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CHEMICAL, METALLURGICAL 
AND MINING SOCIETY 

OF SOUTH AFRICA 

I 

THE PRESIDENT'S (MR S. H. PEARCE) INAUGURAL 
ADDRESS 

(Read at July Meeting, 1903) 

GENTLElIIEN,-I address myself to you this evening with diffidence, 
for I feel that it is one thing to be a component part of a body 
striving to advance its aims and interests, as in our case, but it is 
quite another to be called upon to take the chief part in its direc
tion; therefore you will understand when I thank you for the 
honour you have done me in electing me, how fully I appreciate 
the trust you have reposed in me, and how keenly I feel the 
responsibility of the position. 

It is a time-honoured custom for the newly elected President, in 
his address, to indicate what he considers to be those subjects and 
problems best touched upon introspectively, and I must say that 
my present feelings are those of envy at the easy and graceful, I 
might say complete, way that my predecessors have dealt with the 
matter, for, when I approach it myself and compare the present 
time with those of the first days, and think how much has been 
accomplished, I hardly know whether to congratulate the Society 
upon the progress that has been made in the past, or what remains 
in store for them. I can do both most heartily, for as regards the 
past, I may say I know of no society which has attained the position 
that this has in so short a time, while as regards the future, I feel 
that no other society has so much promise before it, or more scope 
for a useful career, as its objects provide for and cover practically 
the entire development of the resources of this country in which 
we have made our homes. 

Those of you here to-night who were members in the first year, 
and remember the proud announcement that the membership then 
numbered fifty-four, will realise the difference in the status of the 
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2 Pearce: Presidential Address [JULY 1903 

Society to-day. In those days we were nicknamed the Cyanide 
Club, as you know, and, considering the vast improvements made 
in the Cyanide process, mainly by the efforts of the members of 
the Society, it i~ a matter rather to be proud of than otherwise. 

To-day, however, we have added to our scope and range of 
subjects for discussion, and it becomes a difficult matter to decide 
whether to attempt to address you generally upon them all, or to 
take up a special subject. The difficulty exists not so much as 
regards my own choice, but as to what will be of the most ultimate 
benefit to the Society. 

It has been usual in the past for an address to be limited to 
matters connected with our gold industry, and I would, perhaps, be 
wiser were r content to follow the precedent laid down, but I 
cannot help considering that as so many possibilities have sprung 
up since the late war, it becomes almost imperative that we should 
also turn our attention to the time when this continent, so long 
neglected, will respond to the attack that combined capital and 
labour will be making upon its resources, and when it will become 
not only self-supporting, but take that prominent part in contri
buting to the world's supply of metals, minerals, and even food 
stuffs, that it does now in the supply of gold and diamonds. 

In recent history we have two notable examples of a magnificent 
prosperity emanating from a similar case, where gold was first dis
covered and followed by the development of the country, resulting 
eventually in large exports of other staple products, in the cases of 
California and Australia, and I do not think anyone really acquainted 
with this country will think I am too optimistic when I say that 
there is no reason why it should not at least equal their efforts 
in this direction in due time. This I mention in order to point 
out that there is something to strive for beyond, as we have in 
the past, to extract the most gold from its ore at the lowest 
possible cost. 

It is not my wish to underrate the value of such endeavours, 
for such will still have to occupy a prominent place in our discus
sions, and had it not been for the progress and development already 
made in this direction, many of our p'resent producing mines would 
not be workable; moreover, there are many more reefs which in 
the future will also be contributing to the world's supply of gold 
when still more improved and economical methods of extraction are 
available. These, however, are facts well known to you, and it 
would be needless reiteration on my part to attempt to point out 
in what direction your efforts in this should be guided. 
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.JULY 1903] Mining Economics and Explosives 

I cannot, however, pass over that very important matter which 
you hav~ recentl! de?ided to include in the. s~ope of th~ S~ciety, 
viz. minmg, WhICh IS by no means a neglIgIble quantIty III the 
problems of to-day, being responsible for two-thirds of the total 
costs of our gold production and for the employment of by far the 
larger share of labour, both white and ·coloured. 

The economic consideration of this matter will, of course, largely 
remain with the engineers in the evolution of labour-saving con
trivances, etc., but it is for us to discuss such matters of economy 
as the saving in explosives by their more intelligent employment; 
and in this alone, I think, much might be effected if those respon
sible for their use were better acquainted with their properties and 
virtues, for it is common knowledge that the average miner-good 
man though he be-is usually most lamentably ignorant in this 
respect, and I can safely claim that, apart from probable economy, 
many accidents involving loss of life might have been prevented 
by a more complete understanding of the nature of the material used. 

Again, in the matter of detonators and fuse, I might, as an 
example, quote Mr 'Veiskopf, who in his valuable paper referred 
to the present higher powered explosives requiring stronger de
tonators, in order to obtain their full efficiency; and it is regrettable 
that there was not the amount of discussion the subject deserved, 
inasmuch as it dealt with a subject of so much importance, and 
I need only ask those of you who have considered the matter, 
whether it is not a fact that even recently, and possibly at present, 
it was a factor not much considered, for so long as the charge had 
been fired, irrespective of its effect, the detonator was deemed satis
factory: where the amount of ground broken was insufficient, the 
amount of explosive was increased, overlooking the matter of the 
power of the detonator being limited, and this increase not being 
effective the explosive is, or has been, frequently condemned as being 
of inferior quality. This is a matter in which, I think, experimental 
study will be amply repaid in view of the large item that explosives 
figure in mining costs. 

In pure mining theories and practice there is a large amount 
of matter for discussion, including as it does a possibility of decreas
ing the amount of dead work in a mine by a more extensive know
ledge of faults, dykes, etc., as this still appears to occur to an extent 
that could probably be avoided. There are cases perhaps known 
to you where areas of payable reef have been accidentally discovered 
to exist, being faulted back and overlaying the same series. Other 
cases might be quoted where leaders have been left through 
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4 Pearce: Presz'dential Address [JULY 1903 

ignorance of their existence, and by their subsequent discovery 
contributed an appreciable amount to the output of the mine. 

In view of these items, to which much might be added, it cannot 
be said that we have nothing to learn in regard to mining on the 
Rand, and it is a matter of surprise that hitherto no attempt has 
been made to provide for its discussion. 

We have another important question before us that will occupy a 
good deal of attention in the matter of whether and how far sorting 
out waste rock should be carried out. Many of the members will 
have their own opinions on this subject, and it is probable that they 
will not all agree, because it would appear that in certain sections 
of the Main Reef series the sandstone and quartzites forming the 
walls and divisional matter of the reefs carry practically no gold, 
whereas in other sections it would seem a difficult matter to deter
mine where the payable rock really ceases to exist, on account of 
the amount of gold carried in the actual sandstone or quartzite. 
There are many factors in this problem, and I trust that in the near 
future we shall hear the subject discussed very fully, for I am con
fident that if individual experiences were given and considered, the 
payable areas of "waste" could be located and traced as easily as 
are to-day the more important dykes along the reef line. 

Mine ventilation in the deeper levels is another subject that is 
worthy of more notice than has been paid to a question that will 
yet have to be faced; and in this matter I should suggest that more 
attention be paid to the purity of air supplied to the air compressors 
and their lubrication of the cylinders, in view of the accidents that 
have been caused by the production of foul gases, of which a case 
has recently been discussed in the Proceedings of the American 
Institute of Mining Engineers, and there appears to be no doubt 
that a recent explosion in the air main of one of the mines here 
must be attributed to the same. 

It is not my intention to proceed to quote all the subjects that 
are ready for your immediate attention under this heading, but I 
hope I have stated sufficient to justify the steps you have taken to 
provide for their discussion in including such in the objects of the 
Society. 

After all, this is only one portion of them; the production of gold 
may be practically our only industry at present, but I think I am 
echoing the thoughts of you all when I say that we know it will not 
always be so, there being so many other metals and minerals to be 
worked in the future, their development being only a question of 
time. 
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JULY 1903] Mz'nera! Wealth of S. Afrz'ca 5 

If we look up the metallurgy of gold, we find that in the early 
days of Australia the first mining was limited to washing up alluvial 
ground; later it was found payable to hand ~rush the .richer quartz 
and pick out the nuggets, long before the mtroductIon of stamp 
mills and amalgamation. So in this country; so long as there is so 
much apparent profit in it, gold mining will remain the staple industry, 
but now the country is being thoroughly prospected, and it wiII not 
be long before those deposits, which are at present only indicated, 
wiII be definitely located, and the production of other metals become 
an accomplished fact. Large deposits of iron ore, of a higher class 
than m~ny being worked in Europe or America, are known, and in 
some cases in proximity to coal, clay, lime, etc. Copper, zinc, 
nickel, lead, silver, tin, and antimony are known to exist in varying 
quantities, as also are oil shale areas, while the coal deposits, if not 
always of a very high quality, appear to be unlimited, and 
wiII possibly be supplying the world when all others are 
exhausted. 

We have now to contemplate the time when all these wiII be 
considered and expert evidence asked for in regard to this work, 
and we cannot afford to look on while experts from other countries 
are brought over for that purpose. Let us look back upon the early 
days of the Rand, when anyone who could string a few geological 
namcs together dubbed himself a mining expert, and ask ourselves 
if this would hold good to-day. Therefore, let us 'make no mistake 
in this matter, but be ready and prepared for those duties that will 
be asked of us in dealing with them. 

Perhaps I am looking too far forward into the future in 
bringing these matters before you to-night, but as there is no 
doubt but that we shall eventually have many industries 
here, it is for us to foster and accumulate all the knowledge 
we can in order to be ready; and I ask you to remember that, 
while we are still discussing matters connected with the gold 
industry, these other matters should ever have a foremost place 
in our thoughts. 

In the chemical world we are indeed backward. It is true we 
have at Modderfontein a dynamite factory that, I believe, is one 
of the finest of its class (which I hope we shall soon have an oppor
tunity of verifying), and produces explosives with which it is 
now difficult to find fault. I have examined many samples, and 
have always found them of excellent quality, and I might emphasise 
this as an instance of what can be done in this country. Also 
we have a chemical works whose chief product is sulphuric acid, 
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but beyond this, chemical industries are practically wanting in 
this country. 

In agricultural chemistry very little has been accomplished, 
and while I do not suppose it will ever occupy a prominent part 
in our proceedings, .its importance in the development of this 
.country must not be forgotten. One of the chief things needed 
after labour and irrigation for the development of agriculture is 
artificial manure, the importance of which I need not mention 
in regard to the nature of the soil; and here there is room for 
development considering how little is utilised of the ammonia 
liquor of gas works, bones and other animal refuse from slaughter
houses, etc., which in other countries, with imported alkalies, form 
the chief constituents in their manufacture. In this matter I might 
mention that the United States have instituted a system of pub
lishing the analysis of artificial fertilisers, for the purpose of de
noting their chief sphere of usefulness, as well as to protect the 
consumers from the cupidity of dealers; and it is stated that this 
has saved an incalculable amount of money for the farmers. This 
sys~em might, I think, be adopted here with reference to other 
things than this with benefit. 

Hygienic chemistry is another subject practically untouched, and 
in view of the proposed sewerage schemes for this town, it becomes 
a matter of importance. Under this heading we have to consider 
the adulteration of food stuffs, such as milk, etc., the purity of 
water used for domestic purposes, especially that used on the 
mines, the reliability of disinfectants, etc. The disposal of the 
refuse of the town hardly comes under our objects, but I might 
mention that it is a matter for reHection that if it is cheaper to 
destroy such in European towns than to cart them away, how much 
more so should it be here, with a higher cost of transport 7 

Analytical chemistry is a matter .that more directly concerns us; 
and in this matter, including, as it does, the assaying of ores, 
tailings, and residues, etc., I should like to bring to your notice 
and consideration the plan of standardising methods of analysis, as 
in America, by means of commissions appointed to determine those 
which are best and most suitable, these being subsequently adopted 
as standard methods throughout the country. To these com
missions we owe many of our most reliable and rapid methods, 
such as the Eschka method of determining the sulphur in coal, Jones' 
Redacteur, etc., and I think we should be well advised if we could 
follow, their example here in many ways. 

If we take as an example our methods of assayillg and sampling, 
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the matter will appeal to most of you. Oomparisons are always 
odious, but we have got into the habit of making them frequently 
in the matter of extrac'tions, and as there is probably no other place 
where minute accuracy is of the same importance as it is to us in 
this matter, I have no hesitation in stating that up to the present 
we have still much to do before our comparisons are justly based, 
There is no reason why we should not appoint our own commissions, 
and show that we can also evolve standard methods here just as we 
have been able to pioneer the way in the cyanide process of gold 
extraction. 

In the foregoing I have endeavoured in, I am afraid, rather a 
disconnected manner to point out some ways in which the Society 
is capable of expanding, probably in most cases, far beyond my 
term of office, but to be forewarned is forearmed, and if I have 
looked too far in the future it is due to my long residence here, 
and acquiring a native habit of looking ahead with optimism. We, 
each of us, have an innate conviction that the future of this country 
is assured, and that it will indeed be a bright one, and our duty as 
inhabitants, whether we be natives of the country or settlers from 
choice or necessity, is to use all our efforts, is to hasten that time, and 
to use our best endeavours in the development of its resources. It is 
open for us all to take our part in what amounts to opening up new 
fields for supply of the world's necessities, whether it be a great 
or small part, and it is here that our possibilities as a society are 
practically boundless; and in this matter I am pleased to be able 
to state that a Oouncil of Education has been formed here for the 
purpose of putting education in this country on a higher plane, and 
that in a very short time opportunities will be afforded to all those 
who. are anxious to improve their knowledge of chemistry, metal
lurgy or mining, as well as other sciences, and that already courses 
of science lectures are being arranged, which I trust you will avail 
yourselves of to their fullest limit. I would even appeal to you in 
this matter to use your best endeavours to influence others in con
tributing towards popularising such a means of education, as this is 
a country full of rich prizes for those who have knowledge and can 
use it, while there is nothing to hope for but drudgery for those 
who will not bestir themselves. 

Your late President, in his valedictory address, made use of a 
sentence: "Let us equal our possibilities," and there is a wealth of 
meaning in the phrase, which if you think for a moment you will 
see for yourselves, as it is naturally followed by the question, 
" What are our possibilities ~" I have tried to bear this in mind in 
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8 Pearce,' Preszaential Address [JULY 1903 

my address to you, and have endeavoured to indicate a few of them, 
so that you may have food for reflection in the matter; and I hope 
you will leave here feeling that you have something to strive for 
beyond the mere fact that you are earning a living. 

Mr W. Cullen-I will not detain you more than a moment. I 
simply rise to my feet to ask you to accord to your President a 
very hearty vote of thanks for his excellent address. He has not 
only looked into the past, but he has taken an optimistic view of 
the future. This country; I am convinced, is going to be one of 
the most wonderful countries the world has ever seen, quite apart 
from the gold industry altogether. He has touched upon one or 
two points which almost make us pause. One of these is the 
advance agriculture can make if it goes hand in hand with science. 
On this subject, some months ago, I announced that I was making 
experiments with artificial manures. One experiment I have only 
had the result of during the past week, which consisted of adding 
a small quantity of artificial manure on a mealie patch, the 
result of which has been that the crop was practically doubled. 
That is only one instance of the benefit chemistry is to the 
agriculturist. 

Another point is the necessity for a Food and Drugs Act. How 
many of us know, when buying butter at 2s. a pound, that we are 
not buying margarine 1 Another point I should like to draw atten
tion to is the sanitation of Johannesburg, which after all is more or 
less a chemical matter, a discussion on which might go far to do 
something to remedy a most unsatisfactory state of affairs. I think 
it would be a shame if this Society were to allow such an oppor
tunity to pass. Our metallurgy in the past has been exclusively 
gold, but I do not think it will be very long before we have one or 
two other metals, such as lead and zinc, to deal with. There is 
plenty of lead and zinc in the country, and it ought to be possible 
to make zinc discs in this colony. In conclusion, Mr Cullen gave 
a cordial invitation to the members of the Society to visit the 
Dynamite Factory on Saturday, 22nd August, and moved a very 
hearty vote of thanks to the President for his able address. 

Mr J. R. WiIIiams-I have much pleasure in seconding Mr 
Cullen's vote of thanks. Our President has made a very good 
start (I may say that he was one of the' earliest members of the 
Society), and if he keeps to the lines he has started on to-night, I 
feel certain that he will give the very help we require to make this 
Society world-wide known. 

Mr M. J. Farrell-Before this vote is passed I should like to 
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express my feelings with regard to the address which our President 
has given us. I am proud at the broad general review he has taken 
of the whole question, because, if there is any danger attached to a 
society like this, it is that of becoming too much of specialists with 
regard to our own work, whereas our President's address shows us 
that he takes a broader and bigger view of this Society's objects. 
I agree with him that it is not only the gold industry of the country 
that we should look to for its great future possibilities. The gold 
industry is of first importance, and will give us the means of 
developing our resources, and this must be thoroughly thrashed 
out and thoroughly worked; and I look upon our Society as one of 
the principal means of doing that, because looking 'back as I can to 
the first opening of the Rand, it was you and men like you who 
made our gold mines possible. When the whole of this gold is 
extracted there is a bigger future for this country, namely, to make 
it a producing country, and, if possible, an export country-to place 
a value on our baser metal, and make this country a manufacturing 
and self-supporting one. Until this is done, there can be no health, 
no salutary position for the whole of South Africa, therefore I was 
pleased to hear our President to-night give a broader and bigger 
basis to this Society than people outside might have expected for it. 
We want the gold of this country, and once the money comes into 
the country to make the rest of our producing power available, then 
this country is safe. 

The agricultural development of the country is a very difficult 
question indeed, and I think you struck the right note in alluding 
to the question as you did. There are other things also referred to 
in your address, and best of all there is this, that none of us, what
ever branch of industry or profession we belong to, should think of 
that alone as the thing which is going to be the salvation of the 
country. We have to do something broader and bigger, and I 
think in your address to-night you have laid the foundation of the 
work of this Society, as this Society should be the means of bringing 
this country into a position which it ought to occupy in our new 
circumstances, a country of which the Empire to which it belongs 
may be proud of, and a country in which it has not wasted its blood 
and treasure for nothing. 

The President-I feel highly gratified at the way in which you 
have chosen to speak of, my address. In reference to Mr Cullen's 
invitation to viBit the Dynamite Factory, I should like to thank 
him, on behalf of the members of the Society, for the invitation he 
has given us to visit the works, which I do not think a good many 
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of you two or three years ago would have thought within the range 
of possibility. 

DISCUSSION AT NOVEMBER MEETING, 1903 

The President-I do not know if anyone has anything to say 
upon my inaugural address, as I do not think it is worthy of 
discussion, but if anyone wishes to speak on it, I shall be willing 
to vacate the chair. 

Mr A. F. Crosse-I take exception to our President's remarks, 
though I certainly did not come here with the idea of discussing 
his address. I think, in future, it would be a good arrangement 
if presidential addresses were not discussed. StilI, I listened to it 
with the greatest intcrest. It was a capable address, and neatly 
put together. Members of this Society do not agree with each 
other as a rule, but in this case I think most of us listened with 
great interest to his address, and although we do not discuss it, we 
appreciate it. 

The President-Gentlemen, I am very grateful to you all, and 
especially to Mr Crosse for the nice way in which he has put it. 
As a niatter of fact, I certainly would not wish to shirk anything 
there was to be said on the paper, but it seems to me it places one 
in an invidious position to ask for discussion upon generalities 
which were only touched upon with the idea of indicating subjects 
that might be discussed with benefit to the industry and ourselves, 
and, under the circumstances, I think you have adopted the wisest 
plan. 
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II 

SOME MINE GASES: THEIR TOXICOLOGY AND POSSIBLE 

OONNEOTION WITH MINER'S PHTHISIS 

By A. HEYlIIANN (MElIiBER) 

(Read July 4, 1903) 

BEFORE proceeding to deal with these gases, I should like to make 
a few remarks to explain why I think they may be connected with 
what is here generally called Miner's Phthisis. 

In speaking of miner's phthisis I use the popular term, not the 
scicntific, viz. silicosis, for when the name came originally into US\) 

some years ago it was intended to apply only to certain special 
cases of lung disease where the fibrosis was caused by dust only. 
But since then the term" miner's.phthisis" has become a kind of 
a household name amongst miners; the original meaning soon 
became confused, or perhaps even was never properly understood 
by them. Whenever a miner suffered from a lung complaint of a 
more or less chronic nature, he termed it miner's phthisis, and 
when that man happened to die his brother miners naturally put it 
down to miner's phthisis; not only his brother miners, but even 
medical men were content to use the words, "Died of miner's 
phthisis" on their death certificates. This evidently became a too 
frequent occurrence, and the miners at last roused themselves from 
their habitual passiveness and approached ~he Government, praying 
for an inquiry to be made' into the causes of this high mortality. 
When making their representations they called the disease, to 
which they seem to be so subject, and which apparently has 
caused so many deaths, "miner's phthisis." 

They did not ask for an inquiry to be made on miner's silicosis 
(or a phthisis which is caused by silica only); nor did they ask for a 
medical definition of the words miner's phthisis. The miners do' 
not and can not know what causes this mortality, whether it be 
dust, or gases, or other evil-all they want is that the mortality 
amongst them should be decreased. The fact remains that they 
are subject to a disease which gives ill lllany cases identical symp-

II 
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12 Heymann: Gases and Miner's Phthisis [JULY 1903 

toms, and which was called, not only by the miners themselves, but 
in the death certificates of the doctors, miner's phthisis. 

I notice a tendency to limit "miner's phthisis" to miner's sili
cosis only, and to prevent us from even discussing anything else 
but dust, claiming we have no right to associate the term miner's 
phthisis with gases. This tendency seems to be most frequent 
amongst certain medical men, but I claim that if these gentle
men had practised in the past what they preach in the present, 
viz. that a disease should not be named miner's phthisis unless the 
fibrosis of the lungs is caused by dust alone, we should not have had 
so many deaths attributed to miner's phthisis, and the diseases of 
the miner's would have been more widely classified. I consider 
the term miner's phthisis was misused l?y being generally given 
to lung affection of a chronic nature. The latter is what was 
complained of and caused the present investigation, and is the 
matter we ought to go into, and as such I intend to deal with 
the so-called miner's phthisis-the disease actually compZtLined of by 
the miners themselves-call it Rand miner's phthisis, or whatever 
you like. 

As we shall see later on, there are some noxious gases which, 
when constantly or casually inhaled, even in very minute doses, 
might cause a great variety of diseases; or, to speak more correctly, 
will show symptoms of such a conflicting nature and be so mis
leading even to the medical man, that he can really be excused for 
not being able to put down the right diagnosis or ascertain that 
his patient is suffering from nothing else than the after-effects 
of gas poisoning or a chronic intoxication by poisonous gases. 
These are my reasons· for thinkipg that noxious gases have a 
connection with the Rand miner's phthisis, and we have no right, 
when dealing with this all-important question, to deal only with 
dust as its cause, and to exclude everything else, no matter how 
important. 

When dealing with this question our desire as a society is to 
help in whatever way we can, either by giving our opinion or 
the little knowledge and experience we possess, to help in solving 
this problem given us by the miners, and naturally we have to 
look at the matter from the point of view they take. 

I think I have brought forward enough reasons in support of my 
opinion that when dealing with our miner's phthisis we have 
every right to discuss the question of gas poisoning. 

I will deal only with two gases, the two which, in my opinion, 
can be most dangerous when present in a mine atmosphere-the 
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higher oxides of nit1'ogen and carbo~ monoxid~. Both ~ay be present 
in a mine atmosphere where mtro-glycerme explosIves are used, 
as under certain conditions they are formed by the explosion. 
The carbon monoxide may also partly arise when an air compressor 
is used, as I have explained already; it is common knowledge that 
the cylinders of tell get as hot as to char and even ignite the oil; 
such an occurrence is, of course, extremely dangerous, but there is 
no doubt that the normal working temperature is high enough to 
produce some carbon monoxide from the best cylinder oils. 

This is not a bugbear, as one of the speakers in the discussion on 
miner'S phthisis called it. 

To a very small extent carbon monoxide might be also due to 
putrefaction of organic matter. 

Now, let us assume for the present that the two gases are present 
in a mine atmosphere for the reasons stated above, and let us see 
what evil they can do. 

1. NITROGEN AND ITS DERIVATIVES.-All nitrogen derivatives, 
with the exception of laughing gas (N20). are powerful irritants. 
Nitric oxide (NO), when mixed with air, forms nitric peroxide (N02). 

The latter, when present in quantity even less than 0'5 per cent. 
of the atmosphere, renders it absolutely unfit and dangerous to 
breathe. It exercises its bad effects on the tissues and nervous 
system, producing strong local irritation, principally in the lungs. 
Nitric peroxide has no effect on the hremoglobin of the blood, but 
nitric oxide has, forming NOHb, but we need not discuss this any 
further since we see that nitric oxide cannot exist free when in 
contact with air, therefore cannot be breathed as such by the 
miners. The inhalation of pure nitric peroxide would produce 
almost instantaneous death from asphyxia (according to Professor 
L. Herman's experiments). 

The symptoms of nitric peroxide poisoning are as follows: 
Immediate dyspncea, heaviness on the chest, cough, giddiness, 
expectoration and vomiting, diarrhcea, and collapse. Professor 
Schmieden, in his book on physiological chemistry (1892, p. 209), 
says that very often a man can be for several hours in an atmo
sphere containing nitric peroxide, without even noticing the least 
uneasiness; later on he begins to long for fresh air and acquires 
an unquenchable thirst. After six or eight hours, without the 
least warning, while the patient is perhaps walking, or sitting 
quietly at his table, the dryness and constriction of the throat 
increases, accompanied by a general feeling of uneasiness; cold 
perspiration Qovers the face, a strong irritating cough, which keeps 
on for about five minutes, supervenes, and respiration gets weaker 
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hourly. In fatal cases this state might last for forty hours before 
death ensues. 

2. CARBON MONOXIDE (CO).-This I consider of more importance 
and danger than even nitric peroxide for the following reasons: 
(1) The gas is absolutely odourless j (2) very small- quantities suffice 
to cause death j (3) even when the victim is saved in time, the 
after-effects. of carbon monoxide poisoning are so lasting that a 
variety of diseases may result, everyone of which is serious and 
maybe fatal j (4) when the quantity present in the atmosphere is so 
small that it can have no appreciable effect after inhaling it for 
several hours or even a day or two, it will nevertheless be enough 
when a labourer has to work constantly in such an atmosphere, to 
produce a chronic poisoning which is almost incurable, especially 
if the right diagnosis is not made. Such a state of chronic poisoning 
and increasing weakness might last for nine to twelve months, and 
even longer, and invariably ends fatally. 

The last, but not the least, reason why I have such a "respect" 
for carbon monoxide and think it more important than nitric per
oxide, is that I have reason to believe that this gas is more fre
quently present, and in larger quantities, in the atmosphere of the 
mines than nitric peroxide. 

The effects of carbon monoxide on human beings are almost 
identical with those of nitric oxide, viz.: on the hoomoglobin of the 
blood, on the tissues and on the whole nervous system, but it covers 
a much larger and more complicated field of diseases than nitric 
peroxide does. 

Investigations and experiments were, and are being, done on a 
large scale by the greatest authorities on chemistry, physiology, 
and medicine in the world. Hitherto, however, they have not 
agreed on what is to be taken as the maximum dose of carbon 
monoxide which can be taken without fatal effect, and I don't think 
it will ever be possible to fix such a limit, as it is absolutely proved 
that the affinity for carbon monoxide varies widely among different 
persons. It has been noticed for example that smokers can stand 
more than non-smokers, and it has often been observed that when 
two persons were exposed to an atmosphere containing carbon 
monoxide for an equal time, one of them died, while the other 
got off with an headache only. Taking into consideration these 
facts it can easily be understood why different authorities arrive 
at different maximum doses which a man could breathe without 
being poisoned. 

In most investigations of this kind experiments 'are first carried 
out on mice, rabbits, and other animals j this has, of course, been 
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done with carbon monoxide gas, and I shall now state some of the 

results. 
Professor Dreser, a well-known physiologist, states as the result 

~f extensive experiments that the fatal dose for a rabbit weighing 
1 kg. is 11·5 mg. carbon monoxide; therefore, for a man weighing, 
say about 70 kg., viz. 140 lbs., if his affinity for carbon monoxide 
w~;e proportionate to that of a rabbit, 0·8 grm. carbon monoxide 
would be fatal, but our affinity for carbon monoxide is proved to 
be even greater than that of animals. The last statement was also 
made by Professor Uffelmann as far back as 1884, in the Archiv. fur 
Hygiene, page 207. 

Leblanc states that when 0·55 per cent. carbon monoxide is 
present in the atmosphere it stops the respiration totally. Claude 
Bernard puts the figure at 0·6 per cent. Prof. Gorup-Besanez 
confirms the last statement in his book on physiological chemistry 
(p. 781), and adds that this action would take place within one 
minute, which fact is proved by Prof. Grehant by numerous ex
periments. 

According to Wagner-Fischer's "Jahresberichte" (1880, pp. 354 
and 909), 0·2 per cent. carbon monoxide produces an apparent 
death after two hours'inhalation; this is also stated by Dr Bock
mann (p. 1092);· and 0·04 per cent. carbon monoxide was sufficient 
to make rabbits intoxicated. Prof. Gruber (Arch. Hygiene, 1883, 
p. 503, and 1887, p. 246) states that the lower limit of harmfulness 
occurs when carbon monoxide is present in the air at the great dilu
tion of 0·05 per cent. F. Elsner (1895) gives it at 0·05 per cent., 
but says that sometimes even 0·02 per cent. has a toxic action. 
Lunge in his recent book (1899) says that the lower limit of toxicity 
for men is 0·03 to 0·05 per cent. Prof. Fodor (" V erband Oeffentl. 
Gesellsch.," 1890, p. 377) says: "When carbon monoxide is present 
in 0·4 per cent., or even 0·31 per cent., animals are poisoned after 
from 4 to 24 hours, and 0·13 per cent. produces serious effects which 
do not leave the organism for several days, but as human beings 
are more susceptible to carbon monoxide, these figures must be still 
greatly reduced for men." Dr Friedberg in his book, "Poisoning 
by Charcoal Fumes," confirms the last statements. He further 
states that animals recover from the comatose state very easily, 
whereas human beings once they have inhaled so much of the gas 
as to lose consciousness, are rarely brought back to life. Further, 
Fodor states that investigations with rabbits proved that the re
spiration is rendered very difficult when 0·05 per cent. carbon 
monoxide is present; the animals would not touch food, dropped 
from weakness, and appeared to be very sleepy with so little as 
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r6 HeJ'mann: Gases and M£ner s Phthis£s [JULY 1903 

0'023 per cent. carbon monoxide. He asserts that when even so 
little as 0'004 per cent. of carbon monoxide is present in an atmo
sphere where human beings have to be constantly working, the air 
ought to be considered with suspicion. Uffelmann made a few ex
periments on himself, having remained for half an hour in an atmo
sphere containing 0'04 per cent. carbon monoxide; he felt head
ache, giddiness, and considerable weakness. Now most of the 
authorities agree in stating that the affinity for carbon monoxide 
varies with each person; therefore the limit of danger should be 
drawn at 0'03 per cent. carbon monoxide in the atmosphere. All 
of them agree that it should not be present in a living room or 
factory, mine, or other workshops where people are present for 
hours daili-it should not exist in quantities detectable either by the 
blood-test or even the palladium test (about 0'01 per cent.). 

The following will serve as an ordinary plain illustration, easily 
understood by everyone, of the poisonous nature of carbon 
monoxide : We all know, or rather have heard, of charcoal fumes 
and their deadly effects on human beings; well this is not a pure 
carbon monoxide gas, but it contains only 0'3 per cent. to 0'5 per 
cent. of carbon monoxide. 

To summarise, we see now that carbon monoxide can begin to 
exercise bad effects on our organism in the course of time at 0'004 
per cent., and the effects increase until 0'5 per cent. is reached, 
which would cause death in a few minutes. Thus, according to 
the amount inhaled will be the severity of the poisoning; it may 
be immediate death, it may be death after an hour or several hours, 
and it may be also death after several days, even the latter being a 
case of acute poisoning. Then we have another stage-the after
effects of acute poisoning. When carbon monoxide has been inhaled 
in considerable quantity, but not enough to cause immediate death, 
or when a cure has apparently been accomplished, this cure may 
be only apparent, and after several days, or even weeks, the person 
previously affected becomes ill again. Finally, we have another 
stage, chronic carbon monoxide poisoning. This arises when the 
carbon monoxide has been constantly present in minute quantities 
in the atmosphere the person has breathed. Thus there are three 
types of disease: (1) Acute poisoning; (2) sequelce of poisoning; 
and (3) chronic poisoning. 

The symptoms of carbon monoxide poisoning could be described at 
great length. For the present I will mention only a few general 
and most frequently occurring symptoms at all three stages: initial 
symptoms are headache, hammering in the temples, noise in the 
ears, difficult respiration, tightness of the chest, giddiness, with 
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eneral feeling of distress and loss of appetite. In more serious 
a ges vomiting, redness of the face, nose, and occasionally of the 
cas, k d h' d' . . h st memory wea ness, an anrest eSIa; an m very senous cases 
~ es ~f voluntary movement, tonic and clonic convulsions, passing 
~s urine and freces, with complete paralysis, gradual failure of the 
~eart, lowering of temperature, coma, and d~ath. . 

As mentioned before, the oxyhffimoglobm of the blood IS the 
medium whereby carbon monoxide exercises its bad effects since the 
arbon monoxide replaces its oxygen, forming COHb. The affinity 

~f the carbon monoxide to hffimoglobin is 200 times stronger than 
that of oxygen; from this it follows that when one inhales air 
which contains carbon monoxide, the hffimoglobin will be saturated 
with carbon monoxide before oxygen has any chance whatever; 
thus when the quantity of carbon monoxide in the atmosphere is 
0'5 per cent., the hremoglobin would be saturated to about 90 per 
cent., and death occurs before complete saturation of the hremo
globin takes place. Dr Dreser, experimenting on rabbits, proved 
that when the respiratory capacity went down to 20-30 per cent. 
death ensued. Prof. Kobert, of Dorpat, made many precise experi
ments and proved that poisoning would take place very frequently 
when the proportion of carbon monoxide in the air was 0'1 per cent., 
which would give 49 per cent. saturation of the hremoglobin with 
carbon monoxide. Oxygen would slowly but surely expel the 
carbon monoxide; it is not agreed yet how long it would take to 
expel it, some say two hours, others four, but of this there is no 
doubt, that the carbon monoxide is expelled unchanged and quanti
tatively from the organism, that oxidation to carbon dioxide does not 
fake place. 

The blood corpuscles do not change their form when charged with 
em'bon monoxide, and therefore do not get disintegrated, but it is 
possible that after a certain time they get incorporated in the liver. 
The carbon monoxide does not remain in toto combined with the 
hremoglobin, but as soon as the concentration has reached a certain 
point (not yet determined) it partly leaves the hremoglobin and 
forces itself through into the tissues. That carbon monoxide has 
u direct effect on the tissues is accepted by most authorities; those 
who dispute this base their arguments on certain experiments made 
on the frog, but if we take into consideration the abnormally high 
metabolism of the frog we can easily see that .it cannot be taken as . 
u comparative test in this instance at least. 

That carbon monoxide has a direct effect on the whole nervous 
''ystem before even it has any appreciable effect on the hremoglobin 
of the blood, although still disputed by some, is proved by the fact 
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18 Heymann: Gases and Miners Phthisis [JULY 1903 

,that when a mixture 'of oxygen with, say, 20 per cent. carbon mon
oxide is inhaled violent colic commences, and even total paralysis 
of the body may ensue in 30 seconds, in which time the blood could 
not get saturated to such an extent as to be the cause of such 
symptoms j therefore there can be no doubt that the carbon mon
oxide has a direct effect on the whole nervous system. Prof. 
Geppert experimented on this for several years, and absolutely 
proved this to be the case, as did also Prof. Kobert j the latter 
asserts that carbon monoxide affects harmfully not only the gang
lionic cells of the brain, but also the peripheral nerves (e.g. the 
phrenic) as well as various other tissues like muscles, glands, etc., 
and says that such a quick and extensive degeneration takes place 
that it is impossible, it would be even absurd, to attribute it to 
ordinary slow suffocation. 

N ow let us consider the case where carbon monoxide is present 
not in sufficient quantities to cause instantaneous death or acute 
poisoning, and when the person has been saved in time from an 
acute poisoning. I will again make a comparison with an animal
a dog, for instance: 'Vhen a dog awakes from carbon monoxide 
narcosis he seems to be in perfect health, and the awakening takes 
place suddenly j he jumps about as actively as if nothing had 
happened. On the other hand, observations are recorded of human 
beings after being poisoned by carbon monoxide in the form of 
charcoal fumes, mine gases, or illuminating gas. They do not 
recover at once, the toxic effects pass off very slowly. Even in 
very slight cases the person feels a persistent, lingering headache 
and general weakness for some time j the nausea may last for weeks 
and sometimes months. This comes on in most cases directly after 
the awakening, but some"times appears only after a few days. In 
more serious cases the state of coma (unconsciousness) may last for 
several hours even after the carbon monoxide has been wholly ex
pelled from the blood, and when the person at last recovers con
sciousness his troubles are only commencing, for sometimes soon, 
sometimes after several days, a variety of sequelm or after-sicknesses 
may arise. I would refer· any gentleman who takes a special 
interest in this to the latest works of Prof. Kobert, and also of 
Drs Becker and Schwerin. I believe there are already English 
translations of them, and they deal very exhaustively with the 
after-effects and incurable diseases resulting from carbon monoxide 
poisoning. 

In as few words as possible I will endeavour to mention a few 
points which might be of interest and havc some connection with 
'our theme :-
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(1) Formation of vesicles and rapid development of decubitus 
-this might be caused through primary gangrene, 
which is -again caused by a deficiency of oxygen. 

(2) Through primary eruption of the tissues with excessive 
. blood pressure might be caused in many instances 

bleeding of the lungs, brain, extravasation of blood into 
any of the organs. 

(3) A red nose, rosy stains on the chest or abdomen may be 
caused through the persistent dilatation of the vessels, 
which is present at the stage of paralysis of the 
vasomotor centres in carbon monoxide poisoning. 

(4) Through the serious disturbance of all the nutrient organs 
(especially the walls of the vessels and the ganglionic 
cells of the nerve-system) there might arise a great 
number of diseases, in fact too numerous to name, but 
it will be enough to state that they are so misleading, 
their symptoms are so conflicting, that the medical man 
may well be excused for not being able sometimes to 
put down the right diagnosis j he might very easily 
overlook the fact that the prima causa of all this trouble 
was nothing else than poisoning with carbon monoxide j 
he may treat it simply as a brain, kidney, liver, or lung 
disease, and if the victim should happen to be a miner 
suffering mostly from his lungs-well, then, in most 
cases, he will be carried away by his foregone con
clusion and say" dust again." 

I may here mention that in any case it would be extremely 
difficult to detect chronic carbon monoxide poisoning j it is im
possible to detect it in the blood by spectroscopic analysis. The 
only possibility of making a right diagnosis is by a thorough 
anamnesis-and how often is this done 1 

The same Prof. Kobert, whom I mentioned before, and who is 
a real authority on this matter and has made a special study of 
it, says that in chronic cases of carbon monoxide poisoning there 
will be invariably extravasations of blood into various organs, more 
especially through the pleural cavity, and a peculiar pneumonic 
change of the lungs, which resembles "deglutition-pneumonia" to 
Huch an extent that the patient will be very frequently treated just 
fol' the lung affection, but not for carbon monoxide poisoning. . 

As will be noticed, all authorities mentioned by me are continental 
(lilly, but since writing this I am glad to say I have learned of some 
IIvestigations made recently by a well-known English authority, 
Dr Haldane (in 1899). His results and statements do not seem to 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



20 Heymann,' Gases and M-iner s Phtkisz"s [JULY 1903 

differ from the rest; he states that sensible symptoms of poisoning 
would he produced when about a third of the blood corpuscles 
have been saturated by carbon monoxide; distinct symptoms would 
be produced when 0'05 per cent. carbon monoxide is present in the 
atmosphere, and urgent with 0'12 per cent.; [and that] 1 the poison
ous action diminishes as the tension of oxygen increases, and, of 
course, vice versa; this means it would be worse up here with our 
Transvaal altitude. 

In conclusion, I may say that all that I have stated above is not 
with the intention of enlightening medical men, but the main 
reasqn of my bringing this forward is to enable us laymen to 
have a glimpse into what the medical men consider their own 
sanctum sanctorum, and to form our own independent conclusions 
as to the real cause of this high mortality attributed to miner's' 
phthisis. 

The President-Gentlemen, I have much pleasure in proposing 
a very hearty vote of thanks to Mr Heymann for his very valu
able paper dealing with a subject which, I think, we are all 
interested in, and have previously discussed, though in . this 
instance he deals with it in a different way from how we have 
. hitherto treated it. I do not think all will agree with Mr 
Heymann in his statements, especially the medical men, and I 
hope for a big discussion, for although the paper is full of 
technicalities, and deals with things rather above most of us, I 
trust that fact will not deter us each from adding our quota to 
the discussion. In one respect it is a subject above any we have 
had before, because it deals with humanity and the saving of life. 

Mr J. R. Williams-I have very much pleasure in seconding the 
vote of thanks to Mr Heymann for his invaluable paper. I con
sider Mr Heymann, in bringing up this subject to-night, is 
fulfilling one of the first objects of the Society-to help 
ourselves. VV' e are a mining society, and anything we can 
possibly do to lessen the mortality amongst miners, the 
quicker the better, and I think the hint given by Mr Heymann 
re carbon monoxide-particularly with regard to the compressed 
air, about which I should like to speak at a future meeting-is 
worthy the notice of the mine managers, many of whom are 
members of this Society. I think more attention should be paid 
to it. I should like to give it as a recommendation to the new 
Council that the Medical Society be sent an advance copy of Mr 
Heymann's paper, and I trust we shall have a full criticism of it. 

Mr A. F. Crosse-I should like to say, that I hope Mr Heymann 
1 Ed. 
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AUG. 1903J Med£cal Men and Miner's Phthisis 2 I 

'n be prepared, when we discuss his paper, to bring forward a few ;1 ures as to the percentage of carbon monoxide in the gases in the 
jnes, as a matter of general information. 

Mr A. Heymann-I would have included the figures asked for 
. my paper, but the results do not belong to us. It is not yet 
III ade public, but it will be in a week or two, I understand, by the 
~iner's Phthisis Commission. 
, The vote of thanks was unanimously accorded. 

DISOUSSION AT AUGUST MEETING, 1903 

Mr A. MeA. Johnston-I listened with great attention to Mr 
Heymann's paper, and I am sure the other members of our Society 
will support me in thanking him for the trouble he has taken in 
collecting the data now placed before us. It is all interesting, and, 
being mainly excerpts from Continental authorities forbidden to 
many of. us, our knowledge in these authorities, their experiences 
and results is considerably increased. I have but one fault to find 
with Mr Heymann in this connection, and that fault is that he 
has been unfortunate enough not to distinguish clearly where 
his book authorities stop and where Mr Heymann begins. In a 
paper of this standing, if it is to be of any value, we must know 
exactly where we are-whether Prof. Kobert is the authority 
or Dr Haldane, or whether we are to accept certain statements as 
the author's own experiences, or as the results simply of general 
reading or reasonings. For example, is the statement "oxygen 
would slowly but surely expel the carbon monoxide" to be 
attributed to Prof. Kobert or Mr Heymann 1 Again, does Dr 
Haldane say "the poisonous action diminishes as the tension· of 
oxygen increases, and, of course, vice versa" 1 At first one thinks 
it is Mr Heymann's remark, but the succeeding explanation, or 
aside, which is undoubtedly his, causes one to doubt one's first 
impression. There are other instances than the above to be found 
in the paper, and this is rather to be regretted. 

Mr Heymann has been pleased enough to rather severely criticise 
the general attitude of medical men towards this question, and to 
complain of their jealousy in not coming forward and giving com
plete details to laymen regarding any medical question that may 
crop up. I think he is very ill advised in this. Why should one 
of us make irritating remarks regarding the members of a kindred 
society, and more so why should he use this Society for ventilating 
his grievances, imaginary or otherwise 1 No case,· so far as this 
society is informed, has transpired where medical evidence has 
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been refused, and, judging by the time and care given by members 
of that profession to the consideration of this same question, as 
judged by the Miner's Phthisis Commission Report, we ought the 
rather be pleased to commend them. If Mr Heymann is anxious 
to learn something about dangerous mine gases, their symptoms 
and physiological effects, has he not the material to hand 7 He 
shows he has. He can learn as much from his reference treatises as 
any medical man can teach him, with the obvious exception
practical experience, and this naturally the medical profession 
considers its own, giving us only the general results. 'Why, then, 
sneer at the medical sanctum sanctorurn 7 It is such only so long as we 
are outside, and if Mr Heymann continues to provide us with facts 
such as he has collected for us here we will soon be inside. Of late 
we members have been feeling rather keenly about another sanctum 
sanctorum j indeed it would not be amiss to call certain data which 
Mr Heymann and others have over and over again referred to, as 
sanctissima sanctorum. N ow, however, the curtain has been lifted 
and we can judge for ourselves; but had the author incorporated a 
selection of these results, as published in the above Commission's 
report, with his notes, his conclusions would have been more expli
cable and his paper of more advantage to us and many others who 
may not have the opportunity of perusing this report. 

I am at a loss to know whether Mr Heymann is willing to act as 
sponsor for all the results given in the Miner's Phthisis Commission 
Report. If so, I should like to ask him a few questions thereon. 
He is inclined to beljttle dust, and I understand he takes his stand
point from the analyses given. My criticism of these results is that 
they are taken too far away from the working face. Let us take 
No. 752-the highest. It was taken 17 feet away from the face.of 
a drive, and gave 0'185 grains of dust per cubic foot. This means 
that really only the finer dust was caught, as owing to the paucity of 
ventilation most of the heavier dust had already fallen. The miner, 
and to a greater extent his assistants, must breathe this heavier 
dust, and must breathe it usually when exerting themselves im
moderately, hence it is drawn into the lungs and, being heavier, 
would settle firmer than the lighter material. Mr Heymann con
fines his paper chiefly to carbon monoxide. He quotes Claude 
Bernard and Prof. Gorup-Besanez as stating that when carbon mon
oxide is present in the proportion of 0'6 per c'ent. respiration totally 
ceases within one ·minute. I am anxious to know how sample No. 
969, showing carbon monoxide as 0'9 per cent., was taken, and how 
the operator was affected. We might have personal corroboration 
on this point from Mr Heymann. Next, turning to compressor 
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. we find Nos. 968 and 1036 as containing 0'1 per cent. and 
~~i3 per cent. carbon monoxide respectively, but, unfortunately, 
th locality is only stated as underground, and, therefore, we cannot 
. ~ge whether practical experience of breathing this is available. 
i~ such were taken from a ~achine in a weIl-ventilat.ed. stope ~he 
results might well be practIcally harmless, whereas If m a blmd 

d the air would be highly dangerous. 
en There is one paragraph I should like explained-page 16, line 7. 
There we find this: "Now most of the authorities agree in stating 
that the affinity for carbon monoxide varies with each person, there
fore the limit of danger should be drawn at 0'03 per cent. carbon 
monoxide in the atmosphere." Why, therefore, and why Q'03 per 
cent. 1 The remainder of the paragraph causes one to think that 
less than 0'01 per cent. is the limit of danger. One other question 
I should like to ask. Was there any artificial means of ventila
tion in use on any of the mines where the samples were taken 
from. 

To Bum up, my opinion of Mr Heymann's paper is that 'on the 
average layman, to whom his notes are avowedly addressed, 
reading it, the natural impression created would be that a new 
and most dangerous gas has been discovered, that it is present 
in quantities hitherto undreamt of, and that it is universally 
distributed over every part of the mine. Now, this impression, 
1 doubt not, he did not wish to create, but, unfortunately, owing 
to his not including the results on which he bases his notes, the 
reader has no ground to judge otherwise. 

If I may, I will conclude by mentioning a practical test of Dr 
Haldane for estimating whether the carbon monoxide be imme-
diately dangerous. Let a mouse be carried in a wire cage to 
the working face. He states that if it die in a short time 
the air is unfit to breathe. The death of the mouse warns the 
miner, and gives him sufficient time to leave that part of the mine, 
hecause the mouse is twenty times more susceptible to carbon 
monoxide than a man is. 

Dr L. G. Irvine-I think that the custom which you have fol
lowed to-night of inviting occasionally members of other professions 
to attend your meetings is a most excellent one, for it enables us to 
discuss any difficulties or differences which may arise between 
\lS, and which are quite likely to arise when we consider a question 
like the present one, which we naturally approach from different 
standpoints. 

I have, therefore, much pleasure in being with you to-night, and 
I should like to give you an idea of what. is my opinion" and the 
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present opinion, I believe, of most of my colleagues, in regard to 
the question before us. That question is: "What is the cause 
of the excessive mortality amongst the miners on the Rand ~ " 

We have now before us the "Report of the Commission on 
Miner's Phthisis," which has recently been placed in the hands 
of the public, and we are, therefore, able to make use of the 
material supplied by this report. This is a great advantage, 
which was not available in your previous discussions on the 
subject. It is very difficult for members of my profession to 
argue out a question like this before such a society as yours. 
For, while many of the factors in this matter of disease amongst 
miners are susceptible of interpretation by mechanical or chemical 
principles, such factors, for example, as the vitiation of the mine 
air by dust or gases, we must not forget that the question is, after 
all, a question of disease, and that unless you understand the normal 
structure and working of the organs of the body and the mechanisms 
which they possess to resist the attack of irritants, whether these 
irritants be mechanical, such as rock dust, or chemical, such as 
carbon monoxide, unless you understand these facts, and under
stand, further, what structural and other changes result when the 
irritants prove too strong, you really are not in a position to 
form a final judgment on the matter. Now, just as you are able 
to help us greatly regarding the mechanical and chemical factors, 
so we may be able to aid you in understanding these latter biologi
calor pathological factors. "\¥ e can do so because our training lies 
that way. 

The difficulty I have thus alluded to has been very apparent in 
your previous discussions on this subject. In one of them, for 
example, Mr Cullen stated that he found it "difficult to realise 
how disease could result from the inhalation of banket dust." 
Now, I can well understand that Mr Cullen found this difficult to 
realise; but, gentlemen, what has been thus hidden from the wise 
and prudent has been revealed unto babes! No member of the 
medical profession has the slightest difficulty in understanding 
how dust can cause disease. The dust diseases of the lung form 
a most marked and distinctive group of diseases, and have been 
well recognised for more than forty years. If you were to take 
a characteristic specimen of stonemason's, or knife-grinder's, or 
miner's lung, on the one hand, and a characteristic specimen of 
tubercular phthisis on the other, and place them under the 
microscope, no competent pathologist would hesitate in stating 
which was which. 

Again, another of your members stated that" it seemed to him 
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that a diagnosis of miner's phthisis remained a mere guess until 
the patient has died." N ow, this statement is not only very un
complimentary, but it is not even true! To any medical man who 
has had reasonable experience of these cases a characteristic case 
of miner's phthisis presents a concrete clinical picture which is 
unmistakable. 

And now we come to Mr Heymann. I could have wished that 
Mr Heymann's references to the medical profession had been a little 
more temperate, because the tone he has adopted lays him open 
to some very hard criticism in return, for he, too, when he attempts 
to discuss processes of disease, flounders badly, becomes quite ob
scure, and in some passages entirely unintelligible. This hard 
hitting I shall not, however, attempt, but there is one particular 
statement of Mr Heymann's to which I must take exception. He 
says, "I notice a tendency to limit miner's phthisis to miner's 
silicosis only, and to prevent us from even discussing anything else 
but dust, claiming we have no right to associate the term' miner's 
phthisis' with gases." 

Now, I should very much like to know from whom Mr Heymann 
is quoting when he says this. I can, of course, speak only for 
myself, and I certainly have never said anything of the sort, nor 
have I heard any of my colleagues do so. 

A year ago a committee of the Transvaal Medical Society 
undertook the investigation of the causes of the high mortality 
amongst the Rand miners, and especially amongst rock -drill 
miners. And what we found was that the main cause of this 
mortality was not a nervous disease, not a liver, or kidney, 
or heart disease, but quite definitely a lung trouble. 

We have as yet no local statistics of the comparative mortality 
of different occupations from different diseases to go upon. The 
results which we must take as most closely parallel are those for 
Cornish miners. I quote Dr Ogle's figures. If the average 
mortality of all occupied males from all causes be represented by 
the figure 1709, the mortality of Cornish miners is represented 
by the figure 3308, nearly twice as high, and, while the average 
mortality from respiratory diseases of all occupied males stands at 
the figure 723, that of Cornish miners is no less than 2065. The 
Cornish miner has not a more than average mortality from nervous 
diseases nor from liver diseases, his excessive mortality (if we exclude 
a comparatively small contribution due to accidental injuries) is to 
be put down to respiratory diseases and especially to phthisis. 

And we found that here on the Rand the same broad facts 
obtained. We found that the excess of mortality amongst miners 
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was mainly due to a chronic disease of th'e lungs operative over 
several or many years. . 

To this disease the name of "Miner's Phthisis" has been given, 
and I think that as a general term the name is a suitable one, 
because all these cases are characterised (like tubercular phthisis, 
only in a different way) by a progressive consolidation or fibrosis 
of the lungs, and because, in some cases, a true tubercular phthisis 
co-exists with, or is superimposed upon, the primary process. 

Hence, I should define miner's phthisis as a chronic disease of 
the lungs, characterised by a progressive consolidation or fibrosis 
of thcse organs, with or without, but in the majority of cases 
without, a tubercular element. 

This I submit is the disease of which the miners die. I have 
personally perfo~med, or assisted in, the performance of a good many 
post-mortems in milfers dying of this disease, and in every case the 
characteristic fibrosis of the lung was present. I show here certain 
drawings of the naked-eye post-mortem appearances of the so-called 
miner's lung, and I think that even a layman will be convinced 
that the amount of consolidation is really extraordinary, and that 
it is difficult to imagine in some of these cases how life could be' 
carried on at all with lungs so crippled. That is the first point 
which I want you to grasp. 

When we went on to investigate this type of lung disease we 
found the following facts ;-

1. The clinical symptoms during life were those described as 
those being present in the dust diseases of the lung, although the 
course of the disease does appear to be more rapid in this country 
than in most other mining centres. 

2. The pathological appearances, as I have shown them, were 
also characteristic of this type of disease. They showed, in fact, 
two outstanding features, first, an extraordinary development 
of fibrous tissue replacing the true lung tissue, and, second, a chronic 
catarrhal condition of the air tubes and air vesicles. 

3. The microscope showed in the walls of the air vesicles 
particles of mineral matter, and when the fibrosed portions of the 
lung were examined the obvious constant association of the presence 
of mineral particles with the areas of fibrous change was unmistak
able. I show you two drawings of such microscopic specimens, 
the first showing the very early changes, the very commencement 
of the formation of the fibrous nodule, the second showing the 
more advanced change, where the isolated nodules, increased in 
size, are beginning to coalesce. The last stage, that of complete 
fibrosis, is not shown. 
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Olearly, then, the mineral particles arc inhaled into the lungs, 
causing irritation of the air vesicles and provoking catarrh. They 
are then taken up into the walls of the air vesicles and ~arried into 
and through the substance of the lung along the lymphatIc channels, 
lodging in defined areas, and causing wherever they lodge a low 
form of inflammation, resulting in the formation of fibrous tissue, 
which gradually, but surely, encroaches upon and replaces the true 
lung tissue. The angular refractile mineral particles can be readily 
seen in the affected areas. 

4. Ohemical arralysis showed an enormous proportion of mineral 
matter of foreign origin in the ash of the lurig j of the total in
orO'anic ash in thc specimen examined 24 per cent. was silica. 

/:) 

5. An investigation of the incidence of lung disease amongst 
miners showed that it fell most heavily on rock-drill miners. The 
disease, indeed, was called by the miners themselves "machine 
fever," or "rock-drill fever," and although general miners are by no 
means wholly exempt from the disease, we found that they died at 
a more advanced age, and did not have the disease in the same 
aggravated form. Raising and driving were recognised amongst thc 
miners themselves as the most dangerous form of underground 
work. We found, indeed, that the working efficiency of a rock
drill [miner, working more or less continuously under local con
ditions, became impaired or even exhausted after six to ninc years' 
work, and that the average age at death of those fatal cases which 
we investigated was not more than 35 years. 

6. An investigation of the actual conditions of work showed that 
rock-drill miners, especially those engaged in raising and driving, 
worked under conditions which produced a very large quantity of 
dust in the atmosphere. I agree that these are the conditions 
also under which the miners are most exposed to the effects of 
deleterious gases, and I shall return to this point later on. 

These, then, were the reasons which lead us to conclude that this 
disease was primarily a dust disease. We always stated that the 
gases produced by imperfectly exploded blasting gelatine or 
dynamite were subsidiary factors in its production. . The difficulty 
was to determine what precise value to give to them. As producers 
of the form of fibrosis which we found they could be left out of 
account, but the lung fibrosis, although the preponderant, is not the 
only phenomenon which comes under discussion in the investigation 
of this disease. 

The difficulty was that we did not know, and had no means in 
the time at our disposal of finding out; what actually was the 
degree and nature of the vitiation of the mine air by gases. ,\Ve 
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had to be guided largely by theoretical considerations. To some 
extent this deficiency has now been made good, and we, therefore, 
have something more to go upon. But we never attempted to 
refuse to discuss gases as a contributory cause of the disease. If I 
may be permitted to do so, I should like to quote a few sentences 
from the evidence which I gave in December last before the 
Commission on Miner's Phthisis. I said: "Therefore we may 
allow a subsidiary position to dynamite fumes" (meaning the acid 
fumes) "in producing and maintaining those catarrhal changes in 
the bronchi and air cells which we find in miners' lungs . . . and, 
of course, the deterioration of the air from the presence of gases 
such as carbon dioxide and carbon monoxide will, if they be allowed 
to remain in the air of the mine through lack of ventilation, de
teriorate the general health of the miner. 

"I do not think, however, that the chief importance can be given 
to any other factor than that of the dust, but we have none the 
less laid especial stress on the necessity for adequate general venti
lation of the mines." 

In face of the general ignorance which then existed as to the 
amounts of the noxious gases which were, as a matter of fact, 
generated by the explosives, and what the degree of resulting vitia
tion actually was, I do not see that we could have said much more. 

Now, however, we have before us the analyses of mine air made 
under the direction of the Commission on Miner's Phthisis. We 
have, that is to say, a set of new facts. And these analyses show 
us that the amount of carbon monoxide found locally in the air 
immediately or shortly after an explosion of blasting gelatine is of 
a highly dangerous degree, varying from such values as 0'13 per 
cent. with the compressed ail' turned on to 0'68 or even 0'9 per 
cent. in the absence of these conditions. 

Contrary, I think, to expectation, the amount of nitric oxide was 
very small, and probably in most cases it is almost negligible in 
its effects, although this gas has a most irritant action on the 
lungs. 

Now, "gassing" has been always and universally recognised as 
being mainly due to carbon monoxide poisoning, although in some 
cases examples of what appeared to be irritant pneumonia following 
nitric peroxide poisoning seemed to occur, comparabl'e to those 
described by Mr Cullen in his evidence before the Commission. 
The danger of acute carbon monoxide poisoning under such con
ditions has always been recognised. 

But the analyses of mine air under ordinary working conditions 
are the text on which, I presume, Mr Heymann bases most of his 
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sermon. Now, these are striking" enough, but there are very few of 
them-only six in all. Four were taken in one mine, three giving 
a decidedly dangerous level of carbon monoxide, namely from 0·18 
per cent. to 0·26 per cent. Two were taken in another mine, and 
gave values much lower, from 0·03 per cent. to 0·07 per cent. With 
regard to these analyses, I would remark that none were taken in 
open stopes, and the three worst were all in what miners call "bad 
places," namely one in a drive 800 feet from the crosscut, one in a 
drive (disused) 1000 feet in, and one in an overhand stope 400 
feet in. 

Further, as I have already noted, only two mines were sampled. 
I submit, therefore, that, although these analyses afford presumptive 
evidence of a serious degree of vitiation of the general mine atmo
sphere, they should be extended and checked before they form the 
basis of too much dogmatism.! 

Mr Heymann then raises the question of a chronic carbon 
monoxide poisoning. One may take it, I think, that 0·5 per cent. is 
a fatal degree of vitiation of the air by this gas, that 0·12 per cent. 
will produce urgent symptoms, and 0·05 per cent. distinct symptoms, 
and that the downward limit of danger lies somewhere about 0·01 
to 0·03 per cent. N ow, all the analyses given are at or above even 
the danger limit, and they certainly show the urgent necessity of 
better ventilation of the mines. 

Therefore, a good case, so far as the evidence goes, has been made 
out for the existence of a serious degree of vitiation of the general 
mine air, at all events, in what we may call" dead ends "-the ends, 
namely, of raises, drives, and winzes. Now, chronic carbon monoxide 
poisoning certainly exists. Its main symptoms are in the general 
order of their appearance, headache and neuralgic pains, then pro
gressive amemia and breathlessness on exertion, and later degenera
tive inflammation of the nerves and sometimes mental disturbances. 
And I willingly, in the face of these analyses, concede that a miner 

1 I do not dispute the accuracy of these analyses, but they do present 
difficulties. If 0·05 per cent. of carbon monoxide will produce distinct, and 
0·12 per cent. urgent, symptoms, as Dr Haldane-backed by Mr Heymann's 
long list of Russian and German authorities-asserts, I cannot see how we 
can take a vitiation of 0·18 per cent. or 0·26 per cent. as representative values 
of "normal mine air under ordinary working conditions." Clearly either 
Dr Haldane and the other authorities place the danger level too low (i.e. 
overrate the toxicity of rarbon monoxide), or the analyses represent con
ditions which are exceptional. One or other of these alternatives we must 
accept, for otherwise c 1 ses of serious "gassing" would be everywhere of 
daily occurrence, which they certainly are not. 0·26 per cent. of carbon 
monoxide, for example, which is the value given in one of these analyses of 
normal mine air (No. 1031), would produce serious" gassing" in about an hour. 
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30 Heymann:' Gases and Mz"ner's Phthl:sis [AUG.· 1903 

working continuously in a "bad piace" will suffer from chronic 
carbon monoxide poisoning. As a matter of fact, it often happens 
that a miner tells you that, when he was working in a raise' or an 
ill-ventilated drive continuously for six months or so, he felt during 
that time that he was out of sorts, that he was steadily getting 
weaker, less able to do his work and more short of breath, until, 
finally, he stopped his work or went to a better part of the mine. 
Then, he will tell you, he began to get better again. Now, what 
were this man's symptoms due to ~ Dust ~ Dust by no means 
explains them all. He was inhaling dust throughout, he was in
creasing the fibrosis of his lungs which would slowly tell against 
him. But it could not tell against him as quickly as that, and .J 
have no doubt that in such cases we do have what we may call a 
subacute or chronic carbon monoxide poisoning, of a degree·suffi
cient to cause symptoms of itself, and certain to greatly aggravate 
any pre-existing silicosis. 'It may be, indeed, that allowance must 
be given to this factor in explaining why miner's phthisis is more 
fatal here than in most other mining centres. 

It is quite likely that some and, perhaps, much of the amemia 
from which most miners suffer is also traceable to this cause, but as 
spectroscopic examination of the blood only gives the characteristic 
reactions of carbon monoxide when the saturation of the blood 
corpuscles has reached 30 per cent., it is clearly a difficult matter 
to prove, except on a priori grounds. 

But as to that dire list of diseases caused by carbon monoxide, at 
which Mr Heymann so darkly hints but which he never mentions, 
I may be excused from discussing them until they are a little 
better described. 

I would, therefore, sum up thus :-
1. Miner's phthisis is primarily a silicosis, due to the more or less 

continuous inhalation of fine rock dust over long periods, and miners 
would suffer from silicosis quite apart from the presence or absence 
of deleterious gases, although in the former case the course of the 
disease would be more rapid. . 

2. In a minority of cases tuberculosis co-exists with or is graft~d 
upon the primary process, greatly aggravating its symptoms and 
hastening its course. 

3. Associated with the silicosis and aggravating it, carbon mon
oxide poisoning must be taken into consideration as an accessory 
factor, and in particular instanoes the aggravation may be great. 

The recorded vitiation of the mine air by nitrous fumes is hardly 
sufficient to lead us to regard this gas as important under ordinary 
,conditions. . 
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I must confess that I am not so much impressed by Mr Hey
mann's paper, which contains little original matter, and bears no 
evidence of any first-hand acquaintance with the ,disease he dis
cusses, or of even an elementary knowledge of the use of medical 
terminology; I am not, I say, so much impressed by his paper 
as I am by the analyses contained in the report of the Miner's 
Phthisis Commission. 

If it be said that the views I have stated show an advance on 
the opinions we held a year ago, I would certainly admit that in 
the face of these analyses we must concede that gases,. and par
ticularly carbon monoxide, play a larger part as accessory factors 
than we had. before recognised. To do otherwise, indeed, in view 
of the new facts which have been adduced regarding the degree 
of the vitiation of the mine air, would be quite unscientific. In 
what I have said I have simply endeavoured to give to these new 
facts their true place in a full view of the matter. 

And as to a remedy 1 The answer is simple. Water for the 
dust, ventilation for the gases. 

Dr D. Macaulay-With y'our permission, sir, before I proceed, if 
Mr Heymann is present, I would like to ask him to define two 
terms used in his paper, which I have not been able quite to under
stand: I refer to page 19. ' I wish to know what he means by 
the "rapid development of decubitus," and I would like him to 
explain what he means by the "primary eruption of the tissues." 
If he will be good enough to answer the questions, I will 
proceed. 

Mr A. Heymann-Decubitus is the first stage of gangrene; the 
answer to the second question I think you will find in any medical 
text-book. 

Dr D. Macaulay-I must congratulate Mr Heymann for being 
better acquainted with medical text-books than I am. 

I wish, in the' first place, to thank you for promoting me from 
the associate to the members' roll., I am indeed proud to attain 
to full membership in such a vigorous, useful, progressive, and 
withal a fighting society. I notice that a short time ago, not 
content with the scope which chemistry and metallurgy offered 
you, you invaded the sphere of general mining, and enlarged 
your baptismal name accordingly. I am inclined to think that 
you might, with some justification, judging from the recent 
transactions, have tacked on "medical" as well as "mining" at 
the same time. "The Chemical, Metallurgical, Mining, and 
Medical Society of South Africa" would sound rather well, and 
be somewhat comprehensive. 
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Personally, I am bound to say that, although I have been asso
ciated with the Society for several years, I have been so much 
overawed by the technicality, range, and variety of the proceed
ings, that I contented myself with a careful perusal of the trans
actions in the seclusion of my own chamber, deriving therefrom 
great entertainment and profit. But lately I observe that you 
have not only annexed mining, but that several of your more 
adventurous spirits, with a reckless courage worthy of the great 
Don Quixote and his valiant knight, Sancho Panza, have started 
tilting at medicine also. Mr Heymann, in particular, has been bold 
enough to attack what he calls the "Sanctum Sanctorum," and we 
have the result in the paper, which is before us for discussion. 

That paper, which, as a whole, I will characterise as singularly 
lacking in that deference which one scientific expert usually pays 
to another, may be divided, as the parsons do their sermons, in 
three parts: First, there is an introduction, justifying his action 
in bringing the matter forward; second, the body of the paper, 
dealing with certain mine gases and their toxicology; and third, 
his conclusions. 

I shall deal with the second first, because I have less fault to 
find with it. I regard it as a very useful compilation from Russian 
and German sources of the latest information regarding the toxi
cology of the two gases treated of, viz. nitric peroxide and carbon 
monoxide. But, as usually happens in compilations made by a 
man who is familiar with only one of the subject matters dealt 
with, errors and inaccuracies creep in. For instance, I notice that 
on page 17, he accuses the frog of having an abnormally high 
metabolism. Now, sir, "metabolism" is only the scientific name 
for the chemical changes which nutriment and tissues undergo 
inside the body. Mr Heymann, as a chemst, is aware that heat 
generally accelerates chemical action and cold retards; and, con
sequently, as the frog is a cold-blooded animal, his metabolism is 
neceesarily slower than that of warm-blooded animals like man. 
Again, on the same page he makes a statement about the carbon 
monoxide-charged blood corpuscles becoming incorporated in the 
liver. Incorporation signifies" to become part and parcel of." As, 
according to Mr Heymann, the diseases resulting from carbon 
monoxide poisoning, even in small doses, are invariably fatal (page 
14), he will have no difficulty in showing us, on some future 
occasion, such an incorporated liver. It will not only support Mr 
Heymann's theory, but will prove a most interesting curiosity to 
ordinary pathologists. 

Mr Heymann enters into details of the toxic action and symptoms 
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f poisoning from nitric peroxide and carbon monoxide. Well, sir, 
o e have for a long time been aware of the poisonous nature of these 
wases-the one as a profound irritant, the other as a blood poison
gnd with their immediate and remote effects; and when concerned 
~l an investigation into the subject under discussion, viz. "Miner's 
Phthisis," we assigned to them their proper sphere of influence as 
ccessory, but not as causal, agents. We admit with the greatest 

:eadiness a.nd conviction that they are potent factors in the history of 
the disease. But we absolutely deny that they are, or can in the 
nature of things be, the cause of the disease which we know clinically 
as miner's phthisis or miner's lung. Of that disease Mr Heymann, so 
far as I can gather from his paper, knows clinically or pathologically 
nothing. If he did, he could not possibly, with any pretence to 
loO'ical sequence, associate with it the numerous diseases, symptoms, 
anod signs which he attributes to gas poisoning. 

And this leads me to criticise his introductory remarks. He 
starts by accusing not only the miners, but also medical men, of 
abusing the term "miner's phthisis." He says that originally it 
was co-extensive with "silicosis," but that now it is made to mean 
"any lung affection of a chronic nature." What his authority for 
that statement is I do not know. He even accuses us of giving 
false death certificates. He says: "Whenever a miner suffered 
from a lung complaint of a more or less chronic nature, he termed 
it 'miner's phthisis,' and when that man happened to die, his 
hrother miners naturally put it down to 'miner's phthisis'; not 
only his brother miners, but even medical men were content to use 
the words 'died of miner's phthisis' on their death certificates. 
This evidently became a too frequent occurrence," etc. (p. 11). Sir, 
that is a very grave accusation; he accuses us of a carelessness and 
laxity which is almost criminal, and I ask him to justify it or with
draw it in his reply. He evidently does not credit us with bringing 
to bear on our work the same conscientiousness nor even the same 
precision and accuracy which should characterise a doctor as well as 
it chemist. It has probably not occurred to him that the term 
phthisis is a very precise term, with one very definite meaning. 
It means consolidation of the lung tissue, without reference to the 
('uuse of that consolidation; and when we use the term on cer
tificates or otherwise, it refers essentially to consolidation, and has 
110 reference to "lung affections of a chronic nature." The term 
Iliay be, and is, qualified in various ways, such as "tubercular 
phthisis," "stonemason's phthisis," "coal miner's phthisis," "knife 
gl'inder's phthisis," etc., the qualifying term in I)acb case denoting 
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the association of a certain definite pathological cause with the 
consolidation. And so it happens that the term" miner's phthisis," 
as used here, or, more correctly, "Rand miner's phthisis," is quite a 
definite expression, serving accurately to label the disease, which 
pathologically we know as "silicosis." That disease, I repeat, is 
not, and cannot in the nature of things be, caused by gas poisoning. 
For what do we find ~ We find that among miners on the Rand 
there is prevalent a form of phthisis, or consolidation of the lungs, 
which possesses certain very definite characteristics, so definite as 
to constitute it a distinct entity among diseases. It is not tuber
cular phthisis; that is abundantly proved. We find, on the other 
ha,nd, on post-mortem examination of cases, that it is pathologically 
identical with a disease with which we were long familiar at home, 
namely, stonecutter's phthisis, and that it falls into line with 
cognate diseases of the lung, which are associated with dusty trades. 
About these diseases there is no mystery-never has been; and the 
only essential difference between them is the difference in the 
foreign material we find in the lung as the result of the difference 
of occupation, the physical properties of which also cause variations 
in the rapidity of the process of consolidation of fibrosis, which is 
the true essence of the diseases. 

I have said that Rand miner's phthisis is pathologically identical 
with stonecutter's phthisis. Yet there is a very important differ
ence. In Midlothian, for instance, a stonecutter lives at his 
occupation twenty years; here the rock-drill miner, who dies of the 
disease, has a working life of not more than seven years. The 
difference of thirteen years is an expression of the difference caused 
by working in the open air and by working under all the conditions 
which prevail underground in the mines of the Rand. Of these 
conditions, we have always admitted that the gases form a very 
important factor. 

It is a misfortune to waste time on an elementary matter of this 
sort, which has frequently been expressly stated by us, but Mr 
Heymann has so definitely charged us with laxity and negligence, 
that it is necessary to put him right regarding our position. We 
not only associate the term "miner's phthisis" with one very 
definite condition in this country, but when advanced beyond a 
certain stage we find it very easy of detection. It will probably 
surprise Mr Heymann to know that phthisis, i.e. "consolidation of 
the lung tissue," presents to the expert, i.e. in this case, to any 
trained medical man, certain physical signs on examination of' the 
chest, which are as definite as the reaction between water and 
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Privilege of Wisdom 35. 

I huric anhydride. So that, although we are proverbially accused 
K~l p king mistakes, and sometimes of burying them, Mr Heymann 
(I) mao ground for accusing us of habitually confounding phthisis 
IUS n I "". f h . 'th any other ung allectlOn 0 a c romc nature. 

WI Mr Heymann not only accuses us of carelessness and negligence 
, d looseness of expression, but also of most unsportsmanlike and· 
.tn cientific behaviour, in wishing to stifle discussion. " I notice" 
(~s says, p. 12) "a tendency to limit miner's phthisis to silicosis only, 
. ~ to prevent us from even discussing anything else but dust. . . . 
~his tendency seems to be most frequent amongst certain medical 

en." I ask him, sir, to tell us where he has noticed this tendency, 
~ d to quote the chapter and verse. He will not find it in the 
:~;~eport of the Transvaal Medical Society on Miner's Phthisis," and 
r think he will search for it in vain in the" Report of the Miner's 
I'hthisis Commission." 

Hegarding the third part of Mr Heymann's paper I have only a 
few words to say. He tells us that he has lifted a corner of the veil 
which protects our" sanctum sanctorum " from the vulgar g:rze, and 
you are privilege~ ~o peep within. There you are. permitted to see 
:L wonderful exhIbIt; Mr Heymann has made a dIscovery .. I read 
frcquently in the advertisement columns of the press of certain 
patent nostrums which are supposed to cure all the ills that flesh 
iH heir to. Mr Heymann has gone a step further, and has apparently 
,Iiscovered the agent which causes all the diseases which pink and 
lither pills are credited with curing. He not only gives a list of 
foul' diseases which are due to carbon monoxide poisoning, but he 
h:t8 up his sleeve a great many others-" in fact, too numerous 
to name" (p. 19)-directly due to this deadly agent. I hope, sir, 
t.hat for our sakes-who at present walk in darkness-he will teU 
IIH more of these_diseases in his reply, even if the mere enumeration 
(J,~,:upies a page. 

I am afraid that Mr Heymann, either through excessive en
liliisiasm or, might I venture to say, ignorance of pathological data, 
h;lH confounded in his mind and in his paper the results of acute 
iJiliHoning by means of these gases and of chronic poisoning. I 
shalI say nothing of the "rapid development of decubitus," or 
"primary eruption of the tissues," not knowing anything of their 
IIIcaning until I can consult some text-books, where I hope to, but 
[I'ar I will not, find them. Regarding his third disease, viz. a red 
II()~C, I must confess that, in the course of some years' experience, 
I have come across a few red noses among miners. With the aid 
of u little of "hat Mr Heymann calls a thorough anamnesis I have 
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been able, however, to find that, in addition to carbon monoxide, 
one more carbon atom and six hydrogen atoms were the exciting 
cause, and that the condition was more frequently associated with 
" toping" than with" stoping." 

In his fourth conclusion he not only gives us some novel patho
logy, and darkly hints at the numerous other diseases which for 
the present remain up his sleeve; but once more he characterises us 
all as "Boffins," or "Golden dustmen, who, in an eagerness to come 
to. our 'foregone conclusion,' and say 'dust again,' omit even to 
make a 'thorough anamnesis' of our cases." 

What relation all this has to miner's phthisis as we find it on 
the Rand I am afraid I must confess I do not know, as I do not find 
the symptoms described during life or the appearances after death. 
But, all the same, I am very grateful to Mr Heymann for bringing 
to our notice such a mass of data, which cannot help proving useful. 
I would advise him, however, in future to restrict his energies to 

. his own side of this important question, to find out for us the 
nature and quantities of the gases present in the mines of the Rand, 
and to indicate how best to diminish or get rid of them,and to leave the 
correlation of their toxicology to the diseases we find prevalent here 
to those who are conversant with biological and pathological laws. 

Mr A. Heymann-I would like to ask one question of Dr 
Macaulay. Does he admit that catarrh can be caused by gas ~ 

Dr D. Macauley-Most assuredly. 
Mr A. Heymann-Can it cause chronic bronchial pneumonia ~ 
Dr D. Macaulay-Not in the same way as you get it in the 

miner's lungs here. 
Dr L. G. Irvine-The point is that in: each case the fibrosis 

is associated with the presence of mineral particles, and only with 
these mineral particles do you find fibrosis. 

Dr W. D. Frazer-I really have very little to add to what has 
been already said by my colleagues, Dr Irvine and Dr Macaulay. 
I must entirely endorse everything they have said. But with regard 
to the difference between the mortality of stonemasons and Rand 
miners, which, according to Dr Macaulay, is thirteen years, I feel 
we want to know more about that. I am strongly of opinion myself 
that the excessive mortality, the difference in the mortality between 
the miners here working amongst dust and other people working 
amongst ,very similar dust above ground, such as stonemasons, 
grinders, etc., is largely due to some other cause, and very possibly 
the gases have a considerable amount to do with it. It is only my 
own opinion, but I do think these gases can cause fibrosis in the 
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AU . 

We have the dust, which we all know causes fibrosis, arid I 
:u~?~e the gases also contribute very largely, not only to bronchial 
)hC 

!eges and pneumonic changes, but also to fibrosis. The differ
c an . h If' d es in the post-m(Jl'tem appearances m t e ungs 0 mmers an 
~~:nemasons are fair~y mark~d. I thi.nk the marked tendenc~ t.o 
beak down is very dIfferent m the mmer's lung here to what It IS 
. r the chronic affections produced by dust in other trades and 
!U cupations at home. I think that this difference is largely due to 
~~me other cause than dust, and possibly largely to gases. 

Dr C. Porter--May I venture on one remark 1 While I most 
cordially agree with the views put forward by Dr Macaulay and 
Dr Irvine, who, I think, are probably the two men in the Transvaal, 
and, consequently, the two men in the world, who know more about 
miner's phthisis than anyone else, I do not altogether agree with 
the very conservative opinion which they seem to hold about the 
rights of the medical profession in regard to subjects on the border
land of medicine and chemistry, and of practical and scientific 
interest to the whole community. I think they have taken too 
exclusive a view of medical rights, and if their view had been 
~trictly enforced in the past, humanity would have lost the services 
of a man like Pasteur, who had no medical training whatever, yet 
whose services to medicine have been absolutely incalCulable. One 
,!ould instance other similar men, for example the late Sir Edward 
Frankland and Dr Percy Frankland, who, though well-known con
tributors to bacteriology and other matters of great medical and 
[lublic-health interest, are without medical training, and have, 
lIevertheless, afforded information of high value, not merely to 
the medical profession, but to the whole community. It would 
lie a very narrow view to say that because a man does not possess 
lIledical training, therefore he is not to raise, in a society such as 
this, any question which his special scientific education may lead 
him to think of, and the discussion of which may lead to the general 
welfare of the community. Personally I have the pleasure of 
kllowing Mr Heymann and of valuing his friendship, and I am 
c~rtain that Mr Heymann would not willingly put any accusation 
Ill' slight on the medical profession which would hurt them in any 
I\'ay. At the same time, I do not wish anything I have said to be 
laken as what I should consider a great presumption on my part, 
lIamely, that I differ in any way from my friends Dr Irvine and 
1)1' :Vlaeaulay on the purely medical aspect of the question. 

Dr W. C. C. Pakes-I regret Dr Porter has made the remarks he 
h:l~, for what I am going to say, after his remarks, cease in a way 
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to be academic and become personal. If, therefore, I may eliminate 
Dr Porter's speech altogether and assure Mr Heymann that any 
remarks I may make are purely academic-and I may point out to 
Mr Heymann that. he did not spare the rod when he thrashed 
Mr Cullen-in the first place I should like to place an analogy 
before Mr Heymann. He says: "In speaking of miner's phthisis 
I use the popular term, not the scientific one, silicosis." Now, I 
venture to suggest a supposition-a mere hypothesis. Supposing 
it were a popular supposition that Mr Heymann was a blethering 
idiot-we of the scientific world know he is not-would Mr 
Heymann be content to go down to posterity on public opinion? 
Now, sir, that is really my position. He uses the term miner's 
phthisis; he lays down for us that we must accept the popular 
term. I ask Mr Heymann, as a scientific man, if he is prepared to 
accept popular opinion on scientific matters? If he is, then I shall 
be astonished. 

Mr Heymann says that his paper has not been written to 
educate medical men, but merely to allow the layman to be able 
to judge for himself what the true position in this very vexed 
question is. I am going to read out two or three sentences for 
the layman. Here is one: "In as few words as possible I will 
endeavour to mention a few points which may be of interest and 
have some connection with our theme. (1) Formation of vesicles 
and rapid development of decubitus; this might be caused through 
primary gangrene, which is again caused by a deficiency of oxygen." 
Do you think the lay mind would be any the wiser after reading 
that 1 Then he refers to " through primary eruption of the tissues," 
but he does not say where they erupt. 'Ve have had eruptions of 
volcanoes lately, but as regards eruption of the tissues, I must 
confess, with my medical colleagues, that, although this term may 
be found in the medical text-books, it is a new one to me. I think 
Mr Heymann might perhaps be more happy in the choice of a word: 
I think it is a mistranslation, as a matter of fact. He says: 
"Through primary eruption of the tissues with excessive blood 
pressure might be caused, in many instances, bleeding of the lungs, 
brain, extravasation into any of the organs." I do not know quite 
why, but perhaps Mr Heymann will explain in what way bleeding of 
the lungs differs from extravasation of blood into this or other organs. 
In clause 3 he says: "A red nose, rosy stains on the chest or abdomen, 
may be caused through the persistent dilatation of the vessels which 
is present at the stage of paralysis of the vasometer centres in carbon 
monoxide poisoning." As a member of the medical profession it is 
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rflicult for me to put myself in the position of a layman, but to talk 
(I n ordinary miner or an ordinary intelligent layman in the street 
~~ aut the" persistent dilatation of the vessels which is present at 
~h 0 stage of paralysis of the vasometer centres in carbon monoxide 
~soning" would not be very entertaining. I merely suggest that 

fOdo not think we are much "forrader." We medical men do use 
.ome terms, but I have never used terms like that when talking to 
~ymen. Mr Heymann kindly explained to Dr Macaulay that the 
meaning of "rapid development of decubitus" was the primary 
Htage of gangrene, but he says it is caused by gangrene. Howa 
thing can be a stage caused by itself I cannot understand; that is 
to say. a person may be the cause of himself. Then, as Mr Hey
mann is obviously so well acquainted with medical text-books and 
medical lore, I should like him to explain to me how primary gan
"rene is caused by a deficiency of oxygen. Gangrene, of course, is 
: pathological condition, which has one of several causes, but how a 
deficiency of oxygen is going to set up gangrene would be extremely 
interesting to know. Several members of my profession would be 
interested, and I feel sure it would be an addition to medical know
ledge. Then, Mr Heymann has made one or two remarks which I 
was going to criticise, but as Dr Macaulay has criticised them so 
lulmirably, I shall refrain, except to make the statement that in 
imputing carelessness and incompetence to the medical p'rofession, 
a~ a whole, I think Mr Heymann should consider the meinbers of 
the profession are at any rate professional men, and judge them by his 
own standard. I think Mr Heymann ought to allow that the 
members of the medical profession, having had a certain amount of 
,'xperience, even in their student days, will probably be able to 
detect differences in breathing, even though heard through the 
I:hcst wall. If Mr Heymann had had anything like the. practice 
with a stethoscope which every medical student has to have before 
lit: is qualified, he would never make the remarks he has made in 
I'onnection with the diagnosis of diseases which may be caused by 
I'arhon monoxide. He says here: "Professor Kobert, whom I 
mentioned before, and who is a real authority on this matter "-if 
litl is an authority, he must be a real authority, that is, by the way 
--" says, 'that in chronic cases of carbon monoxide poisoning there 

will be invariably extravasations of blood into various organs, more 
,·specially through the pleural cavity, and a peculiar pneumonic 
I'lIange of the lungs, which resembles "deglutition pneumonia" to 
slll~h an extent that the patient will be very frequently treated just 
f'II' the lung affection, but not for carbon monoxide poisoning.''' Prof. 
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Kobert suggests it is possible. Mr Heymann infers it is not only 
possible, but that it is the universal practice in the medical 
profession. 

I think Mr Heymann has got from our various friends in the 
medical profession quite as good as he gave Mr Cullen. I shall 
say nothing more except to ask Mr Heymann in future not to 
tread upon the corns of the profession, which at any rate is of as 
good a standing as his own, unless he expects some members of the 
profession to turn round upon him and judge him, as he has judged 
their profession. 

Dr Murray-I regret that I mislaid Mr Heymann's paper, and 
have not had a chance of going into it thoroughly. Besides, Dr 
Macaulay and Dr Irvine have exhausted all the points of scientific 
interest and made all the pointed criticisms necessary. 

Dr Bensusan, being asked to express his views, said he was afraid 
he would only be going over the same ground again if he commenced 
to speak. He had read the paper, and came to the conclusion that 
the gentleman who wrote it could not have had very clear ideas of 
what he meant. 

Mr A. McA. Johnston-I would like to ask whether a stone
mason is liable to breathe as much dust as a miner underground 1 

Dr D. Macaulay-I may answer at Once and say, No! The stone
mason is working in the open air where the dust is diffused, whilst 
the miner in a drive or raise has to breathe everything that comes 
along. 

The President- I think Mr Johnston wishes to ask whether you 
can give him any information as to the nature of the dust he 
inhales. I should like to ask for my own benefit whether you have 
made any microscopic examinations of the dust 1 

Dr D. Macaulay-It has been made by other people. You can 
readily understand that the dust created by a man by his own 
physical power with a hammer is different from the dust caused by 
a rock-drill. 

Dr W. C. C. Pakes-There are some drawings giving an idea of 
the dust, of the fine dust, quarried on the Rand. As regards the 
quantity of dust there can be no doubt the miner underground 
here does actually inhale a very considerably greater quantity of 
dust than if he is working in the open air. The length of life 
to the miner also depends to some extent upon the sharpness 
and hardness of the particles. The dust quarried on the Rand 
is about as sharp and as hard as possible. The sharper the 
particles the shorter the life of the miner. Why the Rand 
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. have a shorter life than miners in other parts of the 
mIllers . 

ld is that they mhale more dust, and, secondly, the dust 
~o~ gets into their lungs has both the properties requisite for 
\a production of silicosis, namely, hardness and sharpness. 
t ~ W. Bradford-Might I ask Dr Macaulay if he would 
k' dlyexplain to us the difference between the stonemason's twenty 
l:rs of life and the Rand miner's seven years of life 1 There is a 

'~~fference of thirteen years, and it would be of interest to know 
~~e factors that can make that difference. 

Dr D. Macaulay-Dr Pakes has just explained the cause. The 
one thing is that stonemasons work in the open air, and do not 
inhale as much dust, while the miner is working underground 
uuder conditions which make him inhale the maximum amount 
of dust. There are also the influences of the gases, and also 
iusanitary conditions underground generally. There is no com
parison between working underground in darkness and above 
"round in the sunlight. The stonemasons are not necessarily 
~hliged to inhale much dust, while the miner actually works in 
an atmosphere thick or opaque with dust. 

Dr W. C. C. Pakes-If I might add one more reason why the 
I~and miner lives a shorter time, assuming these analyses are 
(:orrect and the Rand miner has got early silicosis, he has only 
a portion of his lung to oxygenate the whole of his body, and 
down the mine even this is contaminated by carbon monoxide. 
Compared with a man with normal lungs he is more liable to 
suffer from anremia, and, having silicosis, the time comes when 
lIoth the silicosis and anremia are so marked that he is unable to 
recover. That is the result of gases, I take it, on the top of his 
silicosis. 

Mr A. F. Crosse-Would the diminished atmospheric pressure 
also have any effect 1 

Dr W. C. C. Pakes here read a portion of his evidence given 
lIofore the Commission to the effect that miners breathe more 
.](:cply here than those living at sea level. 

Mr A. F. Crosse-I certainly, as a chemist and layman, should 
lIot like to venture into a discussion of any question brought up 
to-night, but one question occurs to me. Supposing I were asked 
fflr my opinion as to the purchase of a mine, I do not think I 
,hould rely entirely upon one or two assays. We have many 
amongst us who have special experience in analysing gases, and 
perhaps it would be better if we had more analyses made. It 
would be of great value, I think. 
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Dr J. lVIoir-If any more analysts bad been appointed I really 
cannot see how samples for them could have been taken simul
taneously. I should like to ask Dr Macaulay if he has ever made 
a post-mortem examination of any person who has died from 'silicosis 
contracted in the Johannesburg streets? 

Dr D. Macaulay-I have not made any such examination. 
D,r W. O. O. Pakes-I should like to point out to Dr Moir that 

if he has ever examined the red dust of Johannesburg-I have 
never done it in Jobannesburg, but in Pretoria I have, and it is 
much the same-be will see all the difference in the world between 
the dust as it comes from the mines and the dust ground up by the 
wheels of various machines on the road. In the one case it is 
angular, and in the other it is rounded off, almost spherical. I will 
show you a series of slides with the dust as it is actually upon the 
road and as it comes actually from the drillings, and the dust as it 
is actually found in the lungs setting up silicosis. I have been pro
vided with four beautiful specimens of lungs, and shall be able to 
show you figures which will show that the disease which we know 
as miner's phthisis is truly silicosis. 

The President-I do not wish to make any remarks on the 
subject which might prejudice further discussion of the matter. 
I think we owe a very hearty vote of thanks to those members of 
the medical profession who have attended this meeting and given 
us their views so freely, which I do not think they would have 
done before a Commission. A good deal of their remarks have 
been rather technical, rather obscure to the lay mind, but out of 
the material provided for us to-night I for one have been con
siderably edified, and know a good deal more about the matter than 
when I entered the hall. In regard to Dr Pakes' kind offer to show 
us his microscopic views, I think I can offer him the use of this 
lantern in the hall if he will undertake to have them ready for us at 
our next meeting. I wish now to ask you to signify your hearty 
vote of thanks to those members of the medical profession who 
have so freely given us their views on this most important subject. 
With regard to the animus brought into the discussion, I am 
inclined to agree with Dr Porter. I do not think that it is Mr 
Heymann's intention to disturb the feelings of the medical pro
fession, and allowance must be made for his having spoken in the 
English language, being a Russian by nationality. However, if Mr 
Heymann had not had the courage to speak in the way he did, we 
should not have had the valuable information given us this evening. 

Mr W. A. Oaldecott (contributed)-Mr Heymann refers in his 
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t the fact that smokers are somewhat less affected by carbon 
p'lper 0 I h' 'I k ' 'de than non-smokers, ntis connectIOn may remar 
TIlonoXI h G 

D Loevy informed me some years ago t at a erman pro-
thut r . 
. had advanced the theory that the ill effects of using tobacco 

f(,SHor 
.' . I'nly due to inhalation of carbon monoxide, and that the 

'Iro ma 
. I'mperfect the combustion of the tobacco the greater the effect 
moro . 

duced Hence smokers may be to some extent consIdered as 
pro" , 
. ed to the effect of carbon monoxIde, IIlur 

DISCUSSION AT EXTRA MEETING, SEPTEMBER 5, 1903 

Dr J, Moir - The Miner's Phthisis Commission certainly 
doserves to be congratulated on the result of its labours, for their 
roport displays a conscientiousness and their recommendations a 
\\'illeness of view which merit the highest praise, and which ought 
io reduce the mortality on the mines very greatly if they are all 
properly carried out, 

However, as this is primarily a chemical society, I feel bound 
to call attention here to an unfortunate mistake in the Commission's 
report, which will certainly lead outside authorities to believe that 
the air of our mines contains an extraordinary constituent, I refer 
to the fact that all through the report the gas nitric oxide (NO) is 
l~alled nitrous oxide, whereas, of course, this name nitrous oxide 
lwlongs to N

2
0, or "laughing gas," ,which is not only harmless, but 

(~ould not possibly arise from an explosion, since it is an endothermic 
l~ompound, For this error I fear that the witness who gave most 
(If the chemical evidence before the Commission must be held re
~p()nsible, since wherever he refers to nitric oxide he speaks of it as 
nitrous oxide, nitrogen monoxide, and" nitrogen oxydul" (certainly 
:1 curious hybrid), which are names for nitrous oxide, not nitric 
oxide. I must confess that the English nomenclature is confusing, for, 
:I.lthough NO is nitric oxide and N02 is nitric peroxide, the generic 
Ll'rm for the brown gases nitrous anhydride and nitrogen peroxide is 
"nitrous fumes." It is a pity that the latter phrase is not yet obsolete. 

Although nitrogen peroxide was not found in quantity in any of 
t 110 gases examined, its possible occurrence must never be forgotten so 
long as the present criminal carelessness in handling blasting gelatine 
:1I1l1 in using bad fuses continues, whereby this gas may be formed 
ill large quantity, With regard to, this gas, its caut,erising action 
IIiIS been mentioned and has given rise to some confusion, When 
lIitrogen peroxide meets with water, nitrous and nitric acids are at 
I)II[~C produced, Now, dilute nitric acid has no cauterising action 
II kltever, since this action does not depend at all on the concentra~ 
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tion of the hydrogen ions. On the other hand, nitrous acid has a 
specific action, inasmuch as, evcn when extremely dilute, it destroys 
all amido compounds with evolution of nitrogen. All the tissues 
of the body contain such substances, and are, therefore, attacked. 
The probable reason why the final effect is delayed is that the first 
product is a diazo-compound, which possesses a certain degree of 
stability, and thus takes time to break up, as follows :-

X'NH2 +HN02 =X'N: NOH+H20=X'OH+N2 + H20. 

Mr Heymann has so exhausted the subject of carbon monoxide 
that there is little of value left to say concerning it. As regards the 
main question, I take it that the evidence that he has adduced goes 
to show that the prevalence of silicosis is not a sufficient explanation 
of the high mortality on the Rand. We certainly are indebted to 
our medical friends for the interesting character of our last meeting, 
but, although they were entitled to twit Mr Heymann on his 
inaccuracies in the use of English, I think that to do. so, and yet 
leave his arguments untouched, reminds one of the legal adage: 
" No case; abuse the plaintiff's attorney." 

I think we are now in a position to discuss this mortality more 
exactly than before. Certain facts cropped up at last meeting 
which seem to me absolutely to knock the bottom out of the argu
ments of those who credit silicosis with the chief part in the 
mischief. If it is true that ganister dust takes twenty years to kill 
in England whilst Rand miner's phthisis kills in seven years, then 
this can be expressed by saying that silicosis unaided takes away 
5 per cent. of a man's life each year, whereas the combination of 
diseases generally called "miner's phthisis" here, takes away 
14 per cent. The difference of 9 per cent. can only be ascribed 
to causes outside silicosis, and it follows that these other causes are 
nearly twice as effective as killing agents as silicosis per se. The 
responsibility for this yearly loss of life to the individual must 
be distributed between carbon monoxide poisoning and bacterial 
infection, and in a minor degree to the effects of intemperance, 
insanitation, and the high altitude; and it seems to be certain from 
hese figures that if the removal of the dust is the only thing to 

receive attention, we can only expect to remove about one-third of 
the mortality, whereas if the other causes be removed we might 
expect to remove two-thirds of the mortality even if the dust is 
allowed to remain. 

The fact already mentioned that the street dust of Johannesburg 
is so great in amount affords additional evidence of the secondary 
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t )layed by silicosis in causing this mortality. Even after the 
pa.r IJohannesburg is two and a half times dustier than Paris, 
raWS 

h' h is the dustiest European town; and I fancy that Johannes burg 
\\:t·lCens stand nearly as good a chance of getting silicosis as grind
el

lZ 
. ' 'Eld stone makers and gamster mmers m ng an . 

. Some details about these samples of fine street dust may be 
f interest. They were taken in March at the corner of Main and 

~I rrison Streets, and in both cases it had rained hard on the 
J:evious day. The tubes were placed horizontally, and after the 
~xperiment contained visible heavy dust near their orifices, which 
waS rejected; only the fine dust caught by the cotton-wool 5 
inches from the outside was determined. The results were 0'023 
and 0'024 grains per cubic .foot, which is of the same order of magni
tude as the most of the mme results, though smaller. 

Mr McArthur Johnston seems to think that the heavy dust 
ollO'ht to have been caught, saying" it would settle firmer (i.e. on 
th: lung) than the lighter dust." It would certainly settle sooner, 
aud would, therefore, get caught and thrown out again before 
reaching the air cells of the lung, and so could not possibly cause 
any permanent mischief like silicosis. This is why it was rejected. 
ill' Pakes is quite right in describing this heavy dust as rounded, 
lint he is entirely wrong in stating that the fine street dust is 
also rounded, the fact being that under the microscope there is no 
:lppreciable difference between fine street dust from Johannesburg 
:lml fine dust from the mine drives. Of course, if it is to Pretoria 
street dust that he refers, it is an interesting fact, but it has 
lIothing to do with this question. 

I see that Dr Irvine takes exception to my remark that a 
diagnosis of this disease must be a mere guess until a post-mortem 
i~ made. This certainly sounds uncomplimentary as it stands, but 
if Dr Irvine will refer back he will see that I was speaking of sili
/'oHis proper, and he cannot deny that an ante-mortem diagnosis of 
slleh a thing as silicosis is impossible in the very nature of the case. 
:\0 amount of skill in auscultation would detect I gramme of silica 
diHtributed over a whole lung, however concrete the clinical picture 
IIf the case might be. If, however, he means that the consolida
I ion can be so detected, everyone will agree with him, but 
l'IIn~olidation cannot always be put down off-hand to silica. 

The most striking fact in this connection is one which has hitherto 
!:staped attention, that is, the extraordinarily small quantity of silica 
flllilid in the lung analysed for the Transvaal Medical Association. 
'I'ltiH was supposed to be a typical case of miner's phthisis; yet the 
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lung contained only 1'2 grammes (i8 grains) of silica. As the lung 
must have weighed at least 600 grammes, the percentage of silica is 
only about 0'2. Now, the Commission informs us that the quantity 
of suspended fine dust in the mines is enough to cause the miner to 
breathe over 2 grains per hour. Therefore, if a fatal case of miner's 
phthisis requires the presence of only 36 grains of dust in the two 
lungs, one might expect that the fatal stage would be reached in 
eighteen hours! This is a mystery passing my comprehension, and 
I should like to hear one of our medical friends explain it. It could 
only mean that when a miner has survived the dust for seven years, 
his lungs have got rid of 99'97 per cent. of even the fine dust 
inhaled, which is really too wonderful for belief. A more rational 
explanation would be that the consolidation in the lung in question 
was almost ent.irely due to other causes, such as bacterial action. 
Certainly a case of real silicosis would have shown at least 10 per 
cent. of silica in the lung instead of 0'2 per cent. 
, As Mr Cullen is here, I should like to ask him if he still thinks 
my analytical results abnormal, and, if so, how? If the percentages 
of carbon monoxide are rather startling, they can be fully explained 
i.n terms of the larger consumption of explosives, and of the effects 
of leaky fuses and general careless handling. I should particularly 
like to know what he thinks is the fate of the paraffined wrappers 
of the explosive. In my opinion they are the chief source of the 
·extremely irritating smoke after an explosion, which has hitherto 
been ascribed to nitrogen peroxide, because its smell is somewhat 
similar, and not only so, but some part of the carbon monoxide 
probably comes from this source. My experiment of passing the fumes 
through a tube containing bromine, which was rapidly decolorised, 
showed that a lot of unsaturated compounds, including dipentene, 
were present; and such substances cause coughing, and must 
aggravate silicosis. It ought .to be possible to find some inorganic 
substance to waterproof the explosive with instead of paraffin wax. 
. The high percentage of carbon monoxide in some of the gases 
taken in the early morning, which has been remarked on by Dr Irvine 
and others, is certainly due to absence of ventilation in the localities 
in question, and perhaps, therefore, some of them are scarcely repre
sentative samples. Some people have been unable to understand why 
the carbon monoxide is sometimes greater than the carbon dioxide. 
There is no doubt that the carbon monoxide in compressor air has 
come from the oxidation of the oil used for lubrication, and there 
is also no doubt that the temperature is not as a rule high enough 
to cause the carbon monoxide to combine with the free oxygen of 
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47 

. As for Mr Johnston's query, why the gas containing 
tl~C alr·cent. of carbon monoxide did not kill the men who collected 
() 9 per . I t'" f b 'd 

I Only emphasIse the" persona equa IOn 0 car on monOXI e it can . 
'. I'ng This sample was taken by Mr Fergusson along wIth a pOlson . . . 

ber of your CounCil. After about a mmute's exposure to the gas 
llliem 1fere very differently affected; and I may mention that, along 
t ICY' \\'ith Mr Fergusson, I took the second worst sample myself, and was 

S
everely affected, whilst Mr Fergusson had merely a headache. \'cry . 

Others who collected some of the samples had qUite narrow escapes 
f being" gassed"; perhaps they will bear witness. The possibility 

" f becoming partly inured to carbon monoxide by use of tobacco is 
I~cry important. Mr Caldecott has reminded us of Witt's experi
:llcnts,1 and I again draw attention to his results on account of 
their bearing on our subject. 

Mr J. A. Wilkinson-I think the mystery which has taken such 
a hold upon Dr Moir may be explained by the fact that cilia are 
factors which cannot be ignored. 

Dr J. Moir-That is an argument which has been hitherto applied 
a"ainst heavy dust only. It is something new to have it applied to 
fi~e dust. I was always under the impression that the medical 
faculty explained silicosis by saying that this fine dust was not only 
vory angular, but was so small as to penetrate right into the air 
1:01ls without being thrown back by the cilia. 

Dr W. C. C. Pakes-The medical faculty was discussing the 
'Illcstion of silicosis alone. Dr Moir enlarges the question, and 
di8Cusses the various causes of death occurring in Johannesburg and 
I hc mines-a totally different question. 

Dr J. Moir--Of course, if it is really a question of silicosis alone, 
that is a comparatively minor matter, but I do not think we were 
I:'llIfined to discussing that alone. 

Dr W. C. C. Pakes-I contend that the subject for discussion 
was miner's phthisis, and at the previous meeting it was also miner's 
pltthisis-" Some Mine Gases: Their Toxicology and Possible Con
lI11etion with Miner's Phthisis." I do not think the medical men in 
this room, or in any society I know of, have ventured to discuss 
tho question of the effect of gases breathed by miners upon their 
lIIortality, for the reason that there are no data, up to date, on 
which to base deductions. There are data with regard to miner's 
phthisis, and the question we were discussing was miner's phthisis. 
Tho points mentioned last time were some instances. I can assure 
Ilr Moir that so far as I have made any remarks, I have discussed 

1 Proceedings of this Society, Vol. II. page 845. 
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entirely miner's phthisis, and have not ventured to discuss the 
question of other gases, as practically the only data we have to go 
on are a few analyses of Dr Moir's. These do not form a sufficient 
basis on which to found even a discussion. That the deaths among 
miners on the Rand are due only to silicosis, I do not think any 
medical man would venture to believe. But there is on the mines 
a distinct'specific disease which is possible of prevention, and what 
we wish is that, having this specific disease which is possible of 
prevention, and not being in a position to know all the likely causes 
of the other diseases, by all means let us start with the one we 
do know. That is the position we take up now. When we have 
before us some hundreds of analyses, and more facts about the 
actual working conditions, then, and not till then, will the medical 
profession be able to discuss the other causes which are respon
sible for so much loss of life in the mines. It is an error for 
Dr Moil' and Mr Heymann to include all the deaths under the term 
silicosis, because every miner has some species of early silicosis. 
It is possible-and I have, fortunately, been able to see such a case 
-that a miner may have early silicosis very distinctly marked in 
the fibrous tissue of the lung, but the total effect on the lung may 
be so small that it cannot really have had any serious effect in 
causing his death. He has died of something else. One of these 
cases I was fortunate enough to examine. The poor fellow died 
from having fallen sixty or eighty feet and broken his neck. I 
say "fortunate" because, unless one gets some accident, or a 
miner dies from intercurrent affections, it is impossible for us to 
get specimens showing the very beginnings of silicosis. So, 
"fortunately," I have got one, and at the next meeting I trust 
I shall be able to put that actual section before you on a screen. 

Dr Moil' regrets that a certain term, "nitrous fumes," is still 
persisted in. An old teacher of mine used to say that it did not 
matter very much whether a particular term was, from its 
derivation, really applicable to a certain thing so long as it was 
used to express only a particular thing 01' condition, and it seems 
to me that the term nitrous fumes applied only to a mixture of 
gases is a very suitable term indeed if it is used, as it should be 
used, for a particular mixture and no other. I quite agree that to 
call it nitric oxide is a mistake in actual nomenclature. If the term 
nitrous fumes had been used instead of nitrous oxide, there might 
have been no ambiguity and no mistake. Noone could possibly 
misunderstand the meaning of the term nitrous fumes. 

Then there is another point on which I must say I differ entirely 
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D Moir. I would like to point out that a medical man does 
[!'Om r I . I It' 't . 

I. ose silicosis from ausCu tatlOn a one. IS qUI e true It 
lIot ( lagn fi fi h' fi " I'ble to say there are ve, or twenty- ve, or t Irty- ve 
IS JlUposs I' M d' I d' '. . a man's lung by auscu tatlOn. 1 e lCa men Iagnose 
,,[':llns In . I' . 
,~ f w diseases by one observatIOn. t IS a common expressIOn 
\~'ry e h d' . b . 
to use to medical studen tS'1 t at d ~o Isea~e gIve~ f ut ~ne ~IfS? 
:tionc by which you are ab e to d.Iagnose It~. an , .:r~ er,. It tS 

"fton impossible for ~nyone t? Iagnos; a Iseas.e 1 e sImP
k
Y 

,"I!es the patient in hI~ consultm¥-room. or ten mmutes and as s 
:L fow questions, and If t~~t ~atIe.nt wIll not tell you the truth. 
II 'R difficult to diagnose sIlIcoSIS; If you have a man who tells you 
I ,lhas never been on a mine, or will not tell you where he comes 
II, how long he has been suffering, or that he cannot remember 
Il'IllLl, , • 
as a great many of the lower classes cannot), If you sImply see the 

\al iunt and feel his pulse, and look at his tongue, it is' practically 
illipossible that you should be able to diagnose silicosis, and it is 
\I'ry difficult to diagnose the difference between a tubercular 
]'llll'llition of the lung and the condition produced by silicosis in its 
I',;] rly stages. 

Mr A, Heymann-When comparing the dust of Johannesburg 
,lith the dust of Pretoria, you said the geological formation of 
.lllll:tnnesburg and Pretoria is the same, and, therefore, the dust 
IllllHt be the same. 

Dr W. C, C. Pakes-I said I had examined the dust in Pretoria, 
alill I presumed it must be the same. Dr Moir talks about ausculta
I illll, but it is only one of the factors in the diagnosis of the 
d is]!aHe. 

Dr J. Moir-Auscultation is the chief factor, is it not ~ 
Dr W. C. C. Pakes-No; history is the chief thing, 
Mr A. Heymann-I did not intend to speak to-night, but there 

an: a few remarks I would like to make with regard to Dr Pakes' 
d,'sin: to limit the subject to miner's phthisis or silicosis, Origin
ally the miners complained of a high mortality existing amongst 
111"111 from certain lung affections. This was taken up and a Com
IlIi""ion was formed. The Commission was called the Miner's 
l'itlitiHis Commission, because the high mortality amongst miners 
fl'Olil these lung affections was generally attributed to miner's 
I'ittit isis, and the inquiry was into the causes of the high mortality 
lIitll'lt was, as we can see now, not limited to silicosis. 

Dr W. C. C. Pakes-I would like to clear up what Mr Heymann 
it~lS slt~)\~n has obviously never been cleared up, namely, that the 
("1I11111~SlOn which has been sitting has confined its attention to 

II 
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50 Heymann: Gases and Miner's Phthz'sis [SEPT. 1903 

silicosis. My reason for saying that is this: that there is a con
siderable mortality among the white population on the mines from 
diseases of the lung and diseases of the meninges. These diseases 
are forming the subject of an inquiry by the Medical Society, 
largely because the subject has been left entirely out of considera
tion by the Commission which has sat to discover the cause and 
prevention of miner's phthisis. Now, had the Commission been 
appointed to find out the causes of death and prevention of death 
from various causes in the mines, it could not possibly have sent in 
a report and have left out pneumonia. If you read the report 
carefully you will see they have practically excluded consideration 
of other diseases than miner's phthisis. It is true they have 
touched on the fringe of gases, but I am certain Dr Moir and 
Mr Heymann will agree with me that they have done nothing but 
touch on the fringe. The question of these gases will, I hope, 
form the subject of another inquiry. 

Mr A. Heymann-In the Report of the Miner's Phthisis Com
mission I believe there are four recommendations as to how to pre
vent the disease. Amongst these four there is only,one dealing 
with silicosis. The other three deal with gases, sanitation, and 
ventilation, which practically means gases again. 

Mr W. Cullen-It was not my intention to speak to-night, but as 
our President has given the discussion an informal tone I cannot do 
bette'r than follow his lead, more especially as I see nearly every 
other speaker has done so. I think I may say that I am, to a 
certain extent, responsible for the discussions that have taken place 
on this very important subject of "Miner's Phthisis." 

I think I may also say that, right from the very start, some of 
us, through the leniency of the Chairman, have quite gone away 
from the point under discussion. I am extremely sorry I was not 
present at the last meeting, for it places me in rather an awkward 
position with regard to the discussion up to date, and, therefore, it 
is best for me to leave some of these points, of which Dr Pakes and 
Dr Moir have the monopoly, on one side. Whatever were the 
terms of reference of the Miner's Phthisis Commission, I myself, in 
conjunction with two other witnesses, was certainly asked to confine 
myself to the subject of the gases produced by explosions and 
explosives in the mines. It might have been an afterthought; I 
cannot say, but the fact remains. I have read Mr Heymann's 
paper, not once but twice, and have started it a third time, and I 
have read the Miner's Phthisis Commission Report very carefully 
from the beginning, as also the detailed evidence of the witnesses. 
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I must say here, with reference to gases, that I fail altogether to 
understand the very great difference which seems, on paper at any 
ate to exist between Mr Heymann and myself. In the few 

ramblinCT remarks I made before the Society some time ago, I took 
~redit f;r not trying to minimise the effect of gases. Dr Moir, I 
must admit, is a master of statistics, but there is an old saying that 
statistics can prove anything, and I certainly think they may be 
carried to an absurdity. I think that has, perhaps, been attempted to
night as regards the effects of carbon monoxide. I think there is a 
happy medium in these things. Now, with regard to Mr Heymann's 
paper, it certainly, to the miner at any rate, formed a very gloomy 
forecast for his future. Two or three years ago there was a great 
scare in England about arsenic. Those who read the scientific 
journals will remember the scare we had; we had arsenic in beer, 
sugar, bread, etc. We wondered that any of us were alive. We 
did live through that scare, and never knew there was such a thing 
as arsenic in existence. With regard to these gases we all know 
that people die from gassing, and some just escape being gassed. 
We know it is unhealthy to live in an atmosphere containing 
poisonous gases. Well, we are all agreed that these gases are 
harmful. 

One thing I am quite certain of. If this mortality is due to 
silica, we know pretty well how to prevent it, but it is quite a 
different thing to deal with the question of gases. When carbon 
monoxide happens to be produced by the compressor, we can to a 
certain extent remedy' that by using suitable oil. 

On reading the Miner's Phthisis Commission Report, the point 
that appealed to me most was the appendix giving the analyses. I 
certainly agree with Dr Pakes that the number of analyses given 
was far too few to entitle us to come to any conclusion whatever. 
Admittedly, this aspect of the matter has been taken up for the 
first time; it has received attention simply through the appoint
ment of this Commission; but to form the conclusion, as some of us 
are inclined to do here, that there is a necessary 9 per cent. annual 
mortality over and above the 5 per cent. which could be put down 
to silica, from such a small number of statistics is simply unfair. 
There are such things as whisky, sanitation, and food, and there is a 
high mortality which exists amongst people here who have never 
he en in the mines at all. I do not suppose a Commission will be 
appointed to inquire into the high mortality in Johannesburg apart 
from miner's phthisis, which is far and away above that of any town 
of the same size in any other part of the world. There is no doubt 
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that the question of miner's phthisis, from the miner's point of 
view, is a question of cumulative mortality j but Dr Pakes is right 
in discussing the question from a silicosis point of view. I agree 
with him that, apart from this, we have practically no data to go 
on except hearsay evidence, and that, beyond accidents pure and 
simple, we know nothing for certain about any other causes for the 
high mortality in the mines. I have no doubt that a compromise 
will be arrived at between the two extreme views, and that gases 
have a great effect in lowering the vitality of the miner. Person
ally, I was down on one occasion with the Commission, and I do 
not want to go again. 

I have only one further point to touch upon. A great deal has 
been made of the question of the presence of carbon monoxide in 
the mines. I admit that it does exist, and also admit that a con
siderable amount of it arises from paraffin wrappers. This is a 
point which touches me through my connection with explosives. 
This point I shall explain more fully on another occasion, but in 
most of the experiments carried out by the Commission paraffin 
wrappers were not used. Perhaps when Dr Moil' was present 
paraffin wrappers were used. That is a difference between him and 
me. I am not telling yon anything new when I say that a large 
proportion of the explosives imported into this country since 
December last was the reverse of good. From my experience of 
these explosives I could predict that carbon monoxide, as well as 
other gases, would be formed. That is to say, that it is not sur
prising that an analysis should show larger quantities of carbon 
monoxide than we ought to expect, and unless some analyses are 
done now, and done again three months hence, the value of the 
analyses will be extremely small indeed. At the next meeting I 
will give my reasons for saying so. 

DISCUSSION AT SEPTEMBER MEETING, 1903 

Mr. J. A. Wilkinson-At the outset of my few remarks on Mr 
Heymann's paper and the discussions which have taken their origin 
from that source, I wish to emphasise again a point of difference 
between the medical fraternity and ourselves, namely, that our 
defined object is to try to discover the causes of this high mortality 
which exists among Rand miners, and not to discuss with them 
miner's phthisis, as they now choose to use that particular term 
with sole reference to the well-defined disease of "silicosis." Dr 
Irvine, in his defence of the synonymy of these two terms before 
this Society in connection with this discussion, challenged the 
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thor to quote chapter and verse. I had thought that this would 
~~ve been impossible for us, as the Transactions of the Transvaal 
Medical Society are wrapped up carefully, and, as far as I am 
i are not made public. Yet no less an authority than Dr Ogle 
(LW , 
has stated that diseases have been wrongly entered under the 
heading of miner's phthisis, and for the lay mind this might have 
been sufficient. In evidence before the Commission, given by Dr 
Hogers, we read, page 24:-

"N o. 130. By the Chairman.-Have you noticed this disease ~ 
_Yes j I began to notice it first about two years before the war 
commenced. 

"131. Was it very prevalent 1-I should think it was fairly 
prevalent then, but when death to~k place it .probably ~o~!d not 
be attributed to that cause, but ordmary chromc pneumoma. 

And again, Dr Miller (page 60, same report):-
"441. Dr Miller-I may also say I have made a post-mortem 

examination here on one white man supposed to have had miner's 
phthisis. He certainly had an empyema at the base of the right 
lung, but I could not find anything the matter with his lung. 

"442. By Dr Davies-Still, you would look upon that as one of the 
ordinary mistakes doctors are in the habit of making7-Certainly." 

The Transvaal Medical Society has of late, however, twice 
appeared in print and, therefore, we are permitted to gain some 
ideas as to how they form their conclusions. In the above re
port I notice that they compiled some statistics with regard to 
miner's phthisis. Many interesting details may be obtained from 
that compilation, but what arrested my attention most was a 
column in red ·ink-the rest, sir, is in black-labelled "Medical 
officers' opinion as to presence or otherwise of silicosis." This was 
then divided into three :columns, absent, present, and suspected 
cases, and the respective numbers were 935, 187, and 88, which 
correspond to 77·27 per cent., 15·45 per cent., and 7·27 per cent., 
or, supposing that all suspected cases actually develop into real 
ones, we have 77·27 per cent. absent and 22·72 per cent. 
present cases. If this silicosis is then responsible so largely 
for this high mortality, one would have expected to find more 
than 22·7 per cent. of actual cases when the mortality, the 
statistics of which they do not give us, is so great, and amongst 
Cornish miners, according to Dr Ogle's tables, is as much as 41 per 
cent. Again, if this mortality is due to dust alone one might have 
imagined that workers on tailings dumps would have been as 
liable to disease as miners. Here, again, Dr Irvine tells us no 
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special investigations have been made. Again, when speaking.con
cerning the prevalence of diseases amongst the natives on the mines, 
we find the same lack of data, merely a general opinion formed by 
haphazard experience and one which is in this case called in ques
tion by the profession. Again, if the report of the late Commission 
is read carefully, it will be found there that the medical evidence 
is very often academic rather than embodying the results of actual 
investigation. And again, we are told that the only new thing 
about it is the knowledge of its excessive incidence on the Rand. ' 

On what evidence is such a statement based 1 I think I am 
right in saying that the pathological evidence rests on the histo
logical examination of six lungs, possibly pairs of lungs, hastily 
made for the purposes of this investigation, and the number of 
post-mortems made I have not yet been able to discover. The 
physiologico-chemical evidence is from the chemical analysis of 
two lungs. Now, let us suppose there are 40 mines on the Rand 
and about 100 white miners in each. Further, let us suppose that, 
of these 41 per cent. (Dr Ogle'S mortality number for Cornish 
miners) died of miner's phthisis, that particular variety known as 
" silicosis." We see, then, that the material at the disposal of our 
medical brothers is 1640 cases, and this, I may say at once, is but 
a low estimate, yet, allowing for probable errors (Dr Miller's for 
example), we get a sum total of 1600 cases. Hence, from a careful 
examination of all the available data, which we owe to the unstinted 
and enthusiastic labours of the members of the Commission, to whom 
we are, in consequence, so deeply indebted, I have come to the 
conclusion that the causes of this high death-rate still open a large 
field for investigation, and that too on the lines that I have men
tioned in the discussion on Mr Cullen's paper. The medical evi
dence is scanty, and the conclusions drawn are largely from analogy. 
In their clinical evidence they inform us that" clinical investigation 
and examination show that the disease is an extremely insidious one, 
of very gradual development," etc. I am sure that thiS:must be the 
case, since it has taken the medical faculty fifteen years to prove 
its existence amongst us here. From their pathological examina
tions they have concluded "by ana,logy" that this new disease 
is the same as that met with amongst tin miners, steel grinders, 
ganister miners, etc., that it is a species of what pathological text
book writers classify under the genus "pneumoconiosis,'" or what 
the" lay" mind would call" dust diseases of the lung." 

This, new Rand disease is now, therefore, bottled, pickled, 
labelled, and shelved in the museum of the Transvaal Medical 
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S iety. That silicosis does exist as a specific disease I have 
• o~ the slightest doubt, but is it the only cause of the high mor
~~ity so prevalent here7 1 venture to think that such is not the 
case; and this opinion, according to the evidence of Mr Moses, 
is the same as that prevalent amongst many professional men 
connected with the mines (vide Mr Moses' evidence, page 82, 
;vI.P.e. Report). Further, the latter are in agreement that noxious 
gases playa part which has hitherto been unsuspected. We are, 
therefore, indebted to Mr Heymann for bringing forward this 
subject, because 1 am sure that it will be fertile in stin;lUlating 
interest and possibly urging forward more quickly those investi
gations which are so sorely needed. We ask the members of 
the medical profession for their co-operation and assistance, and 
shoulder to shoulder we will try to stem, and, finally, I hope, to 
beat back this high mortality, this advancing wave of death, so 
that in the future we may look back and say, as our President 
so truly remarked this evening of our worthy ex-President, "It 
was well done." 

Mr W. Cullen-I feel 'that the time has now come to report pro
gress in connection with the discussion of "Miner's Phthisis," for, 
call it what you like, my original paper has been the cause of all 
the talk. Personally, 1 shall make no further contribution to the 
discussion, and 1 think those of us who have taken an active part 
in the fray should agree to do the same, and possibly one year 
hence we shall all know a little .more about the subject. 1 think 
I am right in saying that twelve months ago few of us had ever 
given it much consideration, and many of- us who have spoken, and 
even written, are quite new to the country, and certainly new to 
this aspect of mining. 

I felt this when 1 read my paper about six months ago, and made 
it abundantly clear that my object was to provoke discussion. 
This object has been attained, but here again I have to confess that, 
though on one or two occasions 1 have given my own personal 
opinions, I have at the same time felt that experimental data to 
support these opinions was difficult to get. 

The publication of the report of the Commission has placed before 
liS some data which have, to a. certain extent, supplied the want 
which all of us must have felt; but still 1 think that we are only 
HOW on the very fringe of the subject, and the more we look at it, 
the more we realise that "side issues "-1 still stick to the term
and their effects 011 miners, have to be thoroughly investigated. 
tn the discussion a great many points of one kind and another 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



56 Heymann: Gases and Mz"ners Phth£sz"s [SEPT. 1903 

have been raised, and I cannot help feeling that even although the 
subject were dropped from to-night a great deal of good wiII have 
been done. For one thing, the attention of mine managers has 
been drawn to the fact that compressed air often contains too much 
carbon monoxide. Not only so, but a method of prevention has 
been pointed out, and although it will take some little time before 
the recommendations can be given effect to, still they wiII bear 
results in time. 

Then, again, another very important point has been raised, viz. 
that of ventilation. It seems to be very generally agreed that in 
many, if not indeed in most mines, this might be very much 
improved, and even if Mr Heymann's paper had done nothing more 
than merely emphasise the importance of this aspect of the subject 
it would have served an excellent purpose. Indeed, I feel that 
although ventilation is only a side issue, it is one of the most impor
tant points which have been raised. 

Assuming for a moment that the figures given in Appendix" D " 
of the report are correct, and even nor.mal, one can see that if 
double the quantity of pure air had been forced along the drive at 
the time the samples were taken the percentage of carbon monoxide, 
etc., would at once have been reduced; by one-half. Going still 
further, one might assume that, with a better system of ventilation, 
nearly the whole of the noxious gases produced could be removed 
before the miner had to enter the working. I cannot express an 
opinion as to whether this wiII ever be practicable or not, but, at 
least, it is a method of eliminating the 9 per cent. mortality which 
Dr Moir finds difficulty in accounting for, so that if we ever attain 
to .this ideal state of affairs the problem we have been discussing 
wiII be considerably simplified. 

Undoubtedly, gassing frequently does have fatal results, and, 
undoubtedly, some mine atmospheres are bad from admixture of the 
gases which cause gassing. Between the two extremes there are 
infinite possibilities in which the personal factor, i.e. the miner, 
plays the principal part, and I only reiterate this to show the 
importance of ventilation--a point, again, on which all are agreed, 
but which, perhaps, was not until recently so thoroughly realised, 
because the baneful results of bad ventilation, or no ventilation, had 
not been pointed out. 

I have mentioned two points elicited by the discussion, on each 
of which one could say a great deal, but there are many others. 
There is that of sanitation, for instance, another question which 
receives far too little attention, and which, I hope, will be made the 
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bject of a separate paper by some of our mine managers. Others 
~u not fall quite so much within our scope, and can therefore be left 
al~ne, such as proper feeding and clothillg, changing, and, finally, 
the physical fitness of the man before he goes underground at all. 

I feel, and I am sure the Commission felt, that the data at their 
disposal were extremely limited, therefore, where they have avoided 
dogmatising, we, who presumably know less, ought to follow the 
same course. For this reason, among others, I have felt that 
Dr Moir and Mr Heymann have been endeavouring to build a huge 
superstructure on a foundation which is far too weak to bear the 
load. It may be that they have both facts and figures outside those 
published in the report, and if so I shall be very glad, and so will 
all of us; nevertheless a careful analysis of the figures in the 
appendix leads me to the conclusion that a lot has still to be ex
plained. One thing I want particularly to have explained, and 
that is, how the person who took some of the samples escaped 
death. If Dr Moir himself or Mr Heymann took part in these 
foolhardy exploits, then I congratulate them on their lucky escape, 
because, according to M r Heymann, they ought to be as "dead as 
door nails." From this it follows that scarcely any miners ought 
to be alive, therefore, as they are alive, there is something wrong 
somewhere! 

Presumably, all miners use explosives. In the getting of coal 
more black powder is used than any other kind. N ow, we all 
know, or ought to know, that black powder produces on explosion 
a very large proportion of carbon monoxide, yet I find that the 
coal miners of Great Britain have a lower mortality from diseases 
of the nervous system than a farmer who is always in the open. 
Further, that for every coal miner who dies of phthisis three 
earthenware makers do; and, still further, that the mortality 
among coal miners just equals that of grocers, who are not 
compelled to spend the greater part of their time under
ground. 

The most remarkable vital figures of all are those which refer to 
Cornwall, where, I understand, the conditions as to blasting, the 
use of rock-drills, and the nature of the rock are somewhat similar 
to the Rand conditions. Here we find that out of a record of 
3308 (taking clergymen as 1000) 1241, or 37 per cent., are 
attributable to phthisis; 210, or 6 per cent., to diseases of the 
nervous system; and 824, or 25 per cent., to diseases of the 
respiratory organs other than phthisis. Now, if the gases are so 
baneful as we are given to understand, the mortality under the 
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heading of "diseases of the nervous system" surely ought to be 
more than one-sixth of those classified under" phthisis," or one
tenth of the combined mortality of phthisis and respiratory 
organs. 

N ow, I know it is dangerous to play with figures, but those I 
have quoted are not mine, but Dr Ogle's. Please do not misunder
stand me. I do not wish to minimise in the slightest anything 
which has been said about the harmful influence of these noxious 
gases, but I only wish you to look at them in their proper 
perspective. 

Now, I shall deal with Appendix" D "of the report, and I may 
say right off that I assume that Dr Moir and Mr Heymann have 
gone a good deal on these results. If I am wrong I trust they will 
correct me, but from a remark made by Dr Moir I have taken it 
for granted that he is responsible for the analyses. ,VeIl, then, in 
the first place, I read Mr Heymann's paper, and note the infinitesimal, 
dose it takes to produce terrible consequences. Further, I observe 
that most of the samples analysed show about 0·6 per cent. carbon 
monoxide, and one is actually as high as 0·9 per cent. N ow, in this 
instance, at least, there are only three possibilities :-

1st. The authorities do not know what they are talking about. 
2nd. If the percentage given is correct, the sampler must be 

dead. 
3rd. If he is not dead, then the analysis is wrong, or the autho

rities are wrong. 
Going still further, I find that the normal mine air under work

ing conditions contains more carbon monoxide, in almost every 
instance cited-six, by the way-than Mr Heymann puts down as the 
safety limit. Only in one case out of the six, viz. sample 1231, taken 
at the Ferreira Deep, does the amount fall down to the figure, and 
in several it is quite six to eight times as much. Now, this may be 
right or it may be wrong, but most of the authorities quoted agree 
that if a man remains only a few hours in conditions such as these 
the results ought to be most disastrous. The disastrous results 
are not of daily and hourly occurrence, therefore I am inclined to 
think the analyses are wrong. 

Looking into the results still further, I notice that two out of the 
three samples of air supplied by the compressor contain three to four 
times the amount of carbon monoxide put down as the safety limit. 
One contains none at all, but on the results of the analyses of three 
samples I should not care to come to any conclusion of a very 
momentous nature. Now, the amount of carbon monoxide pro-
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duced by a blast of 30 Ibs. of gelatine could only be infinitesimal 
compared with the amount sent down every shift, i.e. presuming 
the figures are only approximately correct, and presuming that, 
every man gets 70 cubic feet of air per minute supplied to him. 1 
have not gone into the calculation, as I do not know the capacity 
of the average compressor or the amount of oil used per 

shift. 
There is, however, still another aspect of these figures, and here 

I am certain all chemists will agree with me, viz. the difficulty of. 
estimating carbon monoxide when present in small quantity in a 
complicated gaseous mixture. 

The amounts given in several of the analyses are much smaller 
than the usual error of observation, and the estimation of the carbon 
monoxide in a gaseous mixture which only contains 0'1 per cent., or 
even 0'2 per cent., is not a matter to be lightly tackled. I should 
say, if I were an analyst, that for this reason alone I would be very 
chary about coming to any conclusion unless I were absolutely 
sati~fied that I was as certain of my figures and method as those 
who have made this matter a lifelong study. Candidly, I do not, 
believe the analyses one bit. 

So much, then, for the analyses, but there are one or two points 
seemingly brought out by them which are apt to escape observation. 
For instance, sample 680 was taken at the Ferreira Deep twenty 
minutes after a blast of 23 Ibs. of Nahnsen's gelatine. No com
pressed air was turned on; the sample was taken 2t feet from the 
drive. Carbon monoxide was only present to the extent of 0'01 per 
cent., which is nothing. Now, if compressed air had been turIled 
on, probably there would have been no carbon monoxide at all, 
unless, of course, the compressed air contained some. The sample 
referred to was taken on 12th January, but the normal mine air of 
this mine on the 21st March contained three times this amount, i.e. 
0'03 per cent. 

Take one more example-sample 761, taken at the Village Main 
Reef on 30th January. I find that the normal air, mind you, of, 
this mine on the 25th February (1031, 1032, 1033-three samples) 
contained respectively 0'26 per cent., 0'18per cent" andO'18 per cent. 
carbon monoxide, and, further, that one of the samples contained 
1'08 per cent. hydrogen, while the other two contained 0'86 per cenp. 
and 0·71 per cent. respectively. 

Now, samples 750 and 761 giye the analyses of the mine air after, 
an explosion. Both take place at the Village Main. In the former 
case the sample is taken five minutes after the blast and only 
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17 feet from the face, yet, in spite of that, only 0·44 per cent. 
hydrogen is found. In the latter case the sample was not taken 
till ten minutes after the blast, and at a distance of 25 feet from the 
face. The hydrogen found in the latter was 0·2 per cent. and in the 
former 0·44 per cent., and yet I am asked to believe that the normal 
atmosphere of this same mine-certainly on a different date-con
tained in one instance as much as 1·08 per cent. hydrogen. I am 
further asked to accept an analysis which shows that this same 
normal atmosphere contained 0·26 per cent. carbon monoxide. If 
Mr Heymann has any confidence in his authorities, he must either 
admit that these analyses are the purest moonshine or that his 
authorities are absolute frauds. The whole thing is so utterly pre
posterous that I wonder that any chemist could allow them to pass. 
I am curious to know whether Dr Moir can explain where this 
hydrogen came from, and how he detected it. 

If the question is put to me, is it your intention to discredit these 
analyses 1 I certainly say yes. 

However, we must get on, and I would again refer to sample 761, 
where I notice that under the heading of conditions it is stated that 
two No. 3 and four No. 6 detonators were used. This forms a very 
convenient text on which to hang a few remarks on a subject to 
which I made reference at last meeting. 

For reasons with which I need not trouble you, but which, by the 
way, were fully dealt with by Mr Weiskopf in his paper, an ex
plosive does not always detonate in precisely the same manner. Some 
reasons we can explain, but others we cannot. We do know, however, 
that when the detonating force, I might call it, is not sufficiently 
great, the explosion frequently takes an abnormal course, and when 
this does take place carbon monoxide and various oxides of nitrogen 
are formed, together with other gases of course. If a No. 3 instead 
of a No. 6 detonator is used, this may take place. It may also 
happen if the tamping is not sufficient, and it does happen very 
frequently if the explosive is ignited by the fuse before being 
exploded by the detonator. 

Somehow or other most explosives of the gelatine class become 
lazy or insensitive with age, and require a stronger detonator to ge~ 
them to do the same work as younger explosives. If the percentage 
of collodion cotton is above a certain figure this tendency becomes 
very marked. Well, it so happens that all the imported explosive, 
and it was mostly used in these experiments, was not only old, but 
very old. Much the same remark applied to the Modderfontein 
explosive, so the point I mean to get at is that the experiments 
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ere not conducted under what are normal conditions. Therefore, :0 be of any value at all, they must be done over again. I have 
tried to compare the imported with the local, assuming the results 
of the analyses to be correct, but the conditions under which the 
various samples were taken are so dissimilar that I have been unable 
to make head or tail of them. How carbon monoxide has been 
detected in almost every case, and the oxides of nitrogen scarcely 
at all, I cannot for the life of me understand. I have been present 
at similar experiments more than once, and could always get it when 
it was wanted. I do not know whether an attempt was made to 
get it in 761, but the analysis shows its presence to the extent of 
only 0'02 per cent., as against 0'68 per cent. carbon monoxide. Now, 
I assert that whenever carbon monoxide is produced in anything 
more than normal quantities, nitric oxide is also produced and 
should be found, and I would further suggest that a very simple 
chemical equation will account for the non-presence of this gas 
in nearly every sample analysed. It must not be forgotten that 
the samples were invariably taken some time after the explosion, 
and that, whereas carbon monoxide is quite a neutral gas, both 
oxygen and water react with nitric oxide. 

I would not have mentioned this point at all had not Mr 
Heymann dismissed it from consideration with a few words, and 
had not the Commission, evidently having the analyses of Appendix 
" D " before them at the time, reported as they did in section 48, 
which reads as follows :-

"48. Contrary to the opinion expressed by many of the wit
nesses, the proportion of nitrous oxides in the normal mine air is 
shown to be of small account. Possibly the undue prominence 
given to the presence and evil effects of nitrous oxides in the mines 
is due to the pungent odour and immediate irritating action on the 
mucous membrane, which would tend to the existence of the more 
poisonous, but less noticeable, carbonic oxide gas." 

Nitric peroxide is not produced so very often, but I contend that 
with good explosives and careful handling it ought never to be 
produced at all. In sample 761 it was detected, but two No.3 
detonators were employed, which accounts for its presence right 
away. That carbon monoxide is always produced in small quantity, 
even with a normal detonation, I do not deny, as the extra amount 
of carbon introduced through the cartridge wrapper is just a little 
too much for the available oxygen, but my contention is that where 
Huch high amounts of carbon monoxide are found, large amounts of 
nitric peroxide ought also to be found, and, if they are not shown 
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then, to my mind, at any rate, the value of the analysis is very much 
open to question. 

Even if we assume the analyses to be correct, which I do not 
believe for one moment, there are far too few of them to entitle us 
to come to any conclusiun whatsoever. Mr Heymann has, as far 
as I can make out, endeavoured to make out a very alarmist case 
from experimental data, which he as a chemist must know are in
sufficient. As I said before, perhaps he has more up his sleeve, but 
I give it as my personal opinion that unless he has worked out this 
question for at least six months, noting his conditions, and, above 
all, verifying his results by repeated experiments, I do not think I 
should feel justified in accepting any conclusion which he might 
arrive at. 

One thing, however, I am quite certain about, and it is this, that 
whether Mr Heymann is right or wrong, he has shown us very 
clearly that there is reason for further inquiry, and that it is 
incumbent on some body-the Government preferably-to start 
where we have left oft; and institute a thorough inquiry into the 
whole subject. 

We know how to keep down dust, and I am quite certain that 
when ventilation receives proper attention we shall be able to 
remove those noxious gases, i.e. if they exist. 

Mr C. H. N. Williams-It is with great pleasure that I make 
these remarks this evening on Mr Heymann's valuable paper, and 
the more so because the criticism which has already been made has 
often wandered aimlessly from the point at issue. 

The medical men have in particular attacked Mr Heymann's 
translations from his own to a foreign tongue, for which a con
cession could have been easily and gracefully made; but, although 
this attack created a laugh, it did not touch the points at issue.' 
As an example, I may refer to the word "eruption" used by Mr 
Heymann instead of the word "rupture," which should have been 
used. These two words are so very much alike that for one that 
has to think in one language and write in another such a slip is 
easily made. 

At the beginning of his paper Mr Heymann referred to the fact 
~hat the medical men here now use the term miner's phthisis and 
silicosis as meaning exactly the latter disease, but I agree with his 
remarks that the former term has been used to cover many sins; and 
I base my argument on the fact that during my career of nearly 
twenty years mining in South Africa I have come into contact with 
those who speak with authority on this subject, and the fact stated 
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above is a truth. Another coin?idence I might mention in passing, 
. the fact brought forward by Mr Wager Bradford, of the differ
~snce between the miner's chances of death and those of a stone-
utter, the difference between seven and twenty years. At our 

~rst discussion the explanation giv.en was "dust," at the second 
meeting we were informed that they, the medicals, do not wish us 
to be satisfied that it is dust alone, but that possibly there may be 
other factors. 

Now, with regard to the dust found in Johannesburg and that 
found in Pretoria, Dr Pakes states: "I have never examined the 
dust in Johannesburg, but in Pretoria I have, and it is much the 
same." Possibly, the many mining ventures which find a home 
round Pretoria would rejoice to believe that the geological forma
tions of these two districts were so much alike as this statement 
would lead us to believe, more especially when dumping a few wild
cat schemes on the London market. 

I may say at once that, as regards the Pretoria dust, I am in 
complete agreement with Dr Pakes. Its origin is of clay, formed 
by the weathering of the Pretoria slates, and hence its rounded 
shape, its softness, when compared with the quartzite dust of the 
Witwatersrand. 

Now, I should here like to inform Dr Pakes that the waste rock 
from the Rand mines finds a use in macadamising our J ohanlles
burg streets, and, in consequence, the fine dust which our miners 
breathe is the same in nature as that we find in the dust clouds 
all over the town. . Further, my geological knowledge, small 
though it may be, has always led me to believe that when 
quartzite is fractured, no matter how; the portions still preserve 
their angular knife-edged structure, and, even if these are rounded 
and the edges worn away by constant friction through water or 
other agencies, yet, on being again broken, the new portions will 
have the same angular features as before. 

With respect to the question of the street dust of this town, as 
compared with that found in the mines, I may say that I have 
compared the two, an~ the result of this comparison confirms 
absolutely my former impressions-so much so, that if you were 
given two unmarked specimens, one from the streets and one 
from the mines, they would be undistinguishable. Seeing that 
this is the case, it is a pertinent question to ask, why are the 
people of this town not affected by miner's phthisis '/ They 
breathe the same dust as the underground miner, but not the 
same gases, and, hence, I feel that the only conclusien to be 
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drawn from these data is that silicosis is not the primary cause 
of the miner's phthisis, but that the noxious gases have already 
weakened the respiratory organs, which are, therefore, not able to 
perform their proper functions, leaving the dust to play what 
havoc it will. , 

Mr A. R. Sawyer-My views on this question are recorded (in 
the report of the Miner's Phthisis Commission, and I take this 
opportunity to amplify them. 

My reply to question No. 658 was duly sent to the Commission, 
but has not been included in their report. It was to this 
effect :-

I will first remark that, to appreciate the analyses of such 
samples at their full value, it would be well to accompany each 
analysis with a small sketch-plan of the place where the sample 
was taken, showing the course of the ventilation, so that the 
relative position of the place of selection to the intake and return 
air could be seen at a glance. 

Thermometrical, barometrical, hygrometrical, and some more 
detailed particulars would also be desirable. 

Expired air contains 15 to 16 per cent. of oxygen, 79 per cent. of 
nitrogen, 4'7 per cent. of carbon dioxide, and as nine men were in 
the place in which sample 751 was taken, the ventilation must have 
been' pretty good there to only show 0'05 per cent. of carbon 
dioxide, or the men could not have been in long. This sample, 
therefore, proves nothing. 

Blasting gelatine consists of, 92 parts of nitro-glycerine and 8 parts 
of collodion cotton. The gases produced by an explosion of such 
compounds are, amongst others, carbon monoxide (CO), carbon 
dioxide (C02), nitrous anhydride (N20 S)' nitric peroxide (N02). 

Carbon monoxide and nitrous anhydride are particularly poisonous 
gases. One per cent. of carbon monoxide will almost immediately 
cause the death of warm-blooded animals, and instances have 
occurred in mines where this gas has caused death and affected 
men's health in places where candles continued to burn brightly. 

Good ventilation has always appeared to the inspectors of mines 
in England essential for the removal of causes of disease to the 
respiratory organs in metalliferous and coal mines, as shown by the 
following, amongst other numerous opinions, given in his book on 
"Ore and Stone Mining," by Dr Le Neve Foster, at one time the 
Chief Inspector of Mines in England :-

"The diseases inherent to the miner's calling are due to the 
following causes :-
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SEPT. 1903] Mine Ventilation and Phthisis 

"Breathing a polluted atmosphere, etc. 
"Of these various causes the first is undoubtedly by far the 

worst. It brings on phthisis and other diseases of respiratory 

organs." 
IIowever, as he says further :-
" It is the opinion of the best judges that dust is largely respon

sible for the respiratory ailments from which the miner so often 
suffers." It would, in my opinion, be very unfortunate for the mining 
community in this country if it should go forth that "good 
ventilation is not an important factor in this connection." 

The analysis of sample No. 764, in which as much as 1·2 per cent. of 
carbon monoxide is shown, proves my remark re fumes from fuses 
in my written evidence, and the desirability of adopting electric 
firing, which can now be applied with intervals between the shots. 

With regard to questions Nos. 655 and 647, I would remark that 
I do not believe that anyone, not even a medical man, can say 
definitely by a pathological examination how much of a disease has 
been caused by dust and how much by bad ventilation. This can, 
in my opinion, be best decided by comparing the mortality of 
miners from lung diseases in well and badly ventilated mines, in 
which the conditions are, approximately, identical, and from 
statistical tables such as Dr Ogle's-which I did. 

I should like to add that, in my opinion, the Commission has 
gone very thoroughly into the question of ventilation, and given 
due weight to its importance in this connection. 

Dr D. Macaulay- I wish to refer to a certain question regarding 
the statistics in the report of the Miner's Phthisis Commission of 
which Mr Wilkinson has spoken. He seemed surprised regarding 
the result at which those of us who compiled these statistics arrived, 
as they did not come up to 41 per cent. I wish to tell you that, as 
:t matter of fact, though these statistics were called for by the 
Miner's Phthisis Commission, it was unfortunately left solely to the 
individual miner as to whether he should come up for examination 
or not. This was a great misfortune, and accounts for the dis
crepancy between the results of this country and Dr Ogle's 
statistics. In conducting these examinations, which we did as 
individual medical officers of mines and not as members of the 
Transvaal Medical Society, we found what we find in daily practice, 
namely, that men who are actually affected with the disease, and 
Ilpon whom the truth has dawned, are unwilling to come up because 
they are afraid of .the verdict. That will explain the discrepancy 
to which Mr Wilkinson refers. I have listened with great interest 
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66 Heyma1in : Gases and'Miner's Phthisis [SEPT. 1903 

to Mr Wilkinson's remarks, and I would not have missed them for 
anything, and also to Mr Cullen's remarks. Mr Cullen has earned 
our ·thanks for his able analysis of the statistics contained in this 
report, a matter with which we were afraid to deal, feeling we 
might lay ourselves open to the criticism that" fools rush in where 
angels fear to tread." 

Dr L. G. Irvine:-I 'should like to confirm what Dr Macaulay 
has said as regards the reluctance of the miners to come forward. 
On one of the mines sixty men, all underground workers, came ,up 
for examination. They were, almost without exception, timber 
men and general miners. I do not suppose I got more than fifteen 
rock-drill men altogether .. They would not come. They were 
ordered to come by the mine captain, but never came. Thus the 
s~atistics obtained are of no value as a basis for a real percentage. 
It has been the general experience all through the mines. The 
rock-drill men stay away. 

Mr J. A. Wilkinson-I am glad this statement has been made, 
for it strengthcns my case still further. What I tried to show in 
the few remarks I made was that the case for silicosis as against 
any other disease, or diseases, which might account for the high 
l}1ortality we have here was very weak indeed. All these statistics 
which are printed in the report have, however, been made public, 
and as the majority of people are not members of this Society, and 
therefore will not be aware of what our medical friends have said 
on this matter, these figures will go forth, and other people will 
consider them and draw the same conclusions I havc done. 
From their published accounts they seem to have made a few hasty 
histological examinat.ions for the purpose of this Commission, and 
they have got together a few statistics which they now condemn, 
and, therefore, the case for silicosis is still weaker, and the whole 
thing requires further investigation. 

Dr D. Macaulay-I should like to ask what Mr Wilkinson means 
by a "few hasty histological examinations" 1 

. Mr J. A. Wilkinson-What I mean by it is this. ,It has taken 
the medical fraternity fifteen years to discover this disease on the 
Rand. By their own statements they said' they never knew a 
thing about it until all this excessive evidence occurred on' the 
Rand. I am told the Transvaal Medical Society made a few 
examinations, which were made for the purpose of the Commission, 
and they were made up in a very short time. I think that explains 
what I mean by'.' hasty histological examinations." 

Dr D. Macaulay - The Transvaal Medical· Society made no 
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ILLUSTRATHW REM.leRKS BY DH W. C. C. PAKES. 

No. 1. - MINE DUST. SDI~IER & JACK EAST. LTD. X 360. 

No. 2.-JOHANNESBURG ROAD DUST. X 360. 
Faring p. 66.] 
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No. 3.-SILrcOSIS IX PXEUMOXIC Lmm (EAHLY SILICOSIS). X 180. 

No. 4.-SILICOSIS IN CASE OF 1I'IrNEH'S PHTHISIS (LATE SILICOSIS) 
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OCT. 1903] 
~tfine and Road Dust 

aminations for the Co'mmission, and the report of the Transvaal 
~~edical Society preceded by a long time the report of the Com-

ission. I object to the tone of Mr Wilkinson in saying that we 
:~de any hasty histological examinations. They probably took as 
much time as chemical examinations. We made our examinations 
for our own purposes, and our evidence was called by the Com
mission in the ordinary way. We were never asked as a society to 
do anything for the Commission beyond submitting the report" 
which the Transvaal Medical Society had' in its possession months 
before the Commission was ever thought of., 

LANTERN VIEWS OF DUST, ETC. 

(Shown at the October Meeting, 1903) 

Dr w. c. C. Pakes-I promised to show you a very short series 
of slides of some dust, and particularly of some dust in the lung. 
I must apologise in the first place for the poorness of my specimens, 
and will only add in plea that unfortunately I have not been able 
to obtain a proper apparatus, consequently my assistant has made a 
home-made machine. 

Dr Pakes then exhibited some specimens of dust from the 
Simmer & Jack East Mine, taken quite close to where men had 
been blasting. From the sample taken he had sieved out the 
larger particles of dust, so that on the screen there were shown only 
what might be described as the finer portions. It had not been 
treated in any further way, but had then simply been put on the 
slide. From these samples could be seen the sharp spicules of the 
dust to which attention had been called in connection with all these 
diseases produced by dust. One longitudinal specimen was taken 
from the Simmer & Jack East Mine, close to a hand drill. The 
speaker pointed out that wherever they got these particles of dust 
all had sharp spicules, one specimen in particular, to which he drew 
attention, having been fractured actually on the slide. His next 
slide showed specimens of some very fine dust taken from the drive 
some distance from where the drill was at work, after it had been 
allowed to stand for an hour. Dr Pakes remarked that they would 
notice the sharp spicules of the rock, one piece in particular having 
five or six sharp points. The next slide showed a specimen taken 
in Johannesburg on a day when it was fairly windy, which was 
actually collected in his laboratory. The dust had been blown by 
the wind through the small cracks of the window panes, and col-
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68 Heymann: Gases and Miner's Phthisis [OCT. 1903 

lected actually upon the glass slide 'on which it was photographed. 
He confessed that the microscope showed it better than the lantern, 
but if they looked over it carefully they would notice very few of 
the sharp spicules they had seen in the other slides. All the 
corners were actually rounded. He did not mean to say they would 
not find any spicules amongst them, but the character of the dust 
from the road was undoubtedly less angular and less spicular than 
that obtained from the mines. Dr Pakes also exhibited a further 
specimen of road dust, in which, he said, they would admit the 
particles were undoubtedly rounded. Continuing, he next displayed 
on the screen what he termed a very poor slide of a normal lung, 
but his next slide afforded .a good specimen. It was a specimen 
taken from a young miner who had died of pneumonia, showing the 
alveoli choked up with deposits of silica, his next slide showing 
how completely another specimen of a lung was obliterated by these 
deposits. 
. The President-I feel sure that the demonstration we have had 
to-night of the progress of silicosis or miner's phthisis is very 
valuable to us from an educational point of view. These demon
strations by lantern slides might well be encouraged, for it seems to 
me we have learned more by them to-night than we should other
wise have done in a long period. The subject is not quite done 
with, for Mr Heymann has also some dust slides to show. 

Mr A. Heymann here exhibited some slides showing specimens of 
dust taken from Marshall Street, Johannesburg, six weeks ago, 
which, he said, it did not need much to see that the specimens were 
very "sharp and angular." He also displayed another slide of 
street dust, the particles of which were also sharply pointed, and 
followed this up by displaying specimens of angular dust from the 
lung of a healthy person, who did not suffer from silicosis, and who 
had been an ordinary resident for about seven years in Johannes
burg until his death by accident. 

The President-Mr Heymann is going to refer to his slides 
again in his reply to the critics of his paper, so that I do not think 
I need say anything about them now, but before we leave this 
matter of lantern illustrations I should like to state that we have 
been able to give these views through the courtesy of Mr W. H. 
Shaw, to whom I beg to propose a very hearty vote of thanks, and 
also to Mr McCann, who has so ably handled it. 
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~'acing p. 68. J 

Ir,LUSTHATING RElIIARKS BY .1111\ A. HEnrANN. 
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No. 3.-SILICA FHm! Lm>o. x 90. 

No. 4.-SPECIMEN TAKEN FROM PHOTOGUA1'H No.3. x 630. 
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OCT. 1903] 
Road Dust and Disease 

DISCUSSION AND REPLY AT OCTOBER MEETING, 1903 

Dr C. porter-In the first place I should like to express my thanks 
t Dr Pakes and Mr Heymann for the slides they have shown, 
(l d then I would like to ask Dr Pakes to tell us where and 
~~w he collected the dust in the mine j whether he collected it 
suspended in the air, or whether it was settled dust from some 
surface. With regard to the mine dust, it would have been very 
interesting-but I suppose it would be difficult to do it here
if Dr Pakes could have shown us a comparison with coal miner's 
dust, which would have enabled us to judge of the relative sharp
ness of the particles, perhaps, better than anything we have seen. 
With regard to the street dust, when I saw these slides, I said to 
myself, "Thank God, the rain has come! " I think the possibility, 
of going on inhaling dust, even with only such indications of sharp
ness as those which Dr Pakes presented, is a very alarming one. I 
cannot help thinking more strongly than ever, from looking at 
these specimens of road dust, that a large proportion of this 
terrible scourge of pneumonia, which has caused such an exces
sive number of deaths during the last twelve months, is probably 
more largely due to the dust of the streets than anything else. 
I think it would be extremely interesting if Dr Pakes, either at 
this Society or the Medical Society, or both, would give us some 
demonstrations of the bacterial flora of the dust of the J ohannes
burg streets. I am inclined to the belief that not me~ely pneumonia, 
but a good deal of the dysentery and a considerable portion of the 
typhoid with which this town is periodically afflicted, may also be 
ascribed to the dust in the street, and that valuable information 
might be obtained from such a systematic chemical and biological 
examination of the dust. 

The President-I think I should like to ask Mr Heymann first 
how the dust was collected. 

Mr A. Heymann-The dust was collected by drawing a certain 
amount of air through an inverted tube, so that the heavy dust 
should fall and the fine dust collect on cotton wool, the amount 
of air passing through being calculated. As for the micro-photo 
of coal dust mentioned by Dr Porter, in Messrs Eckstein's labora
tory we have a collection of such photos, and if permission can 
be obtained, we hope to be able to show them at an early date. 

Dr W. C. C. Pakes-As regards the dust of the street, I explained 
when I showed the photograph j it was simply dust collected in my 
laboratory on the slide. I thought that was the fairest test, since 
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'70 Heymmtn: Gases and Mine~s Phthzsis tOCT.1903 

that was the dust which we in the laboratories were inhaling. The 
dust in the mines was taken from the ground, and the finest 
particles were brought into the laboratory and photographed. 
That is to say, the dust was carefully sifted, and even after
wards the sieved portion was shaken up so that we got it as 
fine as we possibly could. In reply to Dr Porter, in regard to 
the bacterial flora of the street dust, I am not permitted at the 
present stage to say what I know about it. Certain investigations 
are being undertaken, but the time is not yet ripe to make any 
assertion as to what has taken place. I do not know whether I 
should be in order in criticising Mr Heymann's slides of dust as 
opposed to mine before his reply. 

The President-I think it is only fair that you should have the 
opportunity. 

Dr W. C. C. Pakes-My photographs were taken of dust as it was 
actually obtained from the mine, and which was not incinerated. I 
suggest that some of the sharp spicules in Mr Heymann's specimens 
were owing to cracking during the pressure of incineration. 

Mr A. Heymann-May I reply to that ~ 
" The President~I should be glad if you would include that in 

your general reply. 
Professor A. Prister (taken as read)-I have read Dr Irvine's 

observations on this paper with great interest and pleasure, but 
not so those of Dr Macaulay, who considered some of the passages 
as being offensive to medical men; this intention should be ex
cluded, considering that the paper has been passed by our Com
mittee, and the writer congratulated by the President. 

When we discussed, cyanide poisoning, and were looking for the 
best antidote, nobody thought at that time that we were "tilting 
at medicine," a la Don Quixote. 

For my part, I ,agree completely with Dr Irvine's conclusion as 
to the cause, first, the dust, second, the unhealthy atmosphere. 

The most superficial observer will see at once the great difference 
existing between a Rand coal mine and Rand gold mine-not only 
the quality of gases, but also of dust. 

In using the strong explosives employed in the Rand 'mines, it is 
quite impossible to avoid the formation of carbon monoxide and 
nitrogen peroxide, produced by incomplete detonation" notwith
standing that the composition of the dynamite is calculated so as to 
have an excess of oxygen. 

, Dr'Irvine said that the chemical analysis of the lungs showed in 
the ash as much as 24 per cent. silica. An enormous figure! Yet I 
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OCT. 190:>] 
. Pyrites in the Lungs. 

Id P
ut a suggestion to Dr Irvine in" regard to the amount of 

wou . 
f 

ic oxide found m the lungs referred to. ..W e know that 
err . b f . Th the Rand banket con tams a out 5 ~er cent. 0 pyrItes. .ose 

rites are very friable, and there IS no doubt that .the drIller 
~ust absorb with the rock dust. also much pyrites, and, further, 
the doctor said that the man next to the machine suffered more 
than others. Do not the pyrites play here also an important part ~ 
The surface of the lungs is an ideal surface for oxidising the 
pyrites. The sulphur is transformed into sulphuric acid, which may 
be promptly neutralised, but, nevertheless, must liave a certain effect 
on the lungs. If the pyrites penetrate deeper in the tissues a 
reduction may take place, and sulphuretted hydrogen be formed, 
which is one of the strongest poisons. 

The quantity of ferric oxide found in the ash may give us an 
idea of the part played by the pyrites. 

I should like to suggest to the drillmen a very simple respirator 
which I used in Johannesburg on dusty days: Put a small quantity 
of cotton wool in the nostrils. (I am certain that not a single one 
will try it, because it is so simple.) Breathe as much as possible 
through the nostrils. Nature has provided us with such a filter in 
the shape of hairs, but they are insufficient. This" Pasteur's 
filter" retains even microbes! It will certainly retain most of the 
dust. When the filter is dirty, throw it away, and put in another 
small piece of cotton wool. For a shilling enough may be purchased 
for a month's use. If they will try it, they will be astonished at 
the enormous quantity of small particles which are prevented from 
penetrating into the lungs. 

Mr A. Heymann-The task I have before me now I consider to 
be one of the most important and responsible, and, therefore, most 
difficult that has ever fallen to my lot. It is not merely a reply to 
an everyday discussion, where it does not matter whether I fail to 
convince my opponents or succeed in making them accept my 
views, for in this particular instance I feel that a great responsi
bility rests upon me, and for this reason-that the matter is one 
of life or death. It is my duty, therefore, to place before you, as 
far as possible, all the "pros and cons" of this vitally interesting 
problem in the most impartial manner. To those who have taken 
my part in this discussion I owe my warmest thanks, and as those 
who were hostile to, my views were many, it will be necessary for 
me to answer them as briefly as possible, otherwise I fear that your 
patience would be exhausted long before the end. However, I 
venture to remind you th!lot this may be, in all probability, the last 
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72 Heymann: Gases and Mz"ner's Phthisis [OCT. 1903 

time the question of miner's phthisis comes before our Society, 
therefore I hope you will grant me a little indulgence, if only for 
the sake of our brother workers, the miners. 

My own work on this subject has not by any means been trifling, 
but the knowledge that possibly some good, however small, might 
arise from it has carried me through. My own patience, also, has 
been severely strained on those occasions when my medical 
opponents were administering their bitter pills, but the firm belief 
that naught but good can arise from this discussion assisted me in 
the act of swallowing. 

Before dealing with my medical opponents I intend to answer 
the other gentlemen who took part in the discussion. I must 
admit that it is quite true, as several remarked, that in writing my 
paper I was largely influenced by the results of our analyses. This 
was my foundation, and as an attempt has been made to show that 
this foundation is a weak one, I must first meet this accusation. 
Mr Cullen says that Dr Moir and I "have endeavoured to build a 
huge superstructure on a foundation which is far too weak to bear 
the load." That a huge structure has been built is quite true, but 
I do not think Mr Cullen has any objection to the actual building of 
a sky-scraper; it is the supposed weak foundations to which he takes 
exception. I think if we apply to our structure the name of eye-scraper 
instead of sky-scraper, or, still better, eye-opener, the designation 
would be more correct, for as such I intended the structure. 

The weakness of the foundation, Mr Cullen says, is as follows:-
1. There were not enough samples taken to justify us in forming 

any conclusion. 
2. Supposing even there were enough, Mr Cullen openly states 

that he doubts the correctness of their analysis. 
Both points are very important indeed. This is a very grave 

accusation. By saying this he not only condemns a part of the 
report of the Miner's Phthisis Commission, but also touches our 
reputation. For the sake of both I must give an explanation. 
The medical evidence and the result of our analyses were, I 
imagine, the main factors from which the conclusions of the Miner's 
·Phthisis Commission were drawn. And what do we see ~ Both of 
them more or less condemned. Now, Mr Wilkinson has condemned 
the statistical evidence. Dr Pakes has condemned auscultation. 
There still remain the chemical analyses, and all I can say is that if 
they are as shaky as the medical evidence the Miner's Phthisis 
Commission might just as well re-commence their sittings. 

Mr Cullen has tried to shake them, but I hope to show that 
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UCT. 1903J 
RespiJ1ls£bzlz'ty of Samplz'ng 73 

h 
re no valid reasons for what he says. I am really thankful, 

t ere a b' . f d h' t' . ay to Mr Cullen for rmgmg orwar t IS grave accusa lOn, 
maw, . ... 1 

I have noticed m the dIscussIOn a tendency amongst severa 
::ntlemen to discredit the results of the analyses, but, I presume, 
~ourtesy or other reasons held them back from an open challenge, a 
h llenCTe so fearlessly outspoken by Mr Cullen, and, I repeat, we 
~:st b~, and are, thankful to Mr Cullen for giving us this oppor
tunity to reply. By" we" I mean Dr Moir and myself, as we h?ld 
urselves responsible for the actual analyses, and we are not gomg 

~o shrink from the results, nor withdraw a single statement or a 
decimal point from our figures supplied to the Miner's Phthisis 
CommIssIOn. (I may here mention that all I am going to state her~ 
with regard to the chemical analyses I read over previously to Dr 
l\foir, and he fully endorses my statements.) 

Mr Cullen must have noticed in the report of the Miner's 
Phthisis Commission that the samples were, as a rule, taken by Mr 
Fergusson, Dcputy Inspector of Mines. On several occasions they 
were taken by Mr J. R. Williams, am·ongst them the notorious 
No. 969, which was taken ten minutes after explosion, and which 
contained 0'9 per cent. of carbon monoxide; when the second worst 
sample was taken Dr Moir was present, and only oncc I myself was 
present when sample No. 1156, of compressed air, was taken, in 
which no carbon monoxide was detected by us; also No. 1130,·a 
sample of dust in a raise when drilling a dry hole. So, strictly 
speaking, neither Dr Moir nor myself were responsible for the 
sampling; still less were we responsible for the conditions under 
which they were taken. All this, as well as the amount of different 
samples to be taken, was directed by the Commission, which, I 
presume, was again guided by the evidence forthcoming. The 
only active part we took in this respect was in preparing the ap
paratus and testing it before handing it over each time, occasionally 
making suggestions as to how it should be used, and then scrutinising 
it on its return. We then proceeded with the analysis. 

Mr Cullen and several medical men expressed the view that there 
were not enough samples taken. 

For this we are not responsible. Nevertheless, I might point 
out that the samples were varied enough both in time aIid place to 
allow of just conclusions being drawn from the average. Others 
have thought fit to draw conclusions from a very few pathological 
examinations. Why, then, do they cavil at .the number of examina
tions of the gases 1 

Furthermore, the samplers ought to be as "dead as nails," so 
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Mi- Cullen avers, also the miners. As this is not the case, hence 
,there is a screw loose somewhere. Mr Cullen is careful to bring 
forward three possibilities, and also very careful to leave out a 
fourth, perhaps the most important, namely, that the couditions of 
which my authorities speak were not fulfilled. Theil' names are a 
sufficient guarantee of their experiments, and I challenge Mr Cullen 
to verify them personally by the experiment of inhaling their 
maximum dose of carbon monoxide, and giving the Society after
wards, if he survives, the benefit of his research. As regards the 
sampler who took this particular specimen, I can inform you that he 
is still alive, and very much'alive, too, although just after the opera
tion, which took about one minute, he was brought to the surface 
senseless, in which condition he remained for some hours, in spite of 
every precaution having been taken beforehand to ensure his safety, 
and for the ensuing fortnight his health was by no means normal. 
This sample we owe to the courage and devotion of our esteemed ex
President. Miners, as a rule, do not enter a drive ten minutes after 
blasting. Mr Cullen may say that the amount of carbon monoxide 
actually present under" ordinary working conditions" is more than 
the limit I stated, but- the latter is not the maximum required to 
cause immediate death or to produce even" gassing." It is the amount 
which would be distinctly injurious to health if a miner were con
tinually exposed to such an atmosphere. As a rule, however, a miner 
is only exposed for eight hours, the remaining sixteen hours being 
left for him to recoup, to re-oxygenate his blood by breathing pure 
air. If he takes full advantage of the major portion of the day 
he might possibly succeed in expelling all the carbon monoxide 
absorbed during the minor portion j if not, a small fraction would 
remain, which would in course of time seriously impair his health. 

I quite a'gree with Mr Cullen that the' estimation of carbon mon
oxide,' when present in a complicated gaseous mixture, and especially 
in'sinall quantities, is extremely difficult, and I confess we had much 
trouble j nevertheless, it can, be done. Difficulties, however, are the 
'good fortune 'of scientific men, and the success of surmounting,them is 
generally a matter for congratulation rather than doubt or disbelief. 
Does Mr Cullen really believe that we lightly tackled these analyses 1 
-It is usual to base such statements on actual analytical experience 
rather than on academic knowledge. For example, we are told that 
the quantities of gases found are frequently below the experimental 
-error. This is quite untrue. As regards nitrogen peroxide, the old 
method of determination is useless for very small quantities, and we, 
therefore, invented a method sensitive to one or two parts per million. 
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s t rally the validity of this method was first checkE!d by means 
~ fa ~ artificial gas containing 0'1 per cent. of nitric oxide, and the 
o :rimental error was less than 1 per cent. of this, i.e. in the fourth 
c~~cc of decimals per cent. We were, therefore, entitled to use four 
Places of decimals in stating the results. The same applies to the 
Pew method of determining carbon monoxide, which we applied for 
~~e compressor air analyses, with the reservation that the error is 
always additive, because the bad contact between the gas and ,the 
solid in this method gives low results. , . , 

Of course, we know that nitrous acid oxidises, but we alBo know 
that in solution the oxidation is almost infinitely" slow. Has Mt 
Cullen heard of nitrites in wated It is quite possible that the 
samples contained a little more nitrogen peroxide just after collec
tion than when they were analysed, but that is not our fault,and 
he should not blame us for this operation of natural laws. We 
simply defy Mr Cullen to obtain different results under -the same 
conditions. While on this subject I should' explain that the reason 
why the first sample did not show nitrogen peroxid.e is that we had 
only the older methods of testing, and they were not sensitiveenough~ 
When Mr Cullen tells us that he could always get nitrogen peroxide 
when he wanted it, we can only infer that he used starch and 
potassium iodide paper. If so, no wonder that he always got the 
reaction, as that test, besides being sensitive to nearly 0'01 per cent., 
is given by other gases than nitrogen peroxide, and even by dirty 
fingers. Using the same test the samplers of the Commission some
times got the discoloration and sometimes not, which agrees well 
with our figures. That nitric oxide must be produced, as Mr Cullen 
stated, when carbon monoxide is, I cannot possibly understand. 
That would be quite a new achievement in chemistry if Mr Cullen 
could prove it. He might well allow that theoretical equation of 
his for the decomposition of nitro-glycerine to have a rest. It is 
becoming a fetish. Surely he knows that organic reactions are 
never quantitative like ionic ones, and that the decomposition of an 
unstable organic compound may occur in dozens of ways. For 
example, why should not the following equation be entitled to as 
much belief as Mr Cullen's fetish 1- -

C3H5(ON02)3 = 2C02 + CO + 3N + 2H20 + H + 02' 

It explains the facts very well. It is rather a step too far for 
Mr Cullen to say he does not believe a certain thing, or that it 
must be wrong, for the sole reason that he does not understand it. 

Now, as to No. 680 sample, the carbon monoxide was- merely 
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tested for with palladium chloride, as we were not ready yet with 
our measuring apparatus. We entered it as about 0'01 per cent. 
Mr Cullen has not seen, or has ignored, the word about, and com
pares this sample with another of a different date, a proceeding in 
itself open to question. Needless to say he arrives at his heart's 
desire, viz. to discredit' the analyses. It is like '" sacking" an 
assayer because his results vary from day to day. 

We freely admit the existence of experimental errors, and know 
those are greatest in the case of carbon monoxide, but in no case is 
the error greater than 0'02 per cent. (carbon monoxide), therefore 
the data are quite reliable enough to argue from as to the relative 
amounts of carbon monoxide due to blasting and to compressed air. 
'Ve once made a calculation from the amount of oil used per shift. 
The answer was 0'05 per cent. carbon monoxide from the oil on the 
assumption that it is continuously fed at the same rate. This 
easily leaves a margin for such values as 0'15 per cent., but we have 
never asserted that 0'15 per cent. is a normal value. 

As for the hydrogen, we were astonished by its quantity, but 
nothing more. If this gas had been an important or a dangerous 
one we should have drawn the attention of the Miner's Phthisis 
Commission to the matter, and on further investigation we might 
have found out the reason of its presence in such quantities. As it 
is, we really did not see the necessity. We saw no reason why the 
hydrogen should not have been introduced into t~e mine on that 
particular day. Mr Cullen's argument implies that the hydrogen 
came from the rock, and this we cannot accept. He asks how it 
was determined. This was done by observing the contraction on 
passing the gas after removing hydrocarbons, etc., over palladium 
asbestos. Having got this contraction we could only ascribe it, 
as is generally done, to hydrogen and calculate accordingly. If 
Mr Cullen thinks that this contraction might have been due to 
something else, some other gas, we should feel extremely obliged if 
he would inform us, and I venture to say that this information 
would rank in chemical science as a great and noteworthy achieve
ment. In any case, it must be remembered that our business was 
to analyse, not to criticise the samples, and this analysis we tried 
to carry out in the most conscientious manner of which we were 
capable. We used all known methods of analysis, and special stress 
and care was always devoted to the carbon monoxide and nitric 
oxide determinations. Sometimes, if doubts arose, we had two 
sets of apparatus working simultaneously, and the results each of 
us obtained were identical. Then ~nd then only we felt convinced 
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hat our figures were correct. Mr Cullen objects to our calcula
~. nS. It would have been better, and, I believe, it is usual in such 
l~es to begin first with the data on which they rest. 

ca , d' I . The statistics he quotes on nervous IS ease of coa mIllers are 
easily explained away on two grounds; (1) The coal mines are 
excellently ventilated from fear of explosion j (2) nervous disease 
afford much scope for mistaken diagnosis. If Rand gold mines 
were ventilated as well as coal mines, miner's phthisis would soon 
be a thing of the past. 

If I had not more important matters to deal with to-night I 
might answer the contribution of Mr McArthur Johnston at some 
length, as it gives plenty of scope for a "jolly" reply, but I shall 
deal as briefly as possible only with one or two points to which 
Mr McArthur Johnston seems to attach some importance. He 
states that he cannot see where my authorities start and where I 
finish, and instances two points I mentioned, namely, the expulsion 
of carbon monoxide by oxygen and the diminution of the poisonous 
action of carbon monoxide with increase of tension. It is true that 
I did not quote any authority for these examples of the operation 
of ordinary physical and chemical laws. They are indisputable 
facts, not requiring me to explain them when talking to chemists. 
As to his expressed idea that it was wrong of us not to catch the 
heavy dust, Dr Moir has already so ably cleared up that point that 
I think by now Mr McArthur Johnston understands why we did 
not do so, and why it is not necessary. Further, he devotes much 
time to a defence of the medical profession, against whom he fancies 
I have a personal grievance. I think it will be self-evident to those 
who have followed the discussion that the medical men are quite 
capable of defending themselves, and as for personal grievances 
nothing could be further from the truth than such an idea. 

Dr Pakes afforded me much amusement by his remarks on my 
paper, but, as has been said previously by Mr C. H. N. Williams, 
he wanders aimlessly from the point at issue. He makes attacks, 
but upon what 1 Often merely a phrase or even a word only which 
I may have wrongly translated from my own language, but which 
does not alter the sense of the passage and still less of the paper. 
For the word "eruption" read '" rupture' of the vessels," and 
after" decubitus," which, in plain English, means" bed sores," read 
tlie word "leading," which was omitted. Dr Pakes devoted most 
of his time to quoting expressions used by me, which he thinks 
would be quite unintelligible to the "lay" mind, for whose infor
mation I stated I wrote the paper. May I remind Dr Pakes that 
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although the majority of us may be laymen as far as medicine is 
concerned, we are not a society of shoemakers or cabmen, and 
possibly physiological chemistry may not be an unknown study for 
chemists, to say nothing of toxicology. Dr Pakes (and Dr 
Macaulay as well) will,. therefore, be able to understand that 
although I used the word "laymen" it was simply modesty on my 
part, and, in fact, the medical expressions used by me are not so 
strange to us as, for instance, the Chinese language or as some 
chemical formulre might be strange to an everyday practitioner. 
For the reaso'n just explained I most certainly protest against an 
utterance of Dr Macaulay, that we should confine ourselves' to 
analysing the gases or' whatever there might be to analyse, and 
-leave to them to judge and so on, or, in other words, "mind your 
own business." This is not the broad view a scientific man usually 
t~kes, but, perhaps, Dr Macaulay is the exception which proves 
the rule. These matters are just as much chemical as medical, and 
I claim we are just as well entitled to express ari opinion as the 
medical man.. Were this principle not generally accepted, as Dr 
Porter truly remarked, what valu,e would the work of Pasteur, 
-Frankland, and others have ~ Moreover, it is particularly strange 
.and contradictory in Dr Pakes that no sooner did he express that 
view, than he goes and asks me-a layman, from whom he does 
not expect any medical knowledge~to explain to him a question 
which is more medical than chemical, viz. how a deficiency of 
oxygen could cause gangrene. He says it would be extremely 
iriteresting to him and several members of his profession to know, 
and so on. It might be interesting and new to Dr Pakes, but I 
am certain it is nothing new to the medical profession. It wants 
only reasoning. Anyhow, for the information of Dr Pakes and 
several others, I will endeavour to elucidate this point. As' soon 
as there is a deficiency of oxygen in the air which is being inhaled 
.by the lungs, there will be, of course, a deficiency of oxygen in the 
blood, and through this all the tissues of the body, including the 
blood vessels, undergo certain pathological changes (as, for instance, 
fatty degeneration), and as soon as the blood vessels are degenerated 
,there follows gangrene of the tissues, which are supplied with 
blood too poor in oxygen to resist the action of the bacteria of 
decay. Certainly, the first parts of the body to be affected by 
gangrene are those which are more subject to outside injuries, or 
those which' are furthest from the heart. At the same time, I 
would remind Dr Pakes of the fact· that the blood in this case is 
not only poor in 'oxygen, but saturated to a certain extent with 
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bon monoxide. Now, from this Dr Pakes will be able to see 
c:

r 
t the Gordian knot of gangrene is easily loosened. The affinity 

~f a carbon monoxide for hre~oglobin is ,~ell know?, a~d I m~~t 
tiike exception to Dr Pak~s stat~ment (Ill the MIller ~ P~thISI~ 
Commission Report) that Its affimty for carbon monoxIde IS 140 
times greater than' for oxygen. He is absolutely wrong in that, as 
the affinity is 200 times greater, or, to be precise, 199'6 times, 
according to last year's determination by Gustav Hiifner (in the 
Archiv fur Exper. Patkol. u. Pkarmacie). Now, if Dr Pakes had been 
aware of this fact he might have attached more importance to 
carbon monoxide than to give it only a second place in the question 
of miner's phthisis. 

Concerning the dust so much has been said already that 1 need 
but add a few words. By now, I hope, the previous speakers, as, 
for instance, Mr C. H. N. Williams, have made Dr Pakes give up 
his old idea that the dust· held in suspension in the air in the 
streets of Johannesburg and that of Pretoria are alike, and have 
shown him the fallacy of using" analogy." I take this opportunity 
of confirming Dr Moir's statement, that when examining micro
scopically the fine dust we caught in the streets of Johannesburg 
we found it to be identically the salIle in physical structure as the 
dust held in suspension in the air ~f mines; it is just as angular 
and sharp. The slides which you have all seen to-night of this fine 
street dust speak for themselves and need no further comment. 
Here I have a few photographic: prints made from the same 
negatives by Mr C. H. N. Williams, which you can see now. As 
to its quantity, we find that it is not much less than the quantity 
found near the rock-drills. We have recently made a fresh 
determination of fine street dust, taken in Marshall Street on a 
rather dusty day in September. The quantity of fine dust was 
0'026 grains per cubic foot. This time, out of curiosity, we 
also determined the heavier dust. caught in a horizontal tube at 
right angles to the wind. This came out at 0'27 grains per cubic 
foot, nearly twice as high as the highest mine samples. It should 
be noted that in the case of the first dust sample in the Commission's 
Report no separation of fine from heavy dust was made. This was 
why it gave the highest value. 

Dr Pakes has repeatedly stated that, as we are investigating 
miner's phthisis, and ·as miner's 'phthisis is silicosis, we must deal 
with silica only and exclude the question of gases or anything else, 
as we are not investigating the diseases from which miners die. . 

-The .sooner he gives up this idea ·the better. The very Report 
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of the Commission ought to convince him that that is not the case j 
that the investigation was on the excessively high mortality from 
a lung disease amongst the miners, which was generally and popu
larly (I repeat, popularly) called miner's phthisis. Whether rightly 
or wrongly is quite a different matter, but so it was caIled_ Further, 
we read in the Report, part i. page 7: "The collection of reliable 
data as to the prevalence of ,this disease, as existing in the Trans
vaal, has not been the subject of special attention, nor have the 
clinical and pathological conditions been clearly defined until quite 
recently." Let us hope, therefore, that since it is now defined 
clearly what miner's phthisis is, other diseases which formerly 
found a refuge under this name wiII have their proper attention 
and classification. 

Dr Macaulay challenges me to tell him who restricted miner's 
phthisis to silicosis onlY;,and would not even discuss or associate ga~es 
with it, saying that neither he nor Dr Irvine, or any other medical 
man he knows, did so, stilI less the Commission. The above ex
planation just given about Dr Pakes ought to answer this challenge. 
Dr Macaulay says, further, that they cannot but feel grateful to 
me for bringing forward such a mass of useful data, but there was 
nothing new in them. Just so! I have never claimed originality for 
'these data, but merely utility. I may remind Dr Macaulay that the 
action of potassium cyanide on gold was known forty years before it 
Was found practically useful. Yes, it is just those old things, those 
half-forgotten old things, which it does one sometimes a world 
of good to be reminded of. Again, he takes exception to the 
metabolism of the frog being, as I said, abnormally high. It is, 
again, a pitfall of the English language which led me to this 
expression. Instead of "abnormally high" I ought to have said 
" highly abnormal," which reading leaves my statement intact. 

Dr Macaulay questions my statement that carbon monoxide 
'charged blood corpuscles become, so to say, "incorporated" in 
the liver. " Incorporated," he says, signifies" to become part and 
parcel of." Well, commercially speaking, perhaps, but not scientifi
cally, not chemically. He said, if I could prove this to be so, 
it would not only support my theory, but would prove a most 
interesting curiosity to pathologists. I will answer Dr Macaulay 
by referring him to page 526 of Professor Kobert's work on 
poisoning, where he distinctly points out this to be the case, and 
'says, further, that those who say the contrary are depending on 
erroneous observations. 

,:, I must admit that I find the greatest difficulty in answering 
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. 11 the points raised by my medical opponents, and this for the 
.t. Ie reason that their statements are often so contradictory that 
~t~:really difficult to make out what opinion is generally accepted 
Ii l~ . 
1)' them, for they are by no means unammous. One tells us he 
.J lId hear the dullness very clearly, and he would lay great stress 

101 that part of diagnosis. The other says no j it gives definite 
I~nsults. The third goes still further, and says he was even surprised 
~I~ notice the absence of the dullness in cases of miner's silicosis. 
Whom are we to believe 1 

Then, again, Dr Pakes says miner's phthisis is silicosis. To 
I uote his own words: "Miner's phthisis is as specific a disease and 
/itIe as cyanide of potassium. It is a particular form of disease 
which is caused by silicious particles being deposited in the lung." 

Dr Macaulay, on the other hand, says that it "probably did not 
occur to me that the term 'phthisis' is a very precise term, with 
olle very definite meaning-consolidation of the lung tissue without 
reference to the cause of that consolidation." Since Dr Macaulay, as 
well as the other medical men, acknowledged that consolidation of the 
lungs could also be caused by gases, then, of course, I have to with
(lrawmy statement that many deaths which might have been caused 
hy ordinary gas poisoning were attributed to miner's phthisis, and, 
therefore, the death certificates were not correct. I did not mean 
that they were wilfully incorrect, but it was simply a case of mis
taken diagnosis. Of course, if we take Dr Macaulay's statement 
fur what it is worth, then both types of consolidation are practically 
I.overed by the name of miner's phthisis, whether the person died 
of silicosis or gas poisoning. But as miner's phthisis is now defined 
Lo be silicosis, the words "died of miner's phthisis" will not cover 
all sins. I will return to this presently, when dealing with Dr 
It'vine's contribution. 

Almost in every instance when a medical man began to speak he 
fully endorsed everything his colleagues said. Nevertheless, as soon 
as they enter into details, their paths seem somehow to diverge. 
There is, for instance, Dr Fraser. He began with the usual 
etiquette, and then told us how different were his views, in that 
during his experience he concluded that the main cause of the 
Illortality was due to gases. He was the first to call our attention 
to the fact that a miner's life here is seven years, and a stonemason's 
or ganister miner's is twenty years. Both breathe dust the same 
ill physical structure, and, I dare say, in amount j but they do not 
breathe the gases. Therefore, two-thirds of the mortality is due 
tl) gases. He also stated that fibrosis can be caused by gases only j 
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that gases will also cause bronchial and pneumonic changes-all 
very important factors which the doctors here use for diagnosing 
silicosis. Another important fact he stated was that when a post
mortem is held the difference in pathological appearance in the 
lung of a stonemason and a miner's lung here is fairly marked. 
To what is that due, I would ask 1 Further, he stated that the 
marked tendency to break down is very different in the miner's 
lung here to what it is in chronic affections produced from the dust 
in other trades, and the difference, he rightly thinks, is due solely 
to gases. What I cannot understand is why Dr Fraser, holding 
such an opinion as just expressed, could not make up his mind 
what that "obscure wasting disease" was he had under his 
treatment and narrated to the Commission when giving evidence. 
The symptoms of this "obscure wasting" disease must have been 
very indistinct and conflicting, since Dr Fraser could not make up 
his mind as to what it was. Since I have brought forward the data 
of acute and chronic gas jJoisoning it may, perhaps, be possible that 
in future this obscure wasting disease will get its proper name. 

My most difficult task I have left to the last, my reply to Dr 
Irvine, whom I hasten to thank for his able and scientific contribu
tion, and for giving us his opinion as a scientific man to a scientific 
society. 

Dr Irvine starts his criticism on my paper with about the follow
ing words: "I shall give you an idea of what in my opinion (and 
the present opinion, I believe, of most of my colleagues) is the cause 
of the excessive mortality amongst the miners on the Rand . . .," 
and he gave us a very able paper, a description of some inter
esting researches he has made in connection with this vexed ques
tion. I congratulate him on his energy and the amount of work, 
which I happen to know he did not spare, to bring light into this 
darkness; but I fear, while endeavouring to do so, he lost sight of 
his original aim, viz. to investigate into the cause or causes of 
this excessive mortality, and somehow took a turning into a small 
lane, devoted his whole attention to one small branch, to silicosis 
only. He gave us a full description of it, just as we find it 
described in medical text-books under the heading of dust diseases, 
and afterwards, by comparing the pathological appearances, 
microscopical and chemical examination ;1nd clinical· symptoms 
described in these text-books with the disease as it appears here, 
comes to the conclusion that the excessive mortality amongst the 
miners is due to silir.osis. There is only one omission which Dr 
Irvine, as well as the others, has made, but this is a very important 
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. II did not in vestigate whether the pathological occurrences 
ollU, e h' h h d' "b d ld b 

1 
.1' ical symptoms on w lC t e Iagnosls IS ase cou e 

'llli c In h" tl th ' h' h I h :Iuu also to other causes, T I~ IS exac y ~ POInt W ,lC ave 

I
_ p and am trying to brIng forward j In fact, thIS was the 

til ,en u , 
'j I obJ'ect of my paper, The very fact that there are' some 

\I 10 e h h d' 'I d' 
I
'll' nces between the p enomena ere an SImI ar Iseases at 

I 1 ere f h' " b h' h ought to have led them to urt er InVestIgatIOn, y w IC , 
hollle 'h h 'd d'.a' 'j s the medical men mIg t ave arrIve at a Iuerent 
I'I~I Jap , 
1li:I:ision, viz, that although some, or, perhaps, mos~ of the 

carances here are the same as the text-books descrIbe under 
;J.]If1 hI' , f T' I dil"t diseases, nevert e ess, It IS not a case 0 pure SI lCOSIS, 

'te agree with a good many statements made by Dr Irvine, as, 
'iill , .. 
fOl' instance, that no medIcal man has the slIghtest dIfficulty of 
lIi1dcrstanding that dust can cause a disease, No less has any 
ot Jll~r intelligent man j nor would I be foolish enough to question 
tiInt sections of lungs from patients who had died of silicosis 
woper and of tubercular phthisis were different; but before Dr 

Il'vine, or any other pathologist, could.make his sections to see from 
wJtnt the patient suffered, the particular patient must first die. Dr 
Irvinc doubts whether the humber of our analyses of gases (he 
does not speak about the dust samples) were sufficient to justify 
II" in drawing conclusions. He certainly thought it sufficient to 
dl'aw his own conclusions from "several "-which, I believe, in 
plaill English, would not mean above three or four-pathological 
examinations. No more did he have any qualms of conscience in 
dl'awing his conclusions from one solitary chemical analysis of a 
I':,.ir of lungs. Of course, they also had in their possession some 
elillieal observations, and this was the huge foundation they built 
LiIuir opinion on. Of what value the clinical observations are we 
hlr:dl see later on, As for the chemical analysis of the lung of the 
11I:1Il who was supposed to have suffered and died of silicosis, they 
did not even take the trouble to have another analysis of a healthy, 
I{{wmal lung made for comparison, To come back to our gas 
IIl1alyses, Yes, we made a few, but, as they are in number at 
it::LHt thrice as many as his pathological examinations, Dr Irvine 
TlllIHt admit that we are entitled at least quite as much as they 
({) draw our conclusions, I have substantiated our analyses, 
Now let us see whether the medical evidence for silicosis is as 
weighty as they think. Taking for granted a thorough post-martem 
is Illade, what do the medical men claim to see to diagnose silicosis 1 
(I) A development of fibrosis j (2) a chronic catarrhal change, I 
'jliito agree with them that this can be caused by silica, but, on the 
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other hand, it can also be caused by gases. When I put this 
qucstion to Dr Macaulay at the first discussion he admitted that. 
Besides, we can see it from the Miner's Phthisis Commission Report, 
where he and also Dr Irvine admitted in cross-examination that 
gases' without dust can also produce and maintain catarrhal changes 
in the bronchi and air cells as actually.found in a miner's lung, and 
that it would be impossible to tell for certain whether all this was 
caused by only gases or by silica; further, that gases can cause 
broncho-pneumonia and fibrosis. Since this is the case we can well 
see that this part of the examination, at least, is of no value for 
ascertaining whether gas or silica was the primary cause of death. 
Further, there is the microscopical examination where they are able 
to see particles of silica in the lung'. I quite believe that, but I 
also believc, as a matter of fact have absolute proof, that if they 
will take the trouble to examine microscopically the lung of an 
ordinary Johannesburg resident, who has lived here for some time 
and whose lungs did not trouble him in the least, they would dis
cover the same phenomenon. "Bu~ what is the use of arguing, my 
dear fellow," they might say, "here is proof for you. We procured 
the lungs of a very typical case (to use their own words) of miner's 
phthisis who was far gone, and we caused a chemical analysis to be 
done, and just fancy what was found !-24 per cent. of silica in the 
ash. Just fancy, 24 per cent. of pure dust. Is it not enough to 
kill anybody j is not that enough proof that the miners are killed 
by this dust, especially if you will bear in mind that this silica is 
hard, very angular and sharp edged 1 " We do not require a doctor 
to tell us that such foreign matter can do no good to the constitution, 
but it is quite a different thing when they try to persuade us that 
a man can live only seven years (the average) if continually inhaling 
such dust. Such a statement is far too important to pass without 
further comment. It is not merely that I do not believe myself in 
such a statement, but I wish also to show you, to prove to you, to 
prove to the very men who pronounce this verdict, that they are 
greatly mistaken. This was my endeavour all along. The total 
silica which was found in the lung of the far-gone case of silicosis 
was 1'214 grms., that is, in one lung. This amounts to 24'4 per 
cent. of the total solids left after incineration. The total solids of 
the second lung were, as is stated in the report of the Transvaal 
Medical Society to the Phthisis Commission, 2'28 grms. Now, 
assuming even this contained as well such a high percentage of 
silica, namely 24'4, that would give us 0'556 grms. j therefore the 
total silica found in both lungs was 1'770 grms. Very alarming, 
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(ill'. 1903] 
Silica in the Lungs . 8S 

. I d if 1'5 grms. distributed all over both lungs should kill! 
III( ce they compare this with ari analysis of a ganister miner's 
I [ere . h done at home and in which was found the same 
Illll~, whlC was 

tage of silica. But they have omitted one little thing, and 
'I'reen 
I t's while here it takes seven years to kill, it takes twenty 
IlIa \~ kill a ganister miner" so evidently it is not this silica that 
I'('ars h' . ht t k d f th ., 'ldIlH! I have thoug t It rIg 0 rna e goo ~ne 0 . e omls~lOns 
f the medical men. I have been successful m gettmg a pall' of 

'I' s from an ordinary Johannesburg resident, whose occupation 
illig 
" . office work, who came to Johannesburg seven years ago, so 
"~ . " ctically he lived here four years, takmg off three years of war. 
1'1.1 • d h bl d . h h' 110 had never been on a mme, an e was not trou e WIt IS 
II1lIgs nor anything else. As a matter of fact, he was perfectly 
lil'althy, and died accidentally. That was just the very sort of 
111I1"S I havc been wanting for months. I have submitted these 
IIJ[I~s to a chemical analysis, using the same methods as when 
:IIlSysing the lungs for the Transvaal Medical Society, and the 
('I 'suIts obtained were even more surprising than I expected. It will 
11(: of interest to the medical men to know that the total silica obtained 
fl'lJm both lungs was l'3t grms. Compare,' now, this with the 
lotal silica in the lungs of a man who was suffering typically from 
"ilil:osis, viz. 1·77 grms. You will see that it is almost the same 
alllount. It is 15 per cent. of the total ash on incineration. As to 
ils physical structure and sharpness you can judge for yourself 
II lion you recall the slides shown to you with the lantern at the 
III'ginning of the evening. Here are again some photographs taken 
11'y :\Ir C. H. N. Williams and Dr Moil', when the slides were put 
1I11llor the microscope, and magnified 90 and 630 times respectively. 
lI'hon you compare these photographs of the silica obtained from a 
1IIIIg of a Johannesburg resident with that obtained from a silicosis 
,'aSII, then with the fine dust in the streets of Johannesburg, and 
I Ill: same underground, no difference whatever could be detected
limy are all sharp, angular, and saw-like. I shall be happy to 
I:xliibit the original microscopic slides to any medical man who is 
iJlLI:rcsted. Dr Pakes has made the objection that incineration 
Illight have caused some of this sharpness through causing fracture 
of the particles. In the case of the lung dust it was obtained 
without incineration, the organic matter being destroyed by nitric 
:1I:id. As for the street dust, it was incinerated at a heat just 
I'llough to burn the cotton away, and was then slowly cooled in the 
dll;;iceator. In any case, the particles are far too small to break 
f('oIll irregular expansion. 
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The above data, in conjunction with my former arguments, 
support my firm conviction that, fortunately, it is not this dust 
which kills in seven years, but it is principally the noxious gases. 
Noxious gases are the cause, the primary cause, of this disease, 
which was generally or "popularly" called here" miner's phthisis." 
Having dealt with the pathological, microscopical, and chemi.cal 
parts of diagnosis, there remain only the clinical symptoms, and if 
I am able to show that they are just as deceptive as the others and, 
therefore, may not be ascribed to silica alone, then the whole diag

. nosis of silicosis in the presence of noxious gases is worthless. Dr 
Irvine says that "to any medical man with reasonable experience 
a characteristic case of miner's phthisis presents a concrete clinical 
picture which is unmistakable." Against this we read in the report 
of the Miner's Phthisis Commission (part i. section 10) that the 
statistics of sufferers from miner's phthisis cannot be absolutely 
reliable on account of the difficulty in making a diagnosis, especially 
in cases which do not present any distinctive features. Again, on 
page 9, section 12, "the evidence brought forward by medical 
witnesses as to the difficulty, and frequently impossibility, of diag
nosing the disease in its early stages is striking." 

The general clinical symptoms which would make the doctor 
believe that the man suffers from miner's silicosis, according to 
the report of the Transvaal Medical Society, are: (1) Recurrent 
bronchial colds-this, we know, need not be caused by silica only j 
(2) gradually, as the disease progresses, shortness of breath j (3) 
cough, spit j (4) gradual loss of weight and strength and more 
urgent breathlessness, all of which can be due solely to gases. 
And I challenge any medical man to define whether the above
mentioned symptoms are caused by silica or noxious gases. W' e 
have yet percussion and auscultation. This they themselves stated 
give indefinite results. They say, further on, that the effects of the 
disease are firstly confined to the respiratory organs j then follow 
secondary disorders of the heart, liver, stomach, kidneys, etc., as 
late accompaniments, and yet when I mentioned all those diseases 
as being caused by carbon monoxide poisoning, Dr Macaulay said 
he does not see what that has got to do with miner's phthisis. I 
must know nothing about it, either pathologically or clinically, if I 
associate them with miner's phthisis! 1 really have never come 
across such a mass of contradictory statements. Dr Macaulay calls 
upon me to either withdraw or substantiate my statement that 
unless a post-mortem is held it is impossible for the medical men to 
say for certain that that person suffered and died of miner's silicosis, 
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(lCT. 1903] 
Diagnosis and Death Certificates 

1 tb 
efore if he did not do so, many death certificates which 

'ITlf cr, d f . , h h' ." . h h b ' 'th inscription" die 0 mmer s p t ISIS mig t ave een 
1,orc c . h' I . th f ., I He says by saymg t IS, am accusmg em 0 a CrImma 
\I rong.' 'fi I of issuing false death certl cates. would be very sorry to 
dl:lrge . . d h b f h' b I' f I I am certam they were slgne to t e est 0 t elr e Ie ; 
tlo so. I . . I . 

. t . ly not wilfully false. t IS simp y a case of "mistaken 
,'(II tun . . 

:, "1 sis." All the symptoms the medical men brought forward 
dl. ln T 0 f . , '1' . h th , ll'agnosing a case 0 mmer s Sl ICOSIS, weer ante- or post-
tor ( . 

'fem can also be due to gases only. Other symptoms peculiar 
II/OJ , •• 

"as poisoning I have shown would be extremely difficult to detect 
t,o'f~pt in acute poisoning, and in face of all this I think I have 
I x ugh evidence to say that a chronic gas poisoning might have 
I'JlO • • • 
1'0011 put down to miner's phthiSIS. I did not go so far even as 
, well-known English authority', Dr Ogle, who said: "Owing to 
;\w loose way of the doctors of certifying deaths, many deaths 
I'/'lfistered under the name of miner's phthisis should really be 
I'1,7.istered under one or other of diseases of the respiratory organs." 
III conclusion, I will say that it is no argument that Dr Irvine 

brought forward that he cannot see how they could allow the 
lloxious gases more than a second place, because at the time of sub
lliitting their report they had no data to go upon, and they did not 
kllllW the nature or quantity of gases present with the exception of 
,1I1Il0 theoretical data. Of what value theoretical data would be 
ill the decomposition of organic compounds I showed at the begin 
llill~ of this paper. This statement of Dr Irvine's alone is enough 
Co provo that ho investigated the matter from one side only. They 
1t:110 been investigating the harm silica can do when inhaled, 
IIIIl, not what are the chief cause or causes of the excessive mortality 
allillngst the Rand miners. 

'1'0 put everything in a nutshell: stonemasons and grinders and 
'" 1111 work in a similar dusty surrounding. The same amount of 
.silil'll is found in their lungs, and still they live twenty years at 
till'i,' work, while Rand miners live only seven years. Why 7 No 
gaSf:H in the first case. Men working on tailings heaps, where the dust 
is :1 great deal worse on a windy day than close to a drill, do not seem 
til H1Jifer from miner's phthisis, no more do we ordinary Johannes-
1IIII'g inhabitants, who breathe almost as much, and sometimes 
111111'0, dust than miners, and that too of the same physical structure. 
Millflr's phthisis is not prevalent amongst us, thank God! Why~ 

1I"nlluse there is no chance of making a mistaken diagnosis. 
'1'1"'1'0 are no noxious gases present the poisoning with which 
CUIII(\ he attributed to miner's phthisis. As I said already in my 
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first paper, have proper ventilation and use water, by all means, 
when drilling, and we shall not hear further of the prevalenee of 
miner's phthisis. Only a suggestion ought to be made to the 
authorities controlling the mines, and I am sure they would be only 
too pleased to remedy it. 

I wish now to thank our guests, the medical friends, in so readily 
coming forward to discuss my paper. Whether they have convinced 
us with their arguments, or whether they will come out the wiser by 
listening to ours, is a detail from the personal point of view. The 
main point is, I am sure, that some good and benefit to the general 
public-more especially miners--'--will come out of it, as plenty of 
points have been brought forward which did not have proper 
attention paid them before. Even if some bitter words have been 
exchanged between us, the satisfactory knowledge that it has done 
some good ought to recompense us all. It is, after all, only for the 
sake of science, for the sake of humanity. 

The President-In rising to congratulate Mr Heymann upon the 
able way in which he has answered the discussion on his paper, I 
may say it was my intention to have spoken a few words on the 
subject, but after hearing what Mr Heymann has said I am not 
sorry to see that it is too late to do so. I think it is a subject of 
far too great importance to be allowed to remain where it is 
without some sort of summary and comment on it, which will 
appear later. 

REVIEW OF THE DISCUSSION ON MR HEYMANN'S 
PAPER 

CONTRIBUTED BY THE PRESIDENT 

In reviewing the above discussion, which has proved the most 
animated we have had since the war, and during which our visitors 
and members have kept up the reputation of the Society for giving 
and receiving hard knocks, there are four things to be considered: 
the subject matter, the matter of discussion, the reply, and the 
conclusions we have to draw therefrom. 

In regard to the first, the author of the paper, in view of certain 
information gained from analyses regarding the nature of the air of 
the mines, formulates a theory that the gases nitrogen peroxide 
and carbon monoxide, particularly the latter, playa more important 
part in the development of miner's phthisis than has hitherto been 
admitted by the medical profession (so far as he knew), and in 
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nCT. 1903J 
A rgum,ents and Conclusions 

t thereof he quotes many authorities on the matter of gas 
Kllppor h h . . logy and their effect upon t e uman system. 
loJ(lCO d" h t d t" k t In regard to the I~cussIOn. t.a ensue, excep I?n IS ta e~ 0 

of the points raIsed, prmCIpally by the medIcal professIOn, 
many h' d th f d' . . 1 disagree with the aut or m regar to e matter 0 IagnosIs 
,'I 1~ clinical systems and of the alleged similarity of effect to other 
.11~1~ ases. The physical character of mine and other dust is dwelt 
I 18e • f ,. t ., 1 

I as is also the questIOn 0 stonemason s, gams er mmer s, stee "pOl, . . 
"rimIer's, and other trade dIseases. Further, the data on whICh 
~IO whole matter is based, the analyses made of the mine air, are 
"latcd to be open to question. These practically comprise all the 
. r"uments brought up . 
• \ h 

In the matter of the reply the author argues :-
(1) That he bases his theory upon samples taken under varying 

1"IJlditions and places, and submits that they are sufficient to justify 
('!lnclusions. He also gives data in support of his analytical 
lliOthods. 

(2) Quotes Dr Ogle and Miner's Phthisis Commission . Report in 
'''pport of his allegation in re diagnosis, etc. 

(:3) By screen demonstrations he shows samples of dust from the 
II line, street, and from a healthy lung, that have identical physical 
(·11 a racters. 

(4) Shows the amount of silica in the healthy lung to be nearly 
:IS much as that in the typical case of silicosis. 

(") Shows further that the difference between ganister and Rand 
Illiller's life is inexplicable, except by gas poisoning. 

III regard to the conclusions we have to draw from the matter 
1IIIdor discussion, they can certainly be summed up, though rather 
slllJl'tcr than we should like, as under:-

(I) That the knowledge gained of mine air under varying con
dililllJS has only been sufficient to formulate a theory, and not to 
draw definite conclusions. 

(:!) That history repeats itself in the matter of knowledge having 
I" 110 gained in new diseases as in everything else. 

(:1) That street dust constitutes a more serious danger than has 
prlllJably been previously suspected. 

(I) That the amount of silica in lungs, as instanced by the 
;;:lllljlles given, is in determinative of silicosis, being a single instance, 
:llill is a dubious line of argument. 

(.i) The alleged short life of a Rand miner is also indeterminative 
ill:lKlIluch as no data are given of the time the miners worked i~ 
;;illlilar business elsewhere. For instance, the typical case given 
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contains iron and manganese, a clear proof thc disease was started 
elsewhere. 

It might be further stated that the paper was written before the 
publication of the Report of the Miner's :phthisis Commission, which 
has since robbed it of a good deal of its original interest. This 
body had before it all the analyses given and quoted, and were so 
able to weigh up evidence not available at the time of our first 
discussions, and whatever pathological interest there may be in the 
relative importance of either dust or gas in the genesis of the 
disease, in which both appear to have a share, nothing has been 
educed that in any way adds to or detracts from the practical 
recommendations of the Commission as summed up' in par. 71 of 
this most interesting and valuable report, which includes the 
matter of ventilation and dangers of exposure to foul air. 

The discussion that has been contributed by the medical pro
fession is gratefully appreciated by the Society, which is aware of 
their indebtedness to them in coming forward to give us their 
views upon this weighty subject; and it is hoped that they will 
understand that the expression of views other than their own has 
been made in good faith, and with the one object of obtaining 
further knowledge. 

Mr Heymann is to be greatly commended upon the immense 
amount of research and labour he has expended upon the subject, 
and for the courageous manner in which he has expounded his 
views, and it is only by such self-abnegation that our know
ledge can be extended in new paths j and if he has taken an extreme 
view of the part that gases play in this disease, or family of 
diseases, he has given reasons and data that cannot be entirely 
ignored, and his demonstration of the physical character of silica 
in a healthy lung is certainly a matter of new evidence gained, and 
he may be assured that the value of his work is fully recognised 
and appreciated. 
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III 

SYSTEM OF CRUSHING ROCK IN STAGES BY WET 
.\ PROCESS, AND SUGGESTIONS AS TO HOW THIS 

OBJECT CAN BEST BE ACHIEVED 

By EDWARD D. CHESTER, M.AM.I.M.E., M.I.M.E. 

(Read J7tly 4, 1903) 

PART I 

()N the Witwatersrand Goldfields the present method of crushing 
rllck is by means of the gravitation stamp, and I understand 
t hat the size of screen used varies from 600 to 900 holes to the 
ol!1lare inch. 

Doubtless everyone who is handling these stamps is aware of 
t hc fact that by trying to reduce in one stage the material, say 
f!'Om It inches cube to the necessary size to pass through the above 
spccified screening, one is at the same time dealing with particlcs of 
llrc varying from Ii inches to 1-1000th part of an inch in diameter, 
:LillI as it is well known that if a stamp is set with a 9-inch drop, 
directly the stamp gets to work one only obtains about 7 i-inch 
dmp. It is, therefore, evident that there is a pack between the 
shlle and die, and, consequently, the smaller size of material is 
"imply crushed by the impact of one particle on another. This is 
tllc reason why slimes are produced. Furthermore, owing to the 
lIIortar-box containing a multitude of dift'erent sized particles the 
dL'I:harge of the particles sufficiently small to pass the screen is 
illl pcJed, and, consequently, these particles are retained in the 
IIll1rtar-box, and are continually re-crushed, further causing slimes. 

With the object of determining what action took place in the 
hattery, and how soon a certain proportion of material was reduced 
to the required size, some trials were run by employing a very 
1:II:LrSe screening. These trials were carried out in August 1901, 
a III I the results were set forth in a paper read by me at the 
(:lJllgress Meeting of the Institute of Mining Engineers in Glasgow, 
ill l 8eptember 1901, as under:-

"A considerable quantity of ore was crushed with 1200-lb. 
,t:lII1PS, running at 94 drops per minute, with a 7t-inch drop, 

91 
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92 Chester: CrushiNg Rock by Wet Process [JULY 1903 

using a screen of 900 holes per square inch. I succeeded in 
getting through 4'64 tons per stamp per twenty-four hours, 
crushed to the following degree of fineness:-

Holes per Per-
sq narc inch. centages. 

Stopped by 100 0'0 

" 
400 0'0 

" 
900 0'0 

" 
3600 20'3 

Passed through 3600 79'4 
Loss of 0'3 per cent. 0'3 

"A similar trial was made with a quantity of ore under 
similar circumstances, with a screen of 100 holes per square inch. 
This resulted in 9'29 tons per stamp per twenty-four hours, and 
this was crushed to the following degree of fineness :-

Holes per Per-
sqnare inch. centages. 

Stopped by 100 0'0 

" 
400 3'5 

" 
900 10'0 

" 
3600 37'4 

Passed through 3600 48'9 
Loss of 0'2 per cent. 0'2 

"It will be observed that about 86'3 per cent. passed through 
900 holes per square inch. The tailings from this were sieved, and 
what remained on the 900 sieve was re-crushed in a battery of 1200-
lb. stamps, with a 4-inch drop, running at 144 drops per minute. 
This resulted in 2'6 tons per stamp for twenty-four hours. The 
rock was crushed to the following degree of fineness :-

Stopped by 

" 
" 
" Passed through 

Loss of 0'1 per cent. 

Holes per 
sq nare inch. 

100 
400 
900 

3600 
3600 

Per-
centages. 

0'0 
0'0 
0'1 

17'2 
82'6 
0'1 

" To arrive at the average results on the foregoing basis a battery 
of 100 stamps would crush 929 tons. Of this 125 tons would 
have to be re-crushed, which, at the rate of '2'6 tons per stamp, 
would require forty-eight stamps per twenty-four hours to do it. 
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,II I,Y 1!1O;)] Crusking and Producliolt 0./ Slimes 93 

h fore resolves itself into this, that 929 tons would be 
Itt cre , 7 
'1 d by 148 stamps, and give an average of 6'27 tons per 

"I'Il~ 1C for twentv-four hours. Comparing this result with the 
,1:l1np. . 
" ,1, 'rushing, namely 4'64 tons, shows an average savmg by the 
11,1

0 

• C method of 35'1 per cent., and, further, it will be seen that 
'llmc 
. . . ushing in this manner a far smaller percentage of rock passes 
II) (.r . 
I· ugh the 3600 meshes screen. Consequently, there IS far less 

I If!1 h' I' 1 . 
I, s made by this method of crus mg. t IS a so curIOUS to note 

;-, 11llC •• 
Illat the percentage of the ore crushed m the ordmary manner 
af!:: First crushing, 20'3 per cen~. would not pas~ throug? the 
::ljOO mesh, but 79'4 per cent. dId pass through It; and m the 
J't' ('rushed coarse sands 17'2 per cent. would not pass through 
:lljOO mesh, whereas 82'6 per cent. did pass through. I am of 
"pillion that better results could be obtained if a coarser screen 
Illali 100 holes per square inch were used in the first instance, and 
I illtend making further experiments in this direction. 

"The rock was a conglomerate from .Perthshire, Scotland, and 
1IIIIIer the same conditions as those obtaining at the 'Witwatersrand 
"ol(l mines in South Africa, about 5 to 5'5 tons would be crushed 
~111'1I\lgh a 900-mesh screen in the ordinary manner, which shows 
tll:lt the rock tried, giving only 4'64 tons per stamp, was harder, 
so possibly the percentage would be increased to 39 per cent. from 
\\' itwatersrand rock." 

It will be noted from the above that the coarse sands that would 
11111, pass through 900 holes to the square inch were re-crushed in 
a ,;tamp battery, but, of course, at the high speed of 144 drops per 
IIlilllltc it would hardly be practicable to adopt this method owing 
!'o the heavy wear and tear. It, therefore, became a matter of 
rille/ing a machine that would deal with these sands and grind 
III the necessary fineness with satisfactory results by using as small 
:L horse-power as possible, and the Wegerif pan roller mill, as 
d':';(:l'ibed hereafter, is a machine, I think, that is best adapted for 
Ilris purpose. 

'I'u go back to my former remarks, I would like to point out that, 
II,)' erushing coarsely in the first instance, and obtaining a product 
111' ,~:i'[) per cent. sufficiently fine to pass the 900 holes to the square 
illdl sieving, practically little or no slimes are made, other than 
what are in the rock already, owing to the free and quick manner 
ill whieh the ore is discharged through the screening. It, therefore, 
1,,·lllJves one to try and get a machine that would deal with the 
lill:ri coarse sands without producing any appreciable quantity of 
oitllleB, and the Wegerif pan roller mill has, so far as experiments 
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have gone, proved that these sands can be re-crushed without 
causing slimes. 

All the present grinding mills, including the best, namely, the 
Chilian, do produce slimes. 

These facts show that the ultimate system of crushing will be 
done in two or more stages, and whether it is the stamp mill that 
will do the work in the future, or some other crushing machine, 
there is not the least doubt that rock can be crushed in a cheaper 
and more efficient manner without causing slimes than by the pre
sent system of stamping in one stage. I, therefore, think that all 
millmen ought to study this point more carefully, and make a series 
of trials by using different sizes of screens and claiSsifying the pro
ducts, calculating the horse-power that can be got through a certain 
machine, and, furthermore, scheming out some means of dealing 
with the material left over in a second or third stage. 

Mr Edison has definitely proved, in regard to dry crushing, that, 
by using seven sets of rolls, he can reduce material without any 
rock breakers direct from the mine down to a size that will pass 
1200 holes to the square inch sieving, and he claims that he can 
reduce the material for less than Is. per ton. His first set of rolls 
are 8 feet in diameter with 7 feet face, built up in sections, each sec
tion having slots to receive very hard steel points. The shafts that 
carry these rollers' are so distanced that the nearest point where 
these steel points pass one another is about 3 inches j in other words, 
it is more or less a very large sized machine, similar to what is 
known in the coal trade as a devil. These sets of rolls are capable 
of dealing with any size of rock that can be carried in a 10-ton skip. 

After the rock has been crushed up by this machine it passes 
through other sets of ordinary rolls, which are set closer up. A 
system of separating is adopted so that the material is passed to its 
proper machine for its continuous treatment. 

I hardly think such a system as this would be applicable on the 
Rand at the present moment, as such a plant would deal with 3500 
tons per day, and the weight of the first set of rolls is about 196 
tons. Furthermore, the fact of the rock having to be dried after it 
has passed the first set of rolls would, I am afraid, prohibit the 

• system coming into use on the Rand. 
I only instance the above case to show what can be done by 

putting in a proper system of crushing, and by doing the crushing 
in stages, and not in one operation, as in a stamp mill, and I am 
satisfied that this is the proper method of working. 

From the prints, which show the Wegerif pan roller mill, it will 
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b ted that the pan is mounted on a centre spindle and supported 
e no - f . I 

conical rolls which have a pitch equal to the CIrcum erentIa on , . 
difference at point of contact. These rollers are mounted In 

babbitted bearings, and run on heavy grease. 
In the lower portion of the pan is placed a steel race, made in 

sections, and held by wooden wedges in iron lugs. The pan itself 
is rotated at about twelve revolutions per minute, and is about 10 
feet in diameter. The pan is fitted with an outside and inside screen; 
the ore is fed into the pan between the rolls, and, so as to ensure 
a propel" distribution, steel plates are placed in a kind of grid, which, 
after forcing the product from the rolls (after it is crushed) through 
the centre screen, the centrifugal action carries the material to the 
outer screen; then the steel baffle plates direct it underneath the 
othcr roller, and the material gets a second crushing. 

If the first roller is set I-16th off the path the second roller is set 
1-32nd, the idea being that the first roller should do the preliminary 
crushing, and the second roller finish same. This distance of the 
roller between the steel race would, of course, be varied, according 
to the fineness one wishes to crush. 

The shells can be readily changed on the machine by hauling up 
the lever with a block and tackle, thereby throwing the lever framc 
right over so that the pin can be put in the hole shown; this keeps 
the lever frame secure, and then the roller and shell can be taken out 
with an ordinary sling and a new shell put on. 

The feeder is driven off the same shaft that drives the two top 
rollers. The beauty of the idea is that the rollers, set in lever 
frames and actuated by stiff springs, can be readily adjusted, and 
the roller can be quite easily brought within a hundredth of an inch 
of the pan, and wear can be taken up by moving one of the shims 
underneath the lever end. 

Another notable feature in the construction of this machine is, 
not only in the way the upper rolls are carried in the lever frames, 
but the fact of the pressure being centralised at one point, thereby 
avoiding any twisting of the roll, as in the Krom and other similar 
style of rolls. Furthermore, the top roll being set at an acute angle, 
as it crosses the path of the steel race, sets up a terrific tearing 
action on the ore; the thrust on the roll is taken up in the box 
containing 'ball bearings, which are adjustable; in fact, the action of 
this roller, working at the angle it does, is more or less to be com
pared to an emery wheel operating at an oblique angle on a moving 
body that is passing forward, similar to a universal grinding machine 
operating on a piece of metal that requires grinding. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)
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The springs on this lever are so arranged that by screwing hard 
down they practically bring 40 tons' pressure on the roller_ As 
this roller is not allowed to touch the'race, this pressure is only 
exerted when it comes in contact with the material to be crushed 
as it passes through, consequently there is no sloughing of the ore 
or tendency to create slimes as in other grinding machines; and 
the product obtained, which is wonderfully fine, is an indica
tion that directly the crushing takes place under the roll, it is 
thrown out through the sieving and discharged, and the greater 
portion of the uncrushed material passes on to the next roll and 
gets another crushing_ 

The product obtained from the trial showed that most of the 
sands passed through a sieve having 3600 holes to the square 
inch, and it is possible that coarser screening can be used with 
ad vantage if this fineness is not desired; and I am of opinion that 
better results could be obtained by crushing over thin planks fitted 
in place of the wire cloth, and of such height, that rock of the 
desired degree of fineness would pass over by flotation_ 

The actual results in material from the crushing was as under 
(mesh given indicates holes per square inch) :-

SAMPLE FROM 

Total weight of sample 
Stopped by 1,600 

" 3,600 
" 8,100 
" 14,400 

Passed 14,400 

OUTSIDE LAUNDER 

9-77 
Nil. 
0-63 equal to 6-45 per cent_ 
1-43 ,,14-64 " 
0-83 " 8--i9 " 
6-88 ,,70-42 " 

9-77 100-00 

SAl'.I1'LE FROM INSIDE LAUNDER 

Total weight of sample 10-64 
Stopped by 1,600 0-03 equal to 0-28 per cent_ 

,,3,600 0-89 " 8-36 " 
,,8,100 2-79 " 26-23 " 
,,14-,400 1-15 " 10-80 " 

Passed 14,400 5-78 " 54-33 " 

10-64 100-00 

The above analysis shows that the machine has been grinding far 
too fine for practical purposes on the Rand, but it will be observed 
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the samples presented, that although the material has been 
from " t . fi 't . 

d to such a fine degree, m proportlOn 0 Its neness 1 IS 
"TOun . 
H ctically free from slimes. 
pr~t will also be noticed from the samples put on the table, that the 
. ~de screen discharges all the lighter material that is first crushed, 
whs~ h l'S of a much redder colour than that which is discharged from 
II' lC 
thc outside screen. 

By referring to the results given in the paper read at Glasgow 
it will be noted that, when re-crushing coarse sands by a stamp 
lIliil, only 2'6 tons were crushed per stamp, equal to 26 tons per 
icn stamps, using 30 horse-power. 

The Wegerif Pan Roller Mill will work out about 1 horse-power 
IC1" ton crushed when producing sands that will more or less pass 

:)()O hole screen, and as the pan, under consideration of the sizes 
"ircn above, has a capacity of about 30 to 40 tons per. twenty-four 
'hours, it will approximately use, with friction, about 40 horse-power 

Lo drive it. 
'fo analyse the foregoing ideas I take a 200·stamp mill. The 

prcsent system of crushing would give an output of 1050 tons per 
day, requiring 600 horse-power to drive it. As I fully anticipate 
Lhat, by crushing through a screening of 100 holes to the square 
illl:h, 10 tons to the stamp will be crushed; therefore, this would 
n',olve itself into 100 stamps being able to produce 1000 tons of 
IJI:licrial, which would pass through 100 sieving, using 300 horse
pOlVcr, and of this I estimate one-seventh, namely, 143 tons, would 
I,avo to be re-crushed. Taking, therefore, say 150 tons, one would 
1l"lllirc four Wegerif Pan Roller Mills, using 40 horse-power each, 
"'I,ral to 160 horse-power for the four, which total up to 460 horse
I" IlVcr as against 600 horse-power. 

C:OHT OF INSTALLATION.-We will say that a mining company, 
I,al illg 100 stamps, doing 525 tons per day, wants to . increase its 
1"ql:IC:ity by coarse crushing, as suggested above. By putting in 
I h" ahove number of roller mills it could practically double its 
":Ijl:tc:ity by an outlay of £10,000; whereas, by putting up 100 fresh 
,I alllps, at the lowest estimate it would cost £35,000. 

You will have seen from the above that, by crushing ill stages, a 
"I:IIIL could be put up much cheaper to deal with the same quantity 
"r III:ttcrial, thereby saving the interest on the difference in the first 
1'1)'(, ; Rccondly, the horse-power required for the same output is less; 
alld, thirdly, and perhaps the most important of the lot, is the 
"Iillli"ation of slimes. 

I ( Il'as suggested that this pan roller mill could be used in the 
I: 
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place of stamps, and from a few trials that have been made, by feed
ing in rock of i-inch cube, it has been proved that the machin'e is 
capable of dealing with this coarse material, but the trials are not 
sufficiently advanced to say whether it would compete successfully 
with stamps. Should satisfactory results be obtained, it may lead to 
the use of cyanide solution for crushing, as I understand that any 
gold that will pass through a screen with 900 holes to the square 
inch could be cyanided in four or five days, and there is no doubt 
that the coarser gold would stop in the bottom of the machine, in 
the same manner as it does at present in the mortar boxes. 

Although in the first trials the coarse sand was separated by drying 
the material and sieving, experiments have been made which proved 
that by a water box, something after the style of spitzkasten, these 
coarse sands can be separated within 5 per cent., and then fed direct 
into the pan mill, the superfluous water being eliminated by means 
of a false bottom, or thin strip of iron placed in the bottom of a 
narrow launder. 

A FURTHER SYSTEM OF CRUSHING ROCK IN TWO 
STAGES, BY DRY PROCESS, WITH HIGH-CLASS 
CROSS-GRINDING ROLLS 

(Wegerif Type) 

PART II 

The question of crushing by rolls has been considered from many 
different points of view, and the principal difficulty where dry 
crushing has taken place has been that the output has been inferior 
as compared to the capacity of gravitation stamps when wet crush
ing. The Wegerif roll, owing to its peculiar construction, has a 
capacity for crushing in the dry way, far ahead of any other kind of 
roll in the market, and from the accompanying plate it will be seen 
that the rolls are so mounted that they cross one another at the 
point of contact at a slight angle (this contact is arrived at by the 
roll being machined at the same angle as the contact), each roll 
being driven independently and running in different vertical planes. 
In addition to the usual crushing taking place in ordinary rolls, a 
tearing action is set up which greatly increases the capacity. More
over, the material from the specially arranged feeder is delivered 
to the rolls in thin separated streams, so as to allow of the material 
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. room to spread as it is crushed, and do away with the 
Iiavlllg Th II . '1 d' d 

k· that usually takes place. e top ro IS easl y a Juste 
J riC lilt! 
1 ,~, llle:~ns of packing. pieces placed under the e~d of the lever: an.d 
1 ilc adjustment can, If ~ecessary, be altered whIlst the machme IS 

11
'ller It will be notIced that enormous pressure can be exerted 

rllnl o' •. 
11)' the springs on the lever, a~d stIll .the deslre~ space be~ween the 
rllllers remains constant, and If any lIlcompressible materIal passes 
throncrh the rolls, it simply lifts the lever, which in descending 
~trike~ the pad on the top of the packing pieces. Another point is 
~hat tho pressure can be regulated at will, requiring only one man 
and a spanner to screw up the nut and thereby compress the 
:;prings. The parts are far more accessible than the ordinary type 
11£ roll, as by lifting the lever and swinging it over, this roll can be 
1':lsily taken out and the lower roll can be hoisted from its position 
without any trouble. Owing to the cross grinding set up, consider
ahle thrust is thrown on the ends of the roller shaft. This is taken 
11[1 by ball beal·ings, which are easily adjustible as wear takes place. 
'1'ho machine runs perfectly cool. . 

HORSE-POWER REQUIRED TO DRIVE THE MACHINE.-At several 
trials it was found that the machine when running empty used up 
:I little over 12 h.p., and when crushing at the rate of 150 tons a 
day on very hard conglomerate-which is 20 per cent. harder than 
I'l'lIohed on the Rand-it used a little under 15 h.p.; in other 
\\lIl'ds the actual crushing took 2~ h. p. We give below tabulated 
(,I'ollit and degree of fineness of material crushed at the above 
r;lte: -

10'8 % would not go through 100 sieving. 

40'6 " " 400" 
15'1 " " 900" 
26'5 " " 3600" 

6'6 went through 3600" 

,\ little over 50 per cent. of the material would not go through 
!J()() Hieving. This was separated by a tl'Ommel and re-crushed with 
" ,ifllilar set of rolls, set close up, and the material went through at 
11111 rate of 48 tons a day. Consequently, to compare the result 
with stamps, it would take one set of rolls to crush coarse, and two 
"'.1:' of rolls to crush fine. In other words, to crush 150 tons a day, 
iiiJghtly under 45 h.p. would be required. The Eame material was 
1'['llshed with stamps of 1200 lb. through a 900 sieving, and only 4'6 
\.I)IIS per stamp was got through, which at 3 h.p. per stamp equals 
!j7'H h.p. 
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It will be seen from the above results that rolls of the same 
capacity use up only half the horse-power. 

A clearer idea may perhaps be obtained by referring to the accom
panying drawings describing these rolls: 

Fig. 1 is a diagram illustrating in a highly exaggerated manner a 
pair of crossed rolls of truncated concavo-conical form, whereby the 
disruptive grinding action, and the straight line of bite above re
ferred to are obtained, the feed being supposed to be at the side 
farthest from the observer. Fig. 2 is a diagramatic elevation and 
plan view of the rolls as used in the mill, illustrated in Figs. 3 to 7, 
except that the actual concavity of the roll faces, being so slight as 
to be hardly perceptible in consequence of the reduced scale of the 
drawing and the shortness of the rolls, is not apparent in this 
figure. 

Fig. 3 is a side elevation, Fig. 4 a plan, and Fig. 5 a front eleva
tion of the mill, the driving pulleys being omitted in Figs. 3 and 5. 
Fig. 6 is a part side elevation showing the pressure leyer and upper 
roll thrown back. Fig. 7 is a horizontal section and end elevation 
of one of the thrust bearings. 

a is the upper roll and b the lower roll, c c in Figs. 1 and 2 being 
the axis of the upper roll and d d the axis of the lower roll, the 
two axes, although in horizontal planes not being parallel, that is to 
say, lying in different vertical planes oblique to each other, e e Figs. 
1 and 2 represents the line of contact or bite of the two rolls, this 
line being by reason of the conicity and concavity of the rolls, both 
a straight and a substantially horizontal line. 

The upper or pressure roll a is journalled in a single frame f 
adapted to act as a pressure lever, the said lever being composed of 
two side members g g cast in one together with a cross bracing h. 
The leyer f is fulcrumed preferably on two aligned fulcrum pins ii, 
the width between the members g g and consequently the width of 
bearing between the pins i, being so much greater than the length 
of the roll a as to prevent all lateral tilting action of the said roll, 
which might otherwise ensue in consequence of an excess of material 
being fed in towards the one or the other end of the roll. Lateral 
play of the lever is prevented by the ends of the members g of the 
lever f being received in forked bearings j which carry the fulcrum 
pins i, the said bearings being each carried by bolts which are 
anchored at k to the cheeks of the main frame l of the machine. 
Or the bearings j might be otherwise suitably supported so as to 
resist the strain due to the pressure resulting from the weight of 
the roll a itself and the applied load acting in a different vertical 
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plane to that in which the lower roll is situated. The two side 
members g of the lever frame j converge symmetrically to a point 
m to form the long arm of the lever to which point the pressure 
(which may be spring, hydraulic or other) is applied. The pressure 
being thus applied at a single point will necessarily be equally 
divided between the two ends of the roll. 

For the purpose of applying pressure helical springs n are 
shown. They are confined between an adjustable fixed head 0 

and a movable head p applied upon the end of the lever j, both 
heads being on a guide rod q anchored at 1" to the frame 1 and upon 
which the forked end s of the lever j plays, the lever in its lowest 
position resting on packing blocks t, whereby the distance between 
the upper and lower roll is determined, the packing blocks being 
changeable to enable the distance to be regulated as required; or a 
nut screwing on the rod q, or any other form of adjustable stop may 
be used for the purpose. In consequence of the lateral disruptive 
action (due to the mutual obliquity of the planes of rotation of the 
two rolls) the upper and lower rolls will be thrust laterally III 

opposite directions, to resist which the one journal of each roll is 
provided with a thrust bearing u shown in Fig. 7, wherein v is a 
circle of balls rolling in circular grooved paths in the end of the roll 
journal and in a thrust block w adjustable by means of a screw x 
working in a threaded cap bolted to the outer end of the journal 
bearing. 

The lower roll b is driven by a belt on a pully y, and the upper 
roll a is driven by a rope band running on a grooved pulley z, dust 
excluders being provided, both at the inside and outside ends of the 
bearings, the direction ill which the rolls run being shown by the 
arrows. 

The material is fed to the rolls a b by a hopper 1, having its side 
cheeks adapted to fit over, or embrace the side faces of the rolls, 
notwithstanding their mutual obliquity, so as to laterally enclose 
the entry to the rolls as far as the line of bite, the feed hopper being 
made adjustable so as to allow for the wear of the rolls. 

The journals of the pressure roll a are retained in their bearings 
in the lever j by caps 2 at the underside, so that by raising the 
lever j and swinging it over backwards to an inverted or upright 
position as shown in Fig. 6, the lever j and the pressure roll a will 
be moved wholly out of the way to afford free access to the roll 
b below. 
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GENERAL REMARKS. 

In conclusion, I would state generally the advantages of the 
machine are as under, and further, at the end of this paper will be 
found the results of some trials made on the reduced ore by the 
Elmore process :-

"The machine is very compact and well combined. The mechan
ism for holding down the upper roll is novel, simple and effective. 
The chief advantage· of the rolls, however, consists in there being a 
tearing action in addition to the crushing action of ordinary rolls, 
and this on account of the particular shape of each roll, allowing of 
their being set at an angle to one another. 

"The advantages arising from this tearing action are :
"Firstly, increased capacity. 
"Secondly, the production of a smaller amount of slimes than 

with any other grinding machinery, and 
"Thirdly, a more complete separation of the mineral from its 

gangue. 
"The first and second contentions are proved by the results 

given in the pamphlet above referred to. The third contention is. 
proved by the fact that in looking at the crushed material through a 
microscope all mineral contents of the ore appears to be separated 
from the gangue. 

" This is also borne out by some experiments carried out in con
nection with ore from a mine in Cornwall. 

"The ore was crushed by the rolls, these being set very close. 
The obtained product was passed through four sieves, thus giving 
five samples. , 

"Each of these was analysed for its mineral contents, and after
wards treated by the Elmore process, yielding the following results:-

Siz.e of Quantity Assay Concentrates. Assay Tailings. Assay 
No" Screen. per cent. Value Quantity in Copper" Qnantity in Copper" Copper. grammes. grammes. 

----- ------ ---
Per cent. 

1 10 1"7 0"51 """ """ """ """ 

2 20 16"2 0"58 7"l 6"33 90"7 0"20 
3 30 18"2 0"95 9"1 9"12 89"6 0"18 
4 60 35"0 ]"48 20"1 6"59 78"1 0"15 
5 60 28"9 2"14 24"2 7"54 73"0 0"29 

"The conclusions to be drawl! from this table are :-
"(1) By comparing the mineral contents of the five samples a 
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dllal increase of same will be noticed as the material becomes 
IFrfL ( 

liner, and we find that: 

~l'('~ 

",;~, amonnting to 1'7 per cent" contai,ns 0.'60 per cent, of total copper contents. 

:l ,,~~:~ 1~'~!::::" 
:J 35'0 36'80 

28'9 43'70 " 
" We conclude from these results that the mineral substance is 
ore readily crushed than the gangue, and is, therefore, easily 

:parated therefrom. (By sieving the crushed material a substantial 
concentration may be arrived at.) 

"(2) By comparing the mineral contents of the tailings with 
those of the various sections of the ore, we find that by the Elmore 
process the following extractions were obtained :-

Section 2 65'5 per cent. 

" 
3 81'1 

" 
4 89'9 

" 
" 

5 86'5 
" 

" These extractions also show that the mineral in the last three 
Hections (amounting to 82'1 per cent. of the crushed ore) was well 
Roparated from the gangue." 

The President-I think our best thanks are due in the most 
hearty manner to Mr Chester for giving us a paper dealing with 
<1 subject, such as this is, of considerable importance to us, and 
proposing to reduce the cost of ore crushing-which would be a 
big thing to do on these fields-by at least a quarter of the horse
power, and secondly, in reducing those coarse particles which we 
have to deal with in the cyanide works, and which we are all aware 
contain most of the gold in our residues, and I think the matter is 
worthy of more attention than appears on the surface. M r Chester 
has introduced to us a novel, and I might almost say, daring method 
of overcoming this. I know this matter has occupied the thoughts 
of many of us~how to reduce our residues in the cyanide works, 
especially those from concentrates. I have made several experi
ments myself, as I have no doubt many of you have also, in grinding 
up these coarse particles; and find that a further extraction can be 
obtained of from 50 to 75 per cent. by so doing. However, it is not 
my intention to speak on this subject to-night, but I should like to 
call attention to the fact that after this evening Mr Chester will 
not be here to answer questions, so I will ask him if he is ready to 
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answer any questions that may be asked for further elucidation of 
the machine and its objects 1 

Mr E. D. Chester-Yes. 
Mr A. F. Crosse-I should like to make a few remarks on Mr 

Chester's extremely interesting paper. Some of these remarks 
would perhaps be applied to the paper we heard a month or two 
ago on "Milling." I made many experiments during the last six 
months on our own ore, and I do not think I should be stating 
anything new if I say this evening that the gold contents of our 
ore are contained entirely in the matrix or in the pyritic portion 
of the ore, and not--practically and commercially speaking-in 
the pebbly portion. Therefore, if by any possible means we could 
crush this ore in such a way as to obtain a more coarse crushing 
of the pebbly portion, and get an extremely fine product from the 
matrix or pyritic portion, we could obtain a very high percentage 
of gold by amalgamation, and a still higher percentage by cyaniding. 
Now, I quite agree with him that if we could divide the gold
bearing portion from the barren portion, and crush the gold-bearing 
portion to a size that would pass through a 100-mesh sieve, and 
then treat that, then we should get a very high extraction of gold, 
as it is perfectly unnecessary to grind the pebbly portion to that 
fineness, and that problem he has rather neglected. I believe 
myself that if we could adopt some system by which the pebbly 
portion could be eliminated and the gold-bearing portion be finely 
crushed, we could manage to make our stamps reduce probably 
double the amount they do to-day, and if he (Mr Chester) can help 
us to do this, I am sure we shall be only too thankful to him for 
his assistance. I may mention one very interesting experiment 
which I h,ave carried out with a solution of potassic-mercuric 
iodide, which has a specific gravity about three times that of water, 
in which I put concentrates; the pyritic portion settled to the 
bottom of the small beaker and the pebbly portion floated. The 
pebbly portion contained-commercially speaking-no gold at all. 
Therefore, I say, if by some hydraulic method of separation we can 
get our gold in the gold concentrates, and subsequently grind these 
coarse concentrates to such a state in which they wiII free the gold 
either for amalgamation or for cyaniding, we shall obtain a very 
high percentage. That is the problem we have to deal with. The 
mechanical engineers might assist us by showing how best to re
crush a small percentage of the pulp, leaving the battery to not less 
than a 10,000 mesh screen, and I am sure if this could be done a 
much higher extraction would be obtained. 
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Mr J. R. Williams-I have very much pleasure in seconding 
-h vote of thanks to Mr Chester, who, in bringing forward this 
t e er has brought forward a subject with which he is well ac
pa~inted, and it is really worthy of your most careful consideration. 
}~ere is, however, one small point which Mr Chester in his paper
he has been absent for about eight years-rather loses sight of. I 
remember very well a stirring discussion that took place in the old 
Chemical and Metallurgical Society 7'e our huge bugbear, slimes, 
and I believe I was one who added to the discussion. There were, 
it was stated, two ways of treating slimes. The one was to make 
Icss, and the other was to treat them. Now, gentlemen, it is a 
mctallurgical success that we can treat slimes as cheaply or even 
1U0re cheaply than sands, with as high an extraction. Therefore, 
the sliming proposition is not so serious as it was. I am possibly 
"iving Mr Chester some information. (Mr Chester: Yes.) I do 
~llalise, and very strongly endorse, the words of our President that 
a cheap system of re-grinding would give an easier and a higher 
extraction. I am afraid, as to the separation question, it is rather 
a difficult one. The Elmore process has done very well. I think 
Mr Crosse you have done a lot of work on concentrates, but you 
will admit that in the ordinary sense of the word the Witwaters
rand banket is not a subject for concentrates. I think it is rather 
:t question for grinding, and for the engineers to give it to the 
Ilwtallurgists in the form they require. I think Mr Chester has 
gone a long way to help us, and I trust you will give it most care
fill consideration, and bring forward all the questions to-night 
that you can. 

Mr W. A. Caldecott-I should like to endorse what has been 
Haill by the President and Mr Williams with regard to the value of 
~I t' Chester's paper. Mr Chester has given us a great deal of in
rlll'mation, but I should like to mention the fact that our being able 
1,0 take advantage of having his paper read during his stay in 
,Johannesburg is due to Mr Denny's courtesy. Mr Denny, I be
liove, is going to read a paper dealing with the general principles of 
cl'llHhing, and Mr Chester has given us details with regard to 
particular crushing machines. Mr Denny waived his prior right 
of reading his paper in order to allow Mr Chester's to be submitted 
dlll'ing the latter's stay in Johannesburg. 

Mr A. F. Crosse-In regard to the question of slimes, when you 
ge~, to the real slimes separated by an elutriation process, I don't 
tit Illk you can increase or diminish the amount very much, according 
I(J Lho method you have used for cru.hing. In an experiment on 
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the East Rand, we crushed the rock with a five-stamp battery 
through a 200-mesh screen, which is very coarse, and we obtained 
about 22 per cent. of slimes. These, I think, are produced more or 
less by the fine portions of matrix in the ore, and it does not matter 
so much as to the method used for crushing; under certain circum
stances if you crush with a very fine sieve you produce a very fine 
material, but it is not slime. I should like Mr Chester to give an 
opinion on this. 

Mr F. F. Alexander-I have, in substantiating Mr Crosse's re
marks about slimes likely to be produced from our. banket ore, to 
say there is certainly an appreciable difference in the various reefs 
between the South and the East Rand, but I don't think we can 
ever reach anything below 22 or 25 per cent. of slimes, even if we 
crush with a 300-mesh screen. I think the amount of slime pro
d uced is not in any way a bugbear as regards subsequent treatment. 
I think it is not too much to say we have obtained over 80 per cent. 
of gold by the treatment of slimes in the ordinary process. 

Mr Dixon-In the last Journal results are given of a number 
of experiments I made on a large working scale in the years 
1898 and 1899 on both wet and dry crushed ores. It will be 
seen that I was working on something like the same lines that 
Mr Chester now proposes in the interesting paper just read to us. 
The figures given in the Proceedings of this Society, vol. iii., 
pp. 311-318, show my results as to dry crushing tests, and ill this 
connection I should like to ask Mr Chester if, in the machine he 
describes, the screens have not a tendency to clog when dry 
crushing. 

Mr E. D. Chester-No, there is no such tendency. 
Mr Dixon-Mr Chester makes a great point throughout his 

paper that there are no slimes produced by his process. I do not 
think that ore which has to be dried can possibly be crushed by 
any method without producing a certain appreciable amount of 
what we call slimes-but on this point we have not yet arrived at 
any decision as to what really are "slimes." There is a great 
diversity of opinion on this point still, but what we call" slimes," 
in the general acceptance of the term, are, in my opinion, always 
unavoidably produced when crushing dry or wet by all crushing 
machines such as gravitation stamps, ball mills, drags, rolls, etc. 
However, I shall not go further into this question this evening, but 
will look forward to having a good go in at the paper later on, and 
am only sorry that Mr Chester will not be here during our 
discussions. 
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The President-I should like to ask Mr Chester if he has given 
thought or attention to the method he proposes to adopt, to 

:tny . f '11 I d' d .. rate the coarse partlCle rom mI pu p an mtro uce It mto sepa 
this machine. 

]tIr J. Yates-I think Mr Che3ter somewhere in the paper 
suggests the substitution of the rolling mill to the ordinary stamp 

mill 7 
]tIr E. D. Chester-No, auxiliary. 
Mr W. A. Caldecott-In some analyses made some years ago on 

various samples of slimes from along the Reef, I believe that on an 
average one-third was found to consist of silicate of alumina 

or clay. 
]tIr H. R. S. Wilkes-I reduced the amount of' slimes made 

from 25 per cent. to 12 per cent., by lowering the discharge and so 
"etting rid of the ore from the box quicker. Would Mr Crosse 
~tate what was the height of the discharge used. 

Mr A. F. Crosse-In the experiments in which I said we got 22 per 
cent. of slimes we used seven inches discharge and 200-mesh screen; 
and I maintain that the discharge and the size of the mesh have not 
so much effect on the real slimes, but the only way to get at that is 
to take the sample produced (we were workiug with a five-stamp 
battery) and subject it to an elutriation experiment, and determine 
the real slimes in it. You may produce a larger or smaller amount 
of fine material, but that fine material is not slimes. I use no other 
method of separating them except elutriation. 

Mr H. R. S. Wilkes-I am very glad to hear that he used a seven
inch discharge. Had he used a three-inch discharge he would have 
got very much less slime. 

Mr A. F. Crosse-I hope at a later occasion I shall enter into the 
(luestion more thoroughly than to-night. I have many notes which 
I think will interest you very much, so I won't refer any more to it 
to-night. 

The President, after asking if other members wished to speak, 
said-The only reason I can account for there being not many 
questions is that the majority of the mechanical engineers and 
others who have to do with this subject must be celebrating the 
Fourth of July! But I would like to bring to Mr Crosse's atten
tion one thing - where we are crushing waste without sorting, 
the tendency is to make a larger percentage of slimes-and to take 
this into consideration when he goes into the matter at another 
meeting. Will Mr Chester now kindly reply to the questions put 
to him 1 
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Mr E. D. Chester-First, gentlemen, I should like to express my 
great thanks to Mr Denny for his courtesy in making room for me 
to-night, owing to my leaving for England. I fully appreciate the 
good feeling he has shown towards me. In reply to Mr Crosse, 
I should like to say that this paper was not written with the idea 
of dealing with the question of amalgamation; at the same time, 
I have not lost sight of this, and there will be no difficulty in catch
ing the very coarse gold in the bottom of the pan, similar to the 
way it is caught in the mortar box; nor would there be any difficulty 
in lining the launders round the pan and the apron with copper 
plates, if further amalgamation were necessary. Furthermore, I do 
not agree with him as to the coarse sands being worthless. Anyone 
who has had to do with the crushing of rock, as Mr Williams 
explains, sees afterwards the little coarse particle of gold cli[)ging to 
that coarse sand, and very often in breaking up the matrix, one 
finds it embedded. These gold-bearing particles we have to break 
up and they cannot be thrown away. The next point Mr Crosse 
raised is in regard to the crushing of the coarse sands and con
centrates. Now, although away from the Rand for some time, yet 
I have watched the reports and read the papers with great interest, 
and I have come to the conclusion-I may be wrong-that the first 
box is the one to catch your coarse sands and your concentrates. 
That is the material we want to deal with, and I claim that this 
machine is the very one required for the Rand-that is, one that 
will grind the coarse sands and pyrites finely without sliming. In 
reply to Mr Yates' remarks in regard to horse-power used, in read
ing my paper I emphasised distinctly that the horse-power we were 
using with this pan was dealing with the coarse sands, and I think 
you will find-experiments were made purposely to prove this
that with a stamp battery whilst dropping 144 drops a minute, with 
a 4-inch. drop, only 26 tons per ten stamps were got through, using 
30 horse-power. As to the points raised about the slime, it was 
not my intention to bring forward this machine merely for the 
purpose of showing that we got rid of the slimes, which I think you 
lost sight of. Also, I think it will be accepted by most millmen 
that if cyaniding could be done at one process and the slimes plant 
thrown out, there would not only be a great saving in the outlay, 
but the cost of extraction should be reduced. 

The President-I am in rather a quandary with regard to Mr 
Chester's paper. I feel it is far too important a subject to drop 
after only one evening's discussion; at the same time, we shall not 
have the pleasure of seeing Mr Uhester here the next time to answer 
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.TU 

h discussion, which I am sure is not going to be ended to-night. 
~ e ill ask Mr Chester if he will give us leave to continue the dis
cu:sion on the same friendly lines as this evening, and if he thinks 
fit to answer us by correspondence. The Secretary will see that he 

~eives the discussion on the paper, if any, at our meetings. 
re I'dr E. D. Chester-There is one important point-the question of 
the production of slimes in crushin? I do not .think Mr Crosse, in 
his experiment on the East Rand, IS exactly faIr, because he states 
he uses a high chuck-block and a 200-mesh screen. To sum up the 
whole question, my contention is that by coarse crushing and separat
ing the resulting coarse sands at a point somewhere between 900 and 
1200 sieving, a greater output per horse-power could be produced at 
less cost, and I estimate that one would only have to re-grind at the 
outside something like 20 per cent. Furthermore, from the experi
ments we have made, it looks as if a coarser screen than 100 holes 
to the square inch would give better results. This opinion seems to 
be borne out by Mr Clement Dixon's opinion, published in May 
last. 

DISCUSSION AT JULY MEETING, 1903 

Mr W. A. Caldecott-Mr Chester is to be congratulated III 

bringing up for discussion the important question of crushing in 
stages, which has" been in the air" for some time, but has never 
formed the basis of a paper for this Society. My own attention 
was given to it during the war, and Mr J. R. Williams then in
formed me that the late Major L. r. Seymour and himself had just, 
prior to the war, considered a scheme for regrinding the coarse 
pyritic product from the mill in a ball-mill before cyaniding. The 
plan that Mr E. H. Johnson and myself devised in 1900, was re
ferred to at the April meeting of the South African Association for 
the Advancement of Science. It consists in continuously regrind
ing, by any convenient means, the product from the first spitzlutte 
and returning it to the main pulp launder before this enters the 
first spitzlutte. The objects of the scheme were:-

(a) Larger tonnage crushed (i.e., coarser mesh in mill). 
(b) Higher extraction from concentrates by cyaniding (i.e., 

finer pyritic product). 
(c) Lower percentage of slimes produced. 

The object of separating the coarse portion by means of a 
hydraulic classifier instead of a screen is that, owing to the specific 
gravity, as well as diameters of particles affecting their separation 
by the former device, more pyrites will be obtained in its product 
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\ 
than with a screen. By this means the richer pyritic material will 
undergo the proportionately fi~er crushing which its higher gold 
contents warrants. By continuously returning the product afte'r 
regrinding to the main pulp launder, everything must eventually be 
reduced fine enough to pass over the spitzlutte; collection of co~
centrates for cyaniding is carried out upon the product which over
flows the first spitzlutte, and from which any slimes produced by 
the regrinding have been eliminated with the rest of the slimes in 
the entire pulp. The spitzlutte, instead of a screen, thus serving 
to determine the size to which the ore is reduced, the exact size of 
the screen in the mill, provided it is coarse enough, is not of very 
great importance. 

In his remarks upon Mr Chester's paper, Mr Crosse has raised 
anew the very interesting question of the exact location of gold in 
banket ore, and our President has pointed out that this question is 
of especial moment in reference to cyanide residues. In trials upon 
spitzlutte concentrate residues, after prolonged cyanide treatment, 
I have found that a separation of the quartz particles by panning 
shows them to carry about 60 per cent. of the total gold in the 
residues. This would appear to disagree with Mr Crosse's state
ment regarding the results of his Sonstadt solution trial, but it 
must be rememhered that panning at best only effects an imperfect 
separation of the pyritic portion of the residues, and that some 
quartz particles may carry pyrites attached to them. To elucidate 
this point Mr Whitby and Mr Broom were good enough to carry 
out some trials for me upon cyanide residues (after lengthy treat
ment in the plant), by boiling them with aqua regia, which of course 
dissolves both pyrites and gold alike. The presumption is that only 
the gold absolutely encased in the quartz particles, and conse
quently inaccessible, escape removal. The results showed that the 
siliceous portion of the residue after this treatment carried very 
little gold, and that in consequence by far the greater portion of 
the gold in these residues was encased or masked in the pyrites. A 
modification of the above trial consists in treating the residue with 
nitric acid to remove the pyrites and then cyaniding, when much 
the same results are obtained. After such a treatment with nitric 
acid, it is very interesting to pan off a little of the material and 
observe the flakes of metallic gold, whilst before not a colour could 
be detected. The above modifications of the ordinary method of 
exposing more gold in residues by finer grinding, which as is well 
known, enables the extraction in the great majority of cases to be 
raised by eyaniding, is I think of some interest, inasmuch as the 
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'll'i(l treatment liberates the gold from the pyrites only, whereas 
" I 'ng acts upon both pyrites and quartz as well. In the finer 
aus 11 , • 
"riouing of pyritic materJallt ma,y be as well to recall the fact that, 
'~\'ith certain sulphides of a reducmg nature, the tendency to absorb 

e OxyU'en with increased surface exposure may retard the solu-
lJIor '" , .' 
lion of the gold, and also that the reducer ferrous sulphIde IS pro-
I'lliced by long continued grinding of ordinary iron pyrites in an 
il'on mortar, As to the results of finer crushing of concentrates, I 
think I stated some years ago at one of our meetings, that a sample 
of Sheba concentrates had its extraction by cyanide raised from 
:17 per cent. to 93 per cent, by merely crushing to a slime, and 
I )eeble's process in Australia is another illustration of the same idea. 
This question of sufficient reduction of the ore to wholly or partially 
I:xpose the individual gold particles is a crucial one, for though 
JlI:tIlY years ago on these fields an enterprising inventor introduced 
:L process whereby he unuertook to extract the gold from 'a good 
IIi" lump of solid ore, and return you the lump unaltered in appear
n.n~e, I am not aware that his method or the faith of his supporters 
had a very long existence! The same reasoning serves to explain 
the much higher extraction by chlorination from roasted concen
trates as compared with the results of cyaniding raw concentrates, 
Hince by roasting, the sulphur is expelled from each particle of 
pyrites, and a porous particle of ferric oxide remains in its place, 
This, being permeable, will yield up its gold equally well to cyanide 
01' to chlorine, though about double the time of treatment is required 
in the former case. 

Mr R. M, Catlin (contributed)-I would say that the matter 
n.ttracted my attention at Mineral Hill, Nevada, in 1883, where I 
conducted some experiments with a view to redl1cing the quantity 
of slimes, crushing at first to about i-inch size, concentrating and 
then re-crushing the tailings through a 20 screen and again con
,:entrating, and I found much better results were obtainable than 
had been obtained by a single crushing through a 20 screen. Some 
night years afterwards, at the North Belle Isle Mine in Nevada, 
there was a considerable quantity of low grade antimonial silver 
ore which had been unprofitable when concentration was tried in 
it; with this I used the same plan and secured a profit, The fines 
were concentrated, aud then re-crushed with the coarser ore, For 
this purpose, where there is plenty of water available, it seems best to 
separate the coarse with water and re-crush through grizzlies instead 
of screens. The results obtained were a very considerable gain in 
,:rushing capacity and a greater recovery, owing, as to be expected, 
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t.o the fact that less of the mineral was crushed to slimes. I have 
never seen the method applied except for concentration, but see no 
reason why it should not apply equally as well in any case where 
the values are in a mineral more friable than the rest of the ore, 
and hence liable to float away if .crushed too finely. As to its 
application to local ores, experience would have to show to what 
extent crushing should be carried, to free the values not contained 
in the sulphurets, and also to free the auriferous sulphurets." 

DISCUSSION AT AUGUST MEETING, 1903 

Mr E. E. Blume-Mr A. F. Crosse, in his remarks, states that in 
an experiment which he made on concentrates with a solution of 
potassic-mercuric iodide, he was successful in obtaining a separation 
of the pebbly portion from the pyritic, the former containing com
mercially no gold. I should like to ask Mr Crosse whether the 
concentrates used for this experiment were the ordinary sand con
centrates obtained by separation in spitskasten, if the pyritic portion 
which settled out contained any appreciable amount of gangue, and 
to what extent the value was increased by the elimination of the 
pebbly portion? 

DISCUSSION AT OCTOBER :lIIEETING, 1903 

Mr A. Salkinson - It is to be regretted that Mr Chester's 
interesting and instructive paper has produced so little discussion, 
more especially as one would expect millmen to greatly fa,Tour his 
proposals; after all, their chief glory consists in crushing so and so 
many tons per stamp per day. 

I am afraid, however, that cyaniders would have a different tale 
to tell, should the proposals embodied in the opening part of the 
paper under discussion be carried into practice. I would like to 
bring to your attention the consequences which would ensue if the 
pulp from the battery were delivered to the cyanide works in the 
condition suggested by Mr Chester's experiments. 

Crushing, in the first place, through a screen containing 100 holes 
per square inch, he obtained a total of 50'9 per cent. of sands, 
which would not pass a 3600 screen. Taking the 13'5 per cent. 
which would not pass a screen containing 900 holes per'square inch, 
and re-crushing through a 900 screen, 17'3 .per cent. of this latter 
was stopped by a 3600 screen, thus giving a total of 39'7 per cent. 
not passiDg the last-mentioned siie. 

Should, on the other hand, the 'Vegerif pan roller mill be used 
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{III'. 1003] 
A ssay of Reszdues after Sieving 113 

. hI'nO" the 13'5 per cent. of coarse sands, an average of 7'54 
I<lf re-crus 0 •• 

. t of the latter would not pass a 3600 screen, gIvmg a total 
Ill'\' con. . 

b tIl crushings of 38'4 per cent. of coarse sands. It IS to be 
froUl 0 'd h h' h' ,'. d however that Mr Chester conSI ers t at t IS mac me was 
1l0",lCe , ' . . 

. i'nO" too fine for practIcal purposes. 
"rlIlC I 0 .. . 
n Th t these results are consIderably m excess of the average SIze 

f th: crushed product on the Rand, will be apparent to all who 
;:ave made any grading tests of the sands ,;hich are .produ~ed by 

batteries and for purposes of comparIson, I mIght CIte Mr 
our' " 
Chester's own figures of the resul.ts obtamed when. usmg a 900 
s{'feen where only 20'3 per cent. dId not pass a 3600 screen. 
, ' To ~how the poor extraction by cyanide from the coarser portion 
oi' Hallds, I quote below some figures obtained by me some years ago 
Oil "Tadillg an average sample of residues. I regret that after this 
1:L1'~ of time I canno~ ma~e certain of the. size of the screening used 
ill the mill, but I beheve It to have contamed 700 holes per square 
inch. That, of course, is not the only factor in determining the 
I\izo of the crushed product, the amount of water, height of dis
charge, and attention paid to feeding being of no little importance. 

I might say that the pulp, after leaving the battery, passed 
through spitzlutten, which separated out an average amount of 
concentrates, and that the assay value of the sands before cyaniding 
would be about 4 dwts. 

The average sample of residues was, after drying, graded by 
means of a sieve containing 3600 holes to the square inch, with the 
following results ;-

Assay value of residue sample, 18 grains per ton. 
Stopped by 3600 screen, 27'07 per cent. assaying 30 grains per ton. 
Passed 3600 screen, 72'93 per cent. assaying 14 grains per ton. 

It will be seen that the extraction from the coarse part of the 
sands was only equivalent to 68'7 per cent., as against 85'4 per 
cent. from the fines. As, however, the coarse part of the sand after 
removal of concentrates generally assays a little lower than the fines, 
which latter carry a larger proportionate amount of pyrites, the ex
traction from the coarse portion would be even lower than the above 
figures show. This is illustrated by the following assay, made on 
sands before cyaniding, this sample coming from the same plant ;-

Original value of sands before cyaniding, 5 d wts. per ton. 
Stopped by 3600 screen, 29'23 per cent. assaying 4 dwts. 14 grains 

per ton. 
H 
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i I4 Chester: Crushz'llg Rocks oJ' Dry Process [OCT. 1903 

Passed 3600 screen, 70'77 per cent. assaying 5 dwts. 4 grains' 'per 
ton. 

'1'0 make certain o£ what caused the high assay value of the coarse 
portion of the residue, it was further treated for several days with 
cyanide solution, and after washing out the dissolved gold the sample 
Il.ssayed 25 grains per tOll, showing that the latter was the limit 
extraction obtainable from the given size of the product. Needless 
to say, it was not to be expected that this last result could be ob
tained on a working scale. 

Bearing the same figures in mind, cyanide managers would not 
care to lessen the percentage extraction obtainable by increasing 
the amount of coarse sands, the physical conditions of which l).re 
the cause of the gold not being accessible, though it must not be 
forgotten that there is a point where increased tonnage pays for a 
poorer percentage extraction. Yet the tendency on the Rand at 
present seems to be towards using finer screening, more particularly 
where slimes plants exist. It is possible that, if the Wegerif pan 
roller mill proved itself a practical success, it might be adopted 
on the Rand to re-crush all sands, so a~ to pass, let us say, a 3600 
screen, though I should not like to prophesy as to whether the total 
product, i.e. sands freed from slimes, but containing ~othing coarse 
enough to be stopped by a 3600 screen, would be sufficiently leach
able, nor have I entered into the working costs of such a proposal. 

REPLY READ AT FEBRUARY MEETING, 1904 

Mr E. D. Chester (contributed)-I should have replied to the 
criticism in regard to my paper on crushing with two stages at an 
earlier date, but as the only criticism was decidedly in favour of 
my scheme, I was waiting to see whether there would be anything 
that I would have to answer, but I note that 'your Society has been 
carrying the discussion of my paper into that of Mr Denny's. 

When I was in Johannesburg, I expressed a view that it would 
be quite easy for many of the companies to run a few tons of rock 
through the stamp mill, using a fairly low discharge, and a coarse 
rlcreen, say 100 holes to th.e square inch wire mesh, and find out 
whether ~he results obtained were anything like the results that 
I obtained on the Perthshire conglomerate with a 1200 lb. mill. 
What I am desirous of your members realising is, that by doing 
the crushing firstly in this manner, viz. with the coarse screen, 
the output· is increased 40 per cent. at least, and, consequently, the 
saving of 40 per cent. of power is effected j with this 40 per cent. 
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I Ell. 1904] Cost o.f Crushing and Pan Roller Mill I I 5 

j
. er available, it can be utilised, and is sufficient to re-grind 

II· pow d 
I

t 25 per cent. of the coarse san s and pyrites obtained in 
;I.L eas . h t b t t' h k ' , 
1 fi st box and I claIm t a y rea mg t e roc III thiS manner 

t Ie r, " 

1 
"tI'al cost of crushmg Will not be greater than at present (but 

t 10 lUI " 
ill all probability less), and that a more deSIrable product m regard 

f'neness can be produced, and, consequently, a larger extraction 
to 1 b b'l' 'II 
1 t 

'ned which in all pro a I Ity WI amount to at least a further 
I I I :t1, , 
1 () per cent, extractIOn. 

Wr'gerij Pan Roller Mill,-With regard to the Wegerif Pan Roller 
\1 ill I would state that I obtained at a trial in Scotland some 
wllt!:lcrfully good results, but that during this trial the rollers in 
t,]11~ mill were worn in a most extraordinary manner, quite unlike 
ally thing that I have ever seen before, and I have been studying 
this Aubject very carefully to finn out the cause of same, and I 
thiuk I have arrived at a solution of the cause, and shall be able to 
dll away witli it. The machine itself operates in a manner so 
I'lltirely new and so different to any other grinding machine I have 
I'vpr seen, and it involves an absolutely new class of experiment, 
allli I trust at a later date to place these results before your Society. 

1 thought it only right· to inform you of the above, as perhaps 
solita of your members may have been a little tired of waiting for 
1 he arrival of the machine in Johannesburg, but they will under
oland it would be folly to put a machine on a lengthy trial until it 
had been demonstrated that it was more or less perfect in the main 
principles, 
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IV 

OBSERVATIONS ON THE METALLURGICAL PRACTICE 
OF THE WITWATERSRAND 

By HARRY· S. DENNY (MEMBER) 

(Read at July Meeting, 1903) 

THE last fifteen years has witnessed great improvements in the 
metallurgical treatment of gold ores, particularly in South Africa, 
and in no one locality has this been more marked than in Johannes
burg, where the cyanide process may be said to have had its birth 
as a factor of industrial and scientific importance. 

Since the introduction of the cyanide process, however, there 
have been no radical alterations in the general metallurgical scheme 
for the treatment of the ores of the Witwatersrand, attention having 
been directed more particularly to improvements in the details of 
one generally accepted scheme. Thus we find to-day that, although 
in detail there are modifications as between various mines, a general 
principle is followed throughout. 

It has been claimed that on the Witwatersrand may be found the 
perfection· of up-to-date knowledge in the treatment of gold ores, 
but when we consider the great strides that have been made in 
other countries under considerably adverse conditions I think this 
statement must be somewhat modified. 

In the course of the present notes I propose to treat of the more 
important points that occur in our everyday practice, particularly 
where there has been discussion and divergence of opinion. N eces
sarily, the scope of an article which only claims to be " Observa
tions" is limited to a few particular sections, and I take it for 
granted that the more ordinary details of general practice are well 
understood and need not be unnecessarily dilated upon. 

PRESENT PRACTICE 
The main operations of our present methods are as follows:-

(1) Crushing. (5) Concentration. 
(2) Sorting. (6) Classification of sands and slimes. 
(3) Milling. (7) Cyaniding of sands. 
(4) Amalgamation. (8) Cyaniding of slimes. 

u6 
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-tOeSEPlVATtONS ON TH~ METALLURGIC~ PRACTICE OF THE. WITWATERSRAN.2:~_ 

( 

-- D,AGRAM A ---

--:SCH£ME Of" PRESENT PAACTlC£,>---

ORE DEUVERED AT HEADGEAR 
AND p.'.$SEO OVlR GRIZZLIES. 

I'\I.IESTO MILL B" .... 
THROUO" PRELff'It1ftARV U[AJ{ER. 

I 
SOlnll,O TABLE.. 

~ __ ~A~ _____ ~ 
( ) 

SoRT£D ORt To2'CRuSHERS,. w..sTEROCKTO~ 

I 
ORE TO MILLBINP.o 

ORE TO BAV.TtRY. 

I 
CRuSM£OORE PASSED oveR 
A-MALGAMATFO COPPER PL.A'fE~ 

~ ____ ~A~ ______ ~ 
. ( ., 

SC.RAPING&STEAMING PLATES. PULP. 
CLEA.t.ING8: RETOATnIG~ __ -,1,-__ ~ 

( ~ 
CONCENTRATlONOf'".P'rRmllLS PRooue T. SEP~RATION Of" SANo,,& SLIM EIr. 

I 
TREATMENT BT CYA.~ID£' 

OR SALE. OJ" SAME. r,....----j'------------., 
CVANIDING OF SAND~ CYAlaiURC CW SLIME&.. 

1 
OR S[TTL["",.T IN Su""P\~ 

_----~.'-. ____ ~ ~ ____ ~l,-____ ~ 
, V " 

Re:SIDUIi.5 'T.o'WA,ST'E DUfI1P,. SOLVTIONS TO £r.Tf\ACTOR ao-.[~... RE~IOU[~ TOWA.ST£Ov"'~1lA PIT~ 

Facing p. lli.] 

Ac.ro T"EAlTnt..Nl. CA\l,(.I ..... TIO".&S,.,(l.n~ 
OR T .. V£1otER. .... ~ ntOlb' 
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,II"I.Y 1003] Sortz"ng and Breakz"ng of the Ore I I 7 

l\nd their sequence is illustrated in the graphic di,agram " ~,". 
1 Hhall now deal briefly with each of these operatIOns, begInnIng 

with:-

PRELIMINARY BREAKING 

In all mines on these fields the ore, before being sent to the 
Ill'hce is regulated to a certain maximum gauge by an arrange

, 't o'f sl'zinO' bars fixed over the station bins in the shafts. The 
JIlI~lI I:) 

I .. ·t Ilrimarily is to reduce the largest pieces of ore to such a 
II 111.1, , ' 
~;:1l~1i that there will be no liability to choke the o?tlet from the 
i,in'; but it serves also the secondary and ~qually ~mportant pur-
1"I~lI of preventing rocks of too great a sIze passmg to the ore 

o(ll't.ill" house. 
ThO'" ore when delivered to the surface is usually classified into 

.. lilll~H ,. and" coarse rock" by dumping the skip.load on to a grizzly 
ill tiLe headgear, the" fines," being unsortable, going direct to the 
JIlill, aud the coarse ore being sent to the sorting house. 

Tho rock in the sorting house is subjected to scrutiny, either on 
/loOl'H, revolving tables or travelling belts, and the rejected waste 
rock is disposed of on the dump. The sorted ore is fed into ore 
IIl'I~akcrs for further reduction. 

The ore breakers may be classified into two generic types, the 
gyr'ntory and the crank motion type, the former being largely re
I'l'lmonted on these fields by the Gates, and the latter by the Blake, 
III:Lt:llilles, Each type has its sLlpporters, but it is generally con
sicloI'od by the moderates that the fOI'mer is the better machine 
wholl unit capacity is demanded and the latter when multiplication 
III' lIIachines is not embarrassing to the general design, as its main
LOII:tnce cost is less. 

'I'hc goneral scheme of the rock breaker is to reduce the rock to 
ahllll1. a ~-inch cube before delivering to the mill, but the average ore 
ill Lho mill bins will be found to exceed this gauge, owing to wear 
ill Lito crushing part of the breakers. 

III tho most recent practice it is recognised that there is an 
;LllYlLl~tage gained by subjecting the ore to a preliminary breaking, 
Lilat (H, to reduce its size before passing it to the sorting house in 
lII'd,'r that there may be closer uniformity in the sizes of the pieces 
!If oro that are subjected to the sorting operation. 

I L iH, I think, doubtful whether the practice of ore reduction in 
11I1':dwI'9 is carried sufficiently.far on these fields. It would appear 
that a material increase is to be obtained in the mill duty-that is, 
til" til linage crushed per stamp per day-if there were a succession 
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I 18 ' Denny: Metallurgz"cal Practzce, [JULY 1903 

of, say, three breakers, each reducing the ore to smaller gauge than 
the last, until the final product did not exceed an average of, say, 
~-inch cubes. 

The line of demarcation defining the point where ordinary break
ing should cease and milling begin, has never yet been accurately 
determined, and this limit should be ascertained by actual experi
ment. 

SORTING 

Recently there has been a considerable amount of discussion 
'regarding the question of sorting, and in some particular cases 
where sorting had been practised hitherto there is a tendency to 
abandon the operation as it is claimed that more favourable results 
can be obtained without it. There are many aspects of this ques
tion which lend themselves to conflicting conclusions, but that there 
are some cases in which the operation is highly beneficial, I think 
there can be no doubt. To say that sorting is an operation that 
should apply to every proposal, is more or less to claim that the 
same conditions are presented in each case. This we know is not 
so, and consequently, the operation will more particularly apply to 
one case than to another, and there will be limits at which it will 
reach its highest efficiency and its lowest. 

I propose to take a case representative of certainly the majority 
of the mines on the Witwatersrand and deal with it both on a 
sorting and a non-sorting basis. 

Assume that we have :-

Mill 100 stamps. 
Property 100 claims. 
40,000 tons per claim. 

Total tonnage, 4,000,000 tons. 

Each ton of ore delivered at surface of the following value :-

50 per cent. fines, 12 dwts. 
50 per cent. coarse rock, . 12 " 

100 tons contains 1200 dwts. worth at 4·2s. per dwt. 
5040 shillings equal to 50·4s. per ton. 
Without sorting we get, say 80 per cent. extraction = 

4032 sllillings from 100 tons = 40'32 shillings per ton. 
Assume costs at 24s. per ton divided as follows :-
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.] p-voht on Sortziz(T and Non-sortz"ng Baszs r I9 
.11 'IS HIO.l "'J'" b 

Pel' ton milled. 
£7,875 

}Iining £0 10 6 (15,000 tons) 

Crushing. 0 0 6 " 
375 

."lilling 0 2 6 " 
1,875 

Cyaniding 0 2 6 
" 

1,875 

slimes handling 0 0 (3 
" 

375 

( leneral 0 3 0 
" 

2,250 

1 Lead office 0 1 6 
" 

1,125 

;VIine development 
2,250 redemption 0 3 0 

" ----
£1 4 0 £18,000 

1.(::lving a profit of 16s. per ton. 
I ()O heavy stamps crush 500 tons per day, or 15,000 tons per 

1IIIJIILh 180,000 tons per annum. 
Lifo of mine = 22'2 years. 
'I'lw nett profit made in that period is 4,000,000 tons at 16s. per 

Lilli .£3,200,000 :-
'I'hl\ present value of that amount at 5 per cent. compound interest 

iN .tl,OH3,520. 
(I.n this calculation I have not allowed for amortization of capital), 
With the 20 per cent. sorting we have the following statement;-

50 tons fines at 12 dwts. = 600 dwts. 
I"rom the remaining 50 tons, carrying 600 dwts. we discard 20 tons 

I':ll'l'ying 2 dwts. = 40 dwts. = 560dwts. contained in 30 remaining tons. 
\Vii thus have 80 tons of ore containing 600 plus 560 = 1160 dwts. 
aL .j. ·~s. per dwt. 4872 shillings. 

= 60s. per ton. 
80 per cent. extraction = 48s. per tOil. 

The costs in this case would be as follows ;-

Per ton milled. 
Mining £0 13 I! (15,000 tons) £9,843 
Crushing. 0 0 6 

" 
375 

Horting 0 0 6 
" 

375 
Milling 0 2 6 

" 
1,875 

Cyaniding 0 2 6 
" 

1,875 
Hlimes handling 0 0 6 

" 
375 

(leneral 0 3 6 
" 

2,625 
J fead office 0 2 0 

" 
1,500 

:'Iline development 
redemption 0 3 9 

" 
2,812 

----
£1 8 10! £21.655 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



120 Denny: Metallurgical Practzce [JULY 1903 

(It might be argued. that mining costs should be taken lower 
in this case as against the first, seeing that the fair proportion of 
general charges is spread over the larger tonnage mined). 

Leaving a profit of 19s. lid. per ton milled. 
18,750 tons per month = 225,000 tons per annum. 
Life of mine = 17'7 years. 
Tons milled = 3,000,000 at 19s. 1 !d. per ton. 
Nett profit =£3,060,000 earned in 17'7 years. 

Present value of that amou'nt is £1,290,585; or a difference in 
favour of sorting of £207,065. 

In this comparison we have the same sized plant milling the 
product of 18,750 tons mined in the one case as against 15,000 tons 
in the other. 

Against the extra cost of mining to produce 15,000 tons for the 
mill when sorting, we have the extra cost of milling, handling and 
treating the extra sands and slimes which we should have to incur 
without sorting. It must not be forgotten, too, that in the case 
of non-sorting every ton of waste rock has to be provided with 10 
tons of water, and the cost of up-keep and cleaning out of slimes 
pits will be increased by reason of the extra tonnage. I have 
assumed the cost of milling to be the same in both cases. 

The only extra capital expenditure for the case in which we adopt 
sorting is the sorting plant. 

It has been argued that if the mill capacity were increased to an 
extent sufficient to cope with the extra tonnage that this would be 
more economical than sorting. 

Taking the cases above cited we must increase to 3750 tons more. 
One stamp will crush 150 tons per month = 25 stamps more. With 
the increased tonnage working costs might be reduced to, say, 22s., 
but a corresponding increase in the mill when sorting would also 
show reduced working costs, and, therefore, the comparison would 
only increase the favourable aspect for sorting. 

The rock discarded I have valued at 2 dwts. in value = 8·4s. per 
ton. We get 80 per cent. extraction from this=6·7s. It has to be 
crushed 6d., milled 2s. 6d., cyanided 2s. 6d., converted into slime and 
handled 6d., total 6s., and the margin in profit would not cover its 
share in depreciation of plant and the loss of water involved, whilst 
at the same time, it is preventing the treatment of more valuable ore 
if sorted, and all this too on the assumption that its corresponding 
residue would only be '4 dwts. and nothing in the slime, whereas it 
is probable that the sand residue and the slimes from it wonld be 
the same as the rest of the ore and, therefore, more than '4 dwts. 
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Reef Thickness and Sorting 1'21 

upposina in these illustrations that 20 per cent. sorting 
I am pre-s '" h 

. I possible but easy of actnal fulfilment. There are, ow
I~ not on y h' h . . I' d d . variations in the cases to w lC sortmg IS app Ie , an 
I'Vi'r, many . . "d I . Th . 

h must be J'udaed on ItS mdlvl ua ments. ese vana-
("lC case " 
lilills may be expressed as lying mainly in the factor of reef 

tllickness, 
1, . tance on a reef 3 inches thick, where the stopes average, say, ; or Ins , . . 

1,,' 'h the reef matter in every ton of ore mmed IS only 7 per cent., 
~ mL cs, .. 1 f 

1 .' ming that we have 50 tons of fines contammg 3jl tons 0 
;1111 , ,ISSU . . . 

f have 50 tons of coarse rock contalllmg the same proportlOn. 
I'I'U we , 
II', H'llch instances it might be possible to sort 40 tons of waste rock 
. VI'I'Y 100 tons from the mme. IIIIl • • 

()II the other hand, we may have 12 feet of reef matter, of whlCh 
WII minc, say, the central 8 feet, and as the whole of our product 
wonlll be reef, no sorting would be possible. 

Thesc are two extreme cases and between their limits will occur 
1.11I~ variations between 0 and 50 per cent. sorting. 

[ have thus far assumed 50 per cent. as representing the average 
pJ:l'ccntage of fines in ore from the mine, but naturally there are 
considerable variations in this factor dependent directly on :-

(1) Setting of Grizzly Bars. 
(2) Method of Stoping. 
(3) Nature of Ground. 

[f machines are used exclusively for stoping, the percentage of 
lillI'S will be high, whilst if hand labour only is used the percentage 
will he low. On many mines a combination of the two is resorted 
1.11. :10 per cent., however, represents about the minimum and 60 
pur cent. the maximum, and something between the two, say 40 to 
flO pnr cent., will be the average. 

With 50 per cent. fines it is necessary to carry out an actual 50 
1"'1' cent. table sorting to represent 25 per cent. on the tonnage 
lIlined, 

On the above shewing it is clear that where it is possible to sort 
ollt waste rock of an average value of 2 dwts. it is a highly profit
:1 hIll proceeding. It is possible, however, to sort too little or too 
lIIllch, On a 3-inch reef with a 4-foot stope and 40 per cent. fines, 
~() per cent. sorting would be far too low, whilst on a 3-foot reef and 
·1 fool, stopes, allowing 50 per cent. fines, 20 per cent, would be far 
LOll high, and the average value of the discarded rock would reflect 
LhiH. 

1';1\ch case must, as before stated, be figured out on the par-

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



122 Denny: Metallurgical Practice [JULY 1903 

ticular circumstances regarding reef and stope thicknesses which 
obtain. 

In some cases on the Witwatersrand I have heard it argued that 
the quartzites immediately overlying or underlying the reef, carry 
sufficient gold to make their treatment profitable, but I have not 
met any such cases persollally, excepting in some isolated sections 
where the occurrence is too limited 'to influence the general 
question. 

Naturally the object of sorting is to discard rock which cannot 
be treated profitably, and if the value of the waste rock at any time 
exceeds this limiting factor, then the operation is done at a loss. 
That limit will vary according to conditions and must be computed 
independently for each proposition. 

It is not an easy matter to arrive at the value of waste rock. I 
know of no method of sampling in vogue to-day, which could be 
called accurate. The best check on the work is the recovery set 
against the value in the mine, and the discretion of the manager 
must be relied upon to see that it is a proper correspondence 
between these two points. 

There are methods which suggest themselves certainly, and of 
these either of the two following might be adopted :-

(1) A certain percentage, or even the whole of the waste rock 
coming from the sorting plant to be passed through a 
set of two or more breakers and reduced fine enough 
to be sampled. Samples to be taken constantly over a 
period of one month, and the operation to be repeated 
every few months. 

(2) 5 or 10 stamps to be occasionally set aside entirely for 
waste rock, and the crushed product to be treated inde
pendently of the ore passing through the remainder of 
the mill. 

Of these two alternatives the first is the more feasible, although 
the second is undoubtedly the more accurate, but the expense 
attaching to the latter method prohibits it. If a mine is not in 
a position to keep its full mill going, it might use some of the 
idle stamps for this purpose, and instead of treating the resul
tant pulp separately, take simply a careful series of screen 
samples. 

Another point which has arisen, and which bears very directly 
on our present condition, wherein, owing to shortage of labour, we 
are in some cases only able to mine sufficient ore to feed a portion 
of our battery, is whether it is not of greater advantage to run the 
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wlJ(Jlo mill on unsorted ore than to adopt sorting and keep stamps 

Iyill" idle. 
'j'~ke the case of a mine equipped with 100 stamps where only 

;lflO tollS of ore can be milled per day. If 25 per cent. sorting is 
".!II]1led only 75 stamps can be run, whereas without sorting the 
flill will could be kept running. 

,\Hsnme the ore consists of 50 per cent. coarse rock and 50 per 
"1'111,. Jines, and is worth, delivered at surface, 14 dwts., and that we 
s",'llI'O 1'0 per cent. recovery in either case, and that the waste rock 
di,,'::ll',lod in the case of sorting is 2 dwts., we then have the following 
"'"llp:lmtive statement:-

CASE FOR SORTING 

100 stamps will crush 500 tons of ore per day. 
:l!i0 tons fines at 14 dwts. 3500 dwts. 
12!i " sorted ore at 26 dwts. 3250 " 

'l'IILal,375 " of ore at 18 dwts. 6750 " 

~() por cent. of 18 dwts. = 14'4 dwts. at 4·2s. = 60·48s. recovery. 

EXPENDITURE 

Per ton milled. 

,\I illi".,:, £0 14 0(375 tons) £262 10 0 
1:l'llSililig 0 0 6 

" 9 7 6 
SC)l'ljll:~ 0 0 6 

" 9 7 6 
!\lillillg 0 2 6 

" 46 17 6 
I ~y;IIJidilig 0 2 6 

" 46 17 6 
S Ii 1I1I:H handling 0 0 6 

" 9 7 6 
( : "IIIJI':t! 0 3 6 65 12 6 " Ikul ()lIiee 0 2 0 

" 37 10 0 
~lill': dl:volopment re-

,j"lIlpLion 0 4 0 
" 75 0 0 

---- -----
£1 10 0 £562 10 0 

Profit, 30·48s. per ton = £571, lOs. 
1'\,,,,,,. Cl'Uslling and slimes handling are figured in this case to slightly 

1''','1'''''' ""II-Horting.) 

CASE FOR NON-SORTING 

',(II) tOlls at 14 dwts. =7000 . 
• -;111 1111' eent. of 14 dwts. = 11'2 dwts. = 4'2 = 47'04 per ton. 
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EXP];NDITURE 

Per ton milled. 

Mining £0 10 6 (500 tons) £262 10 0 
Crushing 0 0 6 

" 
12 10 0 

Milling 0 2 6 
" 

62 10 0 
Cyaniding 0 2 6 

" 
62 10 0 

Slimes handling 0 0 6 
" 

12 10 0 
General 0 3 0 

" 
75 0 0 

Head Office 0 1 6 
" 

37 17 0 
Mine development re-

demption 0 3 0 
" 

75 0 0 
---- -----
£1 4 0 £600 0 

(NOTll.-General charges are figured in this case to slightly favour sorting.) 

Profit, 23·04s. per ton. 
500 tons at 23·04s. = £576. 

Difference in favour of non· sorting, £4, lOs. 

0 

In the latter case, however, there is an extra charge for loss of 
water, and for depreciation of the extra stamps to be run, and if . 
these allowances be made there is in the comparison above made 
remarkably little difference. 

The whole issue hinges finally on the value of the rock discarded. 
If that value is only 1 dwt. then sorting will prove advantageous, 
but if we allow 3 dwts. for the waste rock then it would pay to run 
the idle stamps, and it is. on the determination of this factor that 
the policy adopted must be guided. 

This comparison must in no way be confused, however, with the 
question raised in the first illustration in which the tonnage crushed 
is equal. 

(NOTE.-In computing the costs in this comparison it will be noticed that in 
the case of sorting, the charges for Mine Development, Mining, General, and 
Head Office are increased on the smaller tonnage milled.) 

MILLING 

After passing through .the breakers the ore is delivered by con
veyers, mechanical haulage or hoist, to the mill bins, and passes 
from thence through' shoots to self-feeding devices which are 
operated by a certain falling stamp in each mortar box, and con
trolled automatically by the quantity of ore between the shoe 
and die. 

The batteries for final ore reduction consist of stamps weighing 
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s~o to 1350 Ibs. per stamp, these being run at 90 to 96 drops 
frOli l ' .J • 

. t with a heiaht of drop of about 7 mches. 
'I 11111111 e, b 
, '1'1' ortar box is designed with good clearance round the shoes, 

II. m . l' d f 1 
1 

.' y provision is made for renewable wearmg mers an a se 
all' I' er 
IlIll1.oms. . . . 

TIlt: screen frames are generally set at an outward mchnatlOn as 
1'1'''111 top to bottom, but this practice has been modified, on some of 
11,,' I!lines with which the writer is connected, to great advantage, 

I II ; II I nantity crushed, in lowering the percentage of slimes pro-
HI Ilk h . b' dil",.d, and in saving in scr~en brea ages j t e practice emg to set 

t "" ';1~reUIlS in 2 inches or 3 mches closer than usual to the shoe, and 
ttl i IwlilHl the screen frame inwards instead of outwards. 

'1'1111 ~(,lIeral standard mesh of screen employed ranges from 400 
ttl lilill . though there are some few instances which, I believe, come 
,.illll'I' 'nnticr or over the limit given. The reason for the variation 
ill II,,' mesh of screen is not quite clear to the writer. The rationale 
IIf !illcr or coarser screen is of course quite clearly-in the Rand 
1II';lI:ticc -referable to the product discharged, and to the possi
l,iliLies of obtaining the gold by amalgamation and subsequent 
I'Y:Lllilic treatment. But taking a section of the Central Rand, say 
frlllli the Robinson Mine to the Heriot, there is no special differ
"111 ;:Ltion of features, so far as the writer is aware, which from a 
1I111l,allurgical standpoint, can be claimed as determining a necessity 
1'111' :~ variation in mesh from 400 to 600. There may, of course, be 
Cllllc;liorations of plant, of facilities, etc., on a certain mine which 
1:11:11"0 the 400-mesh product to be leached for a greater length of 
l.illll1 than the 600-mesh product on an adjoining property, but it 
:l1'11I:lIr8 to me these casual considerations should not be permitted 
I.Il :tJl'ect the best result, but that the conditions of treatment should 
III' hrought into line with the necessary demand, and if a 400-mesh 
pr<Jdllct be as good as a 600-mesh product for extraction purposes
if cldlicient time is given, and if that extra time does not affect 
Ill" :lIlvantages-then, in view of·the increased tonnage that would 
1", diHcharged through a 400-mesh, it should be adopted in lieu 
of (j(lO-mesh. 

Tho duty per stamp per'day ranges from 4 to 6 tons, and 
aVl'rages for the large majority of mills about 5 tons per 24 hours. 

II. is obviously to the great advantage of the mines to secure from 
tIll';!' mills a maximum crushing efficiency-since it is only'as a 
(Jl'llching medium that stamps are regarded-in order to economise 
111\ I:;tpital expenditure for plant, for bin provision, buildings, etc. 
It. h"H frequently occurred to the writer as desirable, from the 
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standpoint of stamp economy and efficiency, to size the whole of the 
ore before placing it in the mill bins, subsequently feeding this sized 
product into various compartments in the mill bins, and having 
stamps of various weights decreasing in proportion to the size of the 
product. 

Innumerable machines of more or less ingenious design have been 
tried in all parts of the world as substitutes for the stamp mill, but 
though some of these, such as ball mills, grinding pans, centrifugal 
grinders, etc., find some place in the economy of mining, they have 
all signally failed to supplant the stamp in efficiency. 

AMALGAlIfATION 

Generally speaking, the banket ores of the Witwat.ersrand offer 
no particular difficulties to the amalgamator, provided the ore is 
cl'Ushed sufficiently fine to allow of the liberation of a large per
centage of the gold content. Naturally the coarser the nature of 
the gold the higher the percentage of extraction by amalgamation. 
If the gold is very fine, it is carried in suspension over the plates 
without coming properly into contact with them. 

It is a curious fact that the percentage of extraction, by amalga
mation on the Witwatersrand, decreases from the west towards the 
east of the line of reefs. The returns of the Durban Roodepoort, 
Henry Nourse and Driefon tein Consolidated Mines as respecti vely 
representative of the West, Central, and East Rand illustrate the 
above statement. 

, On the whole, the operation of amalgamation shows no noticeable 
deviations in method on any of the mines, and any minor deviations 
which occur do not affect the general principle. The ordinary 
practice may be briefly described as follows :-

Mortar Box Amalgamation.--This is generally c'onsidered super
fluous, although it is still adopted on one or two of the high grade 
mmes. 

Copper Plates.-The copper plates are usually from 12 to 15 feet 
long, and of the same width as the mortar box. The thickness of 
the plates is about 3-16th inch, whilst the fall varies between 1 inch 
and 2 inches to the foot. With five heavy type stamps, about 
25 tons of ore and 250 tons of water per day will pass over each 
plate. 

Discolouration of Plates.-It is unusual to see any great discolour
ation on the copper plates on the Rand after they have become 
thoroughly set, and even where there is a slight tendency in that 
direction, it has not been found detrimental to amalgamation. 
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I d Ocate the use of a little lime, fed at intervals into 
I ,II'IllI" Y a v .' I ','; d I believe this step IS becommg general. n every 

IIII' IllllllnllS, an . . d' I t' h 
th O has been done m my experIence, ISCO oura IOn as 

"'," Irll!:rc IS I . h h d 't ( , . , " ous by its absence, and ama gamatlOn as reac e I s 
1/1"'11 ['lIllsPICl1 . h th 

, ft' " ncy An excess of hme may, however, ave e 
11I"Ill'st. 0 ICle . h fl" h tr t """ ffc t The only objection to t e use 0 Ime IS t e euec 
"1'1"",d,1 0 c. . d h . t b . 'th settlement of the slimes, an t e quantIty mus e so 
11 1,,1, III e . . f 
1,(",,,Lti.ctl tbat it does not appreciably mcrease the percentag~ 0 

I '~ ,,' the settled sands. There are cases, naturally, where hme 
, I If" , Itl . '1 I" 
, t cessary but speakiug generally Its use WI I resu t m m-
IS 1[11 J Ile , 

ITna,,!d officiency. 
I i(l"sill,1 l'lates.-It is usual to dress the plates about every four 

IIIIIII'~. " 
,f //III/lid of Mercury used and the, Regulatwn of the Supply,-Takmg 

till' li,fllroS over a number of mills the loss of mercury per ton of 
lin! ""~Hhed is approximately 1'3 ozs., whilst the supply of mercury 
is Il'glllated by the condition 0: the plates .. -Where the amount of 
"lIld caught is small, there will be very little mercury used, and 
h 

vi,"! VOJ'Ha. 
/ '1t'l'I'Tltage of Gold in Amalgam.-The percentage of fine gold in 

"I,:alll:d and squeezed amalgam may be taken at about 30 per cent. 
Ilf so!110 cases it is as high as 37 per .cent" depending upon the 
('1I:II'SI:I1CSS of the gold and the care used in cleaning. 

SI, illl,lIlings,-The skimmings vary with the coarseness of gold, the 
(,lIlIdition of the ore, and the amount of mercury used. The coarser 
Liln gold the lower the percentage of skimmings, whilst the finer the 
gllid ;llld the higher the percentage of sulphurets the greater the 
:1I111'llIlt of skimmings. 

f;/{/d~ Sands.-On the plates themselves and in the trough at the 
1,"11.0111 of them, the settlement of what, is usually termed black 
salltis iH accumulated. This consists of a certain percentage of 
,'lIll'lllIl'Ots and heavy sands together with small pieces of iron worn 
"II' t.lro Hhoes and dies. The accumulation is ground in a small 
gl'illdillg pan and cleaned, and such free gold as is liberated is 
('xt.l'adl:d by amalgamation, whilst the balance is disposed of to 
('1ll'lllieul works, 

liit: Sands.-In cleaning up the boxes a small quantity of sand is 
IIHIIaily obtained containing gold that will ,not pass through the 
HITI'I:IIH, but the amount is small and easily handled. 
, /l'lItl'r Temperature in Amalgamation.-The condition of the plates 
III 1'1':~:lI'll to the temperature of the water must be carefully studied, 
allti, IlIlCO having ascertained the point at which the best results are' 
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obtained, the conditions should be so regulated as to constantly 
keep to the one temperature throughout as nearly as possible. 
Anything over 100 0 F. is prejudicial, tending to soften the plates 
too much, whilst something between 90 and 100 degs. appears to 
best meet the requirements. 

Scraping of Plates.-In some mills the plates are never steamed, 
in others they are steamed every two or three months. There is 
some divergence of opinion on this point. One millman claims that 
with a light scrape and steaming at intervals he gets the best 
results, whilst on a neighbouring mine it is claimed that with a 
light daily scrape, succeeded by a heavy scrape at the end of each 
week, they get the highest efficiency. 

Personally, I do not believe in steaming if it can be avoided, 
because there is no doubt that some time elapses before a plate 
regains its condition, whilst even a comparatively heavy scrape, if 
conducted carefully, need not injure the plate. 

There are times when the requirements of monthly output call 
for all the gold from a plate, and only in such cases should steaming 
be resorted to. 

Recovery by Amalgamation.-Taking the average of the producing 
companies in 1899, the total gold accounted for by amalgamation 
represented 66 per cent. of the gross per cent. 

Our most simple process is, therefore, responsible for two-thirds of 
our gross revenue, and as all our subsequent operations are expen
sive and are only moderately efficient, it is of the utmost importance 
to do everything possible to keep our amalgamation practice at its 
greatest efficiency. Every pennyweight of gold that passes over 
the plates only yields on average 80 to 85 per cent. in our subse
quent operations, and carelessness in amalgamation thus results in 
heavy loss. I must confess that I cannot suggest any radical im
provements in our present methods, but it may not be out of place 
to refer to a case in Australia, where it is claimed that an improve
ment was effected by a very simple expedient. The operation was, 
to begin with, conducted on lines identically the same as those 
obtaining here, and when it was found that the extraction from the 
plates was low, it was decided to build a cement table some 50 feet 
in length, over which the pulp passed before it reached the plates. 
It was claimed that in passing over the cement table the particles 
of gold were brightened and were therefore more easily caught on 
the plates. I regret that I have no reliable figures iIi support of 
this contention, and I merely mention the instance as illustrating 
an innovation which has not to my knowledge been tried here, and 
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Concentration and Recovery 129 

I ',1, ' view of the vital importance of this question, that no 
I ! 11.'a, III . 

I I ,·hl' ch shows the least possible chance of Improvement 
111 ('1 ; f H' . 
,1 ,11 11 i lie entirely overlooked, 

CONCENTRATION 

i" .Inl\' 1899, there were 14 companies out of 77 producing 
, 1 )',,' "'llich were making and treating concentrates, 8 of them 

I 1!lll'" I :-.. '-' 

", i I :, lIlt' cynnirl e process and 6 chlorination. 
III 111:Lt month over 4000 tons of concentrates were treated out of 

"' 1'1 ~;I(),()()O tons crushed. 
( 1,,1, flil" company had its own chlorination plant of the 6 whose 

,III" "IIII','t'~" wpre chlorinated, the practice in the case of the other 
, I" : II" III :'011 the concentrates to chlorinating works. 

(II i I", t.lltnl tons crushed the percentage treated as concentrates 
I t IIt'JI'l'lIl"1' about 0,5 per cent" and as the average percentage 
1111" l:i'OI I\, the Hand would be something like 3 per cent., there is 
, :'\ 1"111,, a divcrgence of opinion as to the utility of the operation. 

1'111' i']'jcct of concentration is primarily to separate a certain 
IJI"I'I'I'lIta:;e of the pulp containing a large proportion of the average 
",,101 1'1111((1111, from the balance of the lower, grade pulp, and the 
11',1 "II 1'111' this separation is that the treatment adapted to the 
1,11\ ,'I '1,;,1{" ~;t~ction is not so successful on the concentrates them
,,1\ ", IIIII! all iudependent treatment is therefore called for. 

1:.\ 111'1',0';011 ill other words the question resolves itself into the 
.',,11'1111'111, that, whereas in certain cases, by adopting concentration 
\II' ,II :lldo to secure an average recovery of say 88 per ceut. of the 
, III" i ,~IIIt! ill the pulp, we cannot, without its employment, obtain 
"I \' 111111'11 than 78 per cent. 

'\I""'J1tiJl:~ this statement as being approximately accurate, it 
,1111,,\\ II,:I,\' the additional extraction obtained must represent a 
'II',I!I'I IIIIII':',ill of profit, after payment of all the expenses entailed 

III I iii 1111 im operation, than would result from the ordinary treat-
1111'111 \\'illlllill. concentration, 

II" 11111:, have the value of concentration defined as the increased 
1'111 111 I'I"ltllill:~ from a higher gold extraction after payment of all 
" '\ II' II I'., 

III Illly:,;i\'on metallurgical proposition on these fields the points 
11,11,1 Ii 1,1, t':dJ for attention in the consideration of the application of 
('(I'I(TIl1I'atIlHl nre:-

(1) The percentage of concentrates. 
(2) Value of the concentrates. 
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(3) Their amenability to the ordinary cyanide treatment as 
used for sands. 

Taking the case of a running plant, it is not difficult to determine 
these three factors. The first two can be estimated from the daily 
pulp sample, and the third from the residues discharged from the 
cyanide treatment vats and the settled slimes. In fact the assay 
value of the two last mentioned products could in almost every case 
be taken as a guide, seeing that if they are high there must be some 
refractory constituent in the ore which requires special treatment. 
To test this, careful pannings should be made of both the residues 
and slimes and the resultant concentrates assayed, and in almost 
every case, according to my own experience, it will be found that 
these concentrates are responsible for the high value. 

Although the banket ores of the 'Witwatersrand Main Reef series 
may be justly described as being remarkably uniform in mineralogi
cal character, there are physical variations in their constitution 
that are of considerable metallurgical interest, these having a 
marked influence on there amenability to different methods of 
treatment. 

Firstly, there is in point of hardness a very material difference, 
as for instance, between the Roodepoort United Main Heef and the 
New Goch Mines, and this is well illustrated by a recent trial, in 
which a skilled hammer boy bored six feet at the former mine in 
2 hrs. 40 mins. as against from 5 to 8 hrs. at the latter mine; and 
at the mills at these mines crushing to 600 mesh we find that a 
larger proportion of the pulp will pass through a 90 x 90 mesh at 
the Roodepoort United than at the Goch. At Roodepoort, conse
quently, we have to deal with a larger percentage of slimes. 

Secondly, we find that the pyrites on one mine show a greater 
tendency to slime than on another. 

Thirdly, we have established the fact that, whereas the pyritic 
constituent at one mine readily yields its gold content to the ordinary 
cyanide treatment-owing to the fact that it readily slimes-we 
can in other cases only obtain a low extraction. 

Fourthly, the pyritic constituent at one place is under 2 per cent. 
whilst in another it is over 4 per cellt. 

Fifthly, even in high-grade ores the concentrates may have on 
one mine a very high gold value, and in others a comparatively low 
one. 

It is clear that in consequence of these differences the treatment 
at one mine may vary considerably from that at another, and yet 
both may be doing satisfactory work. 
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:\[\\- I,IIljjl,IILiI )11:\,[:-:-, LDlll'LU 

[, :~ '.~\. T. :.\.J::I:\ - CIl:\C.:\I?;~-nS Inr~~) )10);1':· .... 

~";,, ' 
:.!l.,i Fl)ull. :\,\"" "" (I~ :'-5hI11,5. 

Electric 
Light. 

,l,says. Tnlllsl'urt. Treatment. T"tal-. 

£ s_ d. £ s. o. I £ ". ,1., £ s. (. £ s. d. £ s. d. £~£-~. :-- £ s_ d. I £ s. d. 
January. 13D 13 6 52 11 6 41 0 2 D3 0 3 I 0 14 4 11 5 0 3 17 0 86 18 6 \ 1175 0 0 1603 19 9 

February 122 10 0 I 54 7 9 42 18 10 89 4 9 I 0 10 1 5 14 4 2 1 6 155 5 0 890 0 0 1322 12 3 

March 139 15 0 22 13 2 59 2 9 96 1 0 0 10 7 4 16 2 1 8 8 114 5 6 850 0 0 1288 12 10 

April 142 17 6 57 9 5 61 12 9 91 17 3 65 8 5 19 16 2 4 10 3 121 10 0 775 0 0 1339 11 9 

May 128 12 11 19 16 3 67 15 10 93 14 9 16 11 7 1 11 9 32 15 5 109 0 0 900 0 0 1369 18 6 

673 8 11 1206 III 1 272!0 4 463 18 0 83 15 0 42 13_5 44 12 10 546 18 6 4f,90 0 0 6924 15 { 

T01'AL TONS PRODUCED FOR 5 MONTHS, DRY WEIGHT, 985'544 TONS, 

Concentrate experiment cost for April, added in above 

" " "May " 
Half Transport cost for 5 months received from New Transva;,tl Chemical Company 

Cost of Production and Transport per ton Concentrates 
Cost of Treatment per ton Concentrates 

Total cost per ton 

£1 18 10 
4 13 2 

£6 12 0 

£84 13 2 
53 11 2 

278 19 3 
417 3 7 

£6507 11 6 
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Given 3 per cent. clean concentrates assaying 5 oz., per ton from 
which the ordinary cyanide treatment will only extract 50 per cent., 
concentration and independent treatment must be adopted, 
whilst contrariwise, granting that a high extraction-say 90 per 
cent.-could be obtained in the ordinary way, concentration is 
unnecessary. 

Between these two extreme limits there are many intermedIate 
stages which demand extreme care in determination. The high 
cost of concentration prohibits the treatment of anything but high
grade concentrates, seeing that as the value of the concentrates is, 
diminished, the greater ~s the comparative cost of treatment on the 
gold recovered. 

At the present time at the New Goch we make between 180 
and 220 tons of concentrates in a month, varying in value from 
4 to 6 ozs. "\Ve sell these concentrates to a chlorination works 
which gives liS 82 per cent. of the value on anything over 5 ozs., 
taking the gold at 80s. per oz. On 5 oz. concentrates, worth about 
£21 per ton, we pay 18 per cent. of £20 =£3'6, plus transport and 
other charges, bringing the total' to about £4 = 21s. per oz. On 
4 oz. concentrates we get 80 per cent. only. One ton is worth 
about £17, whilst we get 80 per cent. of £16, less charges, resulting 
in our receipt of about £12 per ton or a loss on treatment of about 
25s. per oz. 

The charges above given are for treatment only. The cost of 
concentration must be deducted from the return given, 'and this 
I deal with elsewhere. On 20 oz. concentrates we have a value 
of £85 per ton, and as the percentage allowed us would not 
probably represent more than £5 per ton cost, the proportion 
becomes very small. One oz. concentrates would not pay for 
production and treatment by chlorination process. 

The high cost of the proce!!s, therefore, limits its use to the 
treatment of high grade concentrates, and even on the latter the 
charge is abnormally heavy. 

The 'operation of concentration has been carried out in many 
ways on the Witwatersrand, but for the purpose of this paper 
I shall confine myself to two methods, viz. :-

(1) Frue vanner table, and 
(2) Spitzlutte, 

the first of which is now in use at the New Goch Mine and the 
second at the Robinson Deep. 

CASE I.-The Goch Mine in 1899, with a 60 stamp mill, was 
crushing about 9000 tons of ore per month and was using about 
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, "I T:r"te 17a1l1zer Method oif Concentration II L' 1111)., II Vi 
I"" .).) 

f "ter to each ton of ore. For each 5-head battery there lilli/II' II ".l . _ 
, f ~n average daIly result of 2;:, tons of ore crushed and 

\' I.' IIH'l'C orc, U , • 

" , f ,,·~ter used or a total of 275 tons of pulp passIng over 
./. II) I {JI1.~, (J u , 

~II" IIl:itl'S per day. . 
I ',"m the plates the pulp was passed over small spltll,kasten 

, t1 . overtiow from which took off 20 per cent. of the water 
i)()\l''-', Ie 

'I 'I' 'and was then conducted through a main launder to the 
;1[11 ,"" 111l(, • 

IIICI" of which in each case three W6re placed to deal wIth 
1]"111' \';11 '" 
,II,' 11I'1l11nct of five stamps. Baffles were so placed in the launder 
'" I" l'II;,lllc the operator to regulate the discharge of a uniform 

'1";IIlljl} to cach table. . " 
1:: ... 11 [;lblc had, therefore, to deal with 13 tons of pulp per day. 

TIll' Ilcl'l'outage of pyrites in the ~och ore, as~ertained by grav~
",,: Ii,' ;I:my, is 3'5 per cent., whilst by panmug the average IS 
1'111'1' l'l'ut. 3'5 pel' cent. of 9000 tons=315 tons of pyrites. The 

;,,'1 II,,] ;lllIouut of concentrates saved was on an average about 210 
11111' I"']' month and the pcrcent,age of pyrites in these concentrates 
1;" 111'1' I: .. nt. Thus the total quantity of pyrites saved was 136'5 
I "II ,," I, of a total of 315 tons = 43 per cent. There were in all 
,:Ii ""llIl'rS working, the product from each amounting to 3'8 tons 
"I 1',\liIIIS per month, or 0'126 tons per day. Of every 73 tons 
"I 1".11' passing over it each vanner extracted 0'126 tons per day 
'>II\. III' :I possiblc 0'293, the balance passing into sands and slimes. 
I'll,' ,'\"I':'gC value of the concentrates in the month of July 1899, 
""; I "I.~. Ii dwts., in addition to which there were 1'4, tons of 
\':11111'1' .Iimes assaying 16 ozs" and from the vanner plates 54 ozs. 
,,!, :l11I:l1:<am were obtained. The statement (on preceding page) 
"'111'1'1, 1.hc cost of production and treatment over the period, 
,1:I"II:lI''y to ,May ID03, inclusive. 

S"II'I';iI trials were made to treat these concentrates by prolonged 
1":I .. llill~ with cyanide solution, and they were even re-mixed with 
0;:11111, I" :tHsiHt leaching, but the results were most disappointing 
II ",11111,,1, however, be considered a satisfactory condition of things 
11'111'11, 1:\ 1:1l with concentration, we are called upon to face a charge 
IIIL'li, I :.i.-:. pCI' ton of concentrates, equivalent to 3s. per ton of ore 
Illill,'d, :llId although it is more economical to face' this heavy charge 
l'at.I",,' Illan allow the pyrites to escape iuto our sands, it leaves very 
,:"'1':11 11111111 for improvement, and our attention for somc time past, 
III 1:"'1 y,,:n'> has betn directed towards effecting this. 

I."lill'l: .~olllg further on this point, however, I wish to refer 
III~I'II.I' I,ll the Robinson Deep results from concentration with 
'1IIII.itlt.ll: ailil subsequent cyanide treatment, and I have extracted 
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134 Denny: Metallurgical Practice [JULY 1903 

the following figures from that company's annual report for the year 
ending 31st March 1903:-

ROBINSON DEEP RESULTS FROM SPITZLUTTE AND SUBSEQUBNT 

CYANIDE TREATMENT 

TREATED. I ASSAY VALUE. 

Product. 

Per I Before After 
Tons. Cent. Treatment. Treatment. 

---
Concentrates. 11,095 7'9 13'026 3'160 

Sands 85,365 60'8 4'759 1'116 

Slimes 43,981 31'3 2'498 0'586 

--
Totals and : 

Averages. 140,441 100'00r 4'704 1'112 

Cost per ton Treated Concentrates and Sands 
Do. Slimes 

ACTUAL EXTRACTION. 

Per 
Cent. 

--
73-44 

74'87 

77'53 

--

74-85 

Dwts. FIne Gold. Fine Gold 
per Ton. 0 ... 

9'563 5,305'52 

3'563 15,209'64 

1'937 4,260'00 

3'521 24,775'16 

3/2'242 
3/1'001 

It will be noticed from the above that the average extraction is 
in the neighbourhood of 75 per cent. \Vith reference to the con
centrates, it will be noticed that they show a residue. value after 
treatment of 3'16 dwts., which is equivalent to a value of 16 dwts. 
on the clean sulphurets. This figure is arrived at in the following 
manner, and on the assumption that the concentrates contain 15 per 
cent. of sulphurets; 85 tons of sands at 4'76 dwts. = 404 dwts.; 
15 tons of sulphurets at 59'9 dwts. = 898 dwts.; total, 1302 dwts. 
The extraction obtained was 73'44 per cent. on the mixed product, 
whieh in the case of the sulphurets is equivalent to 44 dwts., thus 
leaving a residue of 16 dwts., as above stated. 

\Ve thus have in the case of frue vanner concentrates and 
chlorination a serious objection in the matter of high cost, whilst, 
in the case of the spitzlutte method, we have an equally serious 
objection on the score of recovery. After careful consideration, we 
have come to the conclusion that a combination of these two 
systems is likely to prove more efficient than either of them taken 
independently. 

Referring again to the case of the new Goch, we have, as before 
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,II I \ liIO;)] 
Classification by SPitzlutten 135 

, ,1 three vanners for each 5-head mill. We now propose to 
'LltLI1' a system of classification by spitzlutten, by means of 
I lit 1'nl lice . . ' . 

I 
. ,I tl c whole of the overflow, consIstIng of shme together wIth 

\I III 1 ) - • d' 
:I 1:Il'go proportion of the sands and water, w~ll pass away Irec~ to 
till: I.yanide works, whilst only the under dIsc~arge, representIng 

" lO to 15 per cent. of the total pulp, wIll pass on to the 
,,()JIlt . 

)
.e '" e are satisfied that in the under discharge from the 

\;!1I1I(' ."J. 
'i,ilzillttcn we extract the major portion of the heavy concentrates 
"i Ili"h "rade value, whilst in the overflow the percentage of con
,T "I'::~tllsn that escapes would in all probability still escape even if 

i'" ."Ilnvcr the tables. 
'1'111' l'IIRult of the alteration will be, firstly, to enormously increase 

Iii' 1':II':teityof our vanners in their relation to a given number of 
,':11111" ill the battery, and secondly, to considerably improve the 
\I ",I, tinllC by each vanner. Instead of passing 73 tons of pulp over 
":11,11 ",lIlucr we shall not pass, under the new arrangement, more 
11,,111 i.) tons, whilst the proportion of ore to water in the pulp will 
III' lilo Hame, or may, without much difficulty, be increased or 
.\1'11'I'aSI'II at the will of the operator. I am confident that under 
IIII' III:onditions we shall save a large percentage of our contentrates, 
,11111 th:tt the proportion of pyrites in those concentrates will be 
ili,:illll' than it is under the existing conditions. 

,\ '1lllling these expectations to be realised, we should at lower 
"I> I 1IIIIko a somewhat. higher tonnage of concentrates, but of a 
111'111'1' :.;rttdc, and our sands residues would be lower. Incidentally 
I 111",1' 1IIIIIltion that the Goch mill is being increased from 60 to 
I :!II "I II IllpH, and the present vanner plant under the new scheme 
\\Iil I", lIlorc than adequate for the whole mill. 

'1'" ;lITive at some understanding of the relative methods of con
"'1111:11 inll ahove reviewed, I have drawn up the following com-
1'111 .1111, li:';lIl"cd on an ore of equal value in each case. The factors 
"III!,i",I'l'll arc only assumed, and the results, therefore, may only be 
1i':::ll'dl'll as very approximate. I have endeavoured to make the 
:I,-;;IIII'I,liIlIlH correspond as closely as possible with the evidence 
:11:111., 1,[". :tlld I consider, as an indication of the probable results to 
i", 1>1,1 II i II Jill from the respective methods, the figures given have a 
,'1'1'1:1 ill I'a 1111'. 

('11\11' \ I: wrVE STATElIIENT SHOWING RESULTS OBTAINABLE FRO II! 

(I) Vanner concentration and chlorination. 
('~) Hpitzlutten and cyanide. 
(:l) Hpitzlutten, close concentration and chlorination. 
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Denny: Metallurgical Practice [JULY 1903 

CONSTITUJi:NTS AND VALUE OF ORE AFTER PASSING 

AMALGAlII TABLES 

The values and proportionate quantities are approximately correct 
under this heading for actual work done on the New Goch Gold 
Mines, Ltd. 

The gold is taken at 85s. fine and thc output at 12,000 tons. 
4 per cent. sulphurets at 73'5 dwts. per ton. 
68'5 per cent. sands (exclusive of sulphurets, which are included 

above), at 3'38 dwts. per ton. . 
27'5 per cent. slimes (exclusive of sulphurets), at 1'254 dwts. per 

ton 
Tons. Dwts. 

Value sulphurets 480 35,280 .£7,497 

" 
sands 8,220 27,783 5,904 

" 
slimes 3,300 4,138 879 

12,000 67,201 £14,280 
Grade of above = 5'60 = 23·8s. per ton. 

The following are approximately the constituents, quantities and 
value obtained by the vanner method of concentration :-

CONCENTRATES-

Sulphurets 
Sands 

=£6,332 : 

SANDS-

Sulphurets 
Sands 

=£6,937 : 

SLIJIIES-

Tons. Dwts. Dwts. 
171 at 171=29,241=£6,214 
93" 6= 558= 118 

35'6 per cent. of total sulphurets. 

Tons. Dwts. Dwts. 
247 at 21'9= 5,419=£1,152 

8,127 " 3'35 = 27,225 = 5,785 
51'4 per cent. of total sulphurets. 

TOllS. Dwts. Dwts. 
Sulphurets 62 at 10= 620=£132 
Slimes 3,300 " 1'254=4,138= 879 

=£1,011: 13 per cent. of total sulphurets. 
67,201 dwts. = £14,280. 

The slimes need not be taken into consideration as their value 
would be the same in each case. 

It will be seen from the above that 29,799 dlVts. or 44'4 per cent. 
of the total gold contents have been concentrated into 264 tous or 
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II ,\ 1'"I:lj Profits from Concentrates and Sands 137 

,d I wI' eCllt. of total weight of ore. The cost of this would be 
-, ,t ly 38s. 10d, per ton concentrates, or 10·3 pence per ton 

,() II II I )\:1l11.t C ... _ 

II ,[ 1'( 'I)resen ting a total cost of £D 1 D. 
IIII I (, . • k 

" '/ I "oncentrates and Sands.-The reductIOn wor s return 
/ filIi 01 L 

;;'~ [,.'l' cent. of total gold contents on concentrates worth over 5 

,,;', 1,,'1' ton. 
I 'II:-';CE~TRATES-266 ton value £6,332 

:':,!';' pcr cent. of gold retained 
by rcduction works . £1,444 

( .'ost of concentration and trans-

l'()l't 515 1,959 

Profit £4,373 

,-; \ \ I )~--8,;37 4 tons value 
Iii per cent, of gold in residues 
'i'l'l'atment cost 3s. 6d. per ton 

£6,937 
. £1,110 

1,465 2,575 

Profit £4,362 
Total Profit £8,735 

(',hi': B. - SPITZLUTTEN AND CYANIDE-The product after 
"I" "ili.'atiou by spitzlutten would be somewhat as follows, judging 
I,.\' \\111'" d.me on these fields by this method, and redueing the 
\ ,,1111: IIr the various products to that of the ore taken above :-

Ijlll) tOllS spitzlutten concentrates (includ-
ill~ Hands) at 21 dwts. = 12,600 dwts. £2,677 

,-;,11 II) tOllS sands (including some sul-
JlllIll'cts) at 6'2 dwts. = 49,845 dwts. 10,592 

Till al value for concentrates and sands, 
aH !'ofore £13,269 

I f lilt: I:OHt of spitzlutten classification be taken as 6d. per ton 
"""''1'111 ratllN, the total cost would be only £15, 

l'noFIT ON CONCENTRATES AND SANDS 

( " I \ I '1':'I;'I'I:ATES-600 tons value 
III Jim' cent, of gold left in residues 
( '",,(, of treatment, say, lOs. per ton 

Prufit on concentrates 

£268 
300 

£2,677 

568 

£2,109 
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Denny : Metallurgical Practice 

SANDS-8040 tons, value 
23 per cent. of gold left in residue 
Cost of classification 

" 
treatment at 3s. 6d. per ton. 

Profit on sands 

£2,436 
15 

1,407 

Total profit on concentrates and sands 

CASE C-

[JULY 1903 

£10,59:! 

3,858 

£6,734 
8,842 

SPITZLUTTEN SEPARATION AND SUBSEQUENT CLOSE CONCENTRATION 

OF SPITZLUTTEN PRODUCT 

The same ore and tonnage as in the previous cases. Assume 
that the sulphurets caught in this manner are the same as caught 
by frue vanners, the percentage of sulphurets in each product being 
14. In this case we obtain products of the following quantities and 
values from the spitzlutten classification :-

CONCENTRATES-
Tons. Dwts. Dwts. 

Sulphurets . 171 at 171 =29,241 
Sands 1,236 "say 5= 6,180 

Sands, inclusive of some sulphurets-7,231 tons 
at 3'73 dwts. = 27,021 dwts .. 

£6,214 
1,313 

5,742 

Total value in both products (as before) £13,269 

By close concentration with, say, Wilfley tables we obtain a 
concentrate of say, 85 per cent. sulphurets with practically no loss 
of sulphurets. It will be remembered that the spitzlutten product 
is a classified one and any required amount of water may be added 
as desired, consequently the tables have a better opportunity of 
doing good work. 

The various products would now be, say :-

CONCENTRATES-

Sulphurets 
Sands 

Tons. Dwts. 
171 at 171 
28 at 10 

Dwts. 
29,241 

280 

199 29,521 
Average value 148 dwts. 

£6,214-
59 

£6,273 
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Treatment of Concentrates 

~,\Xll'i-

( ',I:II'HO 
I"illl' 

Tons, Dwts, 
1,208 at 4'88 
7,231 at 3'73 

8,439 

Dwts. 
5,900 

27,021 

32,921 

PROFIT ON ABOVE METHOD 

( ' \ 'j'''''1'1' \TFS-199 tons at 148 d wts. ( J ( . .... , ~J • 

(:o,~t concentration 88. per ton con-

l'l!lItmtc5 . 
,!:;.:-; pI'r cent. of gold 

lTllnction works . 

retained by 

Profit 

;-: \ \ lie.; H,139 tons at 3'9 dwts. .' 
Iii PI'I' I!pnt. of gold contents left III 

11!"illues . 
Tn'atmrut cost 8,439 tons at 3s. 6d. 

Profit . 

£80 

1,430 

£1,119 
1,477 

TIlLal profit on concentrates and sands 

S U;\IlIIAR Y 

('" d' ,\. I'rofit on concentrates and sands 
(':I'd' I:, 
I'"", (', 

" 
" 

" " 
" " 

£1,254 
5,742 

£6,996 

£6,273 

1,510 

£4,763 

6,996 

£2,596 

£4,400 
9,163 

£8,735 
8,843 
9,163 

139' 

'1'1", d",ltll'tioll to be drawn from this comparison is that, despite' 
IIII' 11,,,1, 1'11.'1. of production and treatment entailed in the classifi
":ll'"l'. IIII' I,IOHO concentration and chlorination method as adopted 
III ":I'''' (:., "IIIIWU considerably better results than either of the other 
I II" 111',1:1111'1', and if it be found practicable to successfully treat 
IIII' 1,,:,.1, :~I':I.dl\ eoncentrate by a simple cyanide method-as else
wlll'I'" IIldi":I\.nd in this paper - that improvement would be 
"'"11'11' ,,11.,1.1 i 1I1'1'1!:.tsell. 

Tm:ATMENT OF CONCENTRATES 

I hll' "I' 1111' I'liiof objections to concentration is undoubtedly the 
dllli"IIlly :I"d 1:~Jlcuse of treating the resultant product, and even 
I" ,J".I' II" 111111 110 material improvement in this respect over the 
1'1':"'1 i"" III' 1,'11 Y(!:.tI'S ago. 

TIlt' ,'I,IIII'i,,:II illn process, though an ideal one from the metal
Itll'~!il':d "'1""'1, iH, ~H before shown, too expensive for anything but 
11I,~h "1':,<1" 1I1:1f,(!rIai, and even on a 5-oz. concentrate absorbs a. 
I"'I'\' III~II I"))portion of the value on account of treatment. 
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In the matter of extraction nothing could be more satisfactory, 
for the reason that whether the value of the charge be 1 or 10 OZS • 

. an extraction of something ill the neighbourhood of 98 per cent. 
may be looked for. Doubtless the cost could be materially reduced 
if a group of companies, all of them adopting concentration, could 
agree upon the erection of a joint works, but as before intimated, 
,the number of such companies is comparatively small and such a 
scheme is therefore hardly feasible, whilst for any individual mine 
the initial outlay would be so heavy as to make the advantage 
.extremely dou btfuI. 

We have, of course, the cyanide process, which in some cases, on 
a charge containing about 20 per cent of concentrates, will, given a 
long treatment, show an extraction of 90 per cent., but in others 
the latter figure does not reach 50 per cent. Even in those cases 
where it is claimed that the process is doing satisfactory work the 
.expenditure, when taken with the value of the residues calculated 
upon a comparatively clean concentrate, represents an amount in 
.the matter of costs which certainly admits of very considerable 
improvement. The desideratum at which we must aim is an 
·extraction equal to that of the chlorination process with a concomi
tant low working cost brought down to the plane of cyanide treat
ment cost. This proposed reduction in working costs immediately 
eliminates the chlorination process from the range of possibilities, 
.seeing that the charge for calcination alone comes to something like 
20s., and we must therefore turn our attention to some other 
method. Before labouring this point further, however, it would 
perhaps be well to consider what the initial difficulties of the case are. 

It is, I believe, agreed by the majority of chemists to.day that 
,the nature of the association of the gold and pyrites in our concen
trates is a purely mechanical, and not a chemical on~: that is to say, 
that given a sufficiently complete disintegration of the pyrites, the 
whole of its contained gold will be liberated in the condition' of 
what is termed frce gold. Accepting this statement as correct, it 
is yet impossible to say how fine it would be necessary to grind the 
pyrites in order to free the whole of the gold, as in all prob<1biIity 
.after releasing 99'9 per cent. oUt, the final 0'1. per cent., or portion 
of it, would be so minute as to defy any grinding medium. We 
are, however, concerned more with the practical aspect, and for this 
the percentage named will suffice. . 

It is clear that if a particle of gold is encased in a solid piece of 
pyrites, through which no cyanide solution can percolate, we cannot 
hope to dissolve that gold by immersing the pyrites in such a solu
.tion; and following on this statement, it is equally clear that our 
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"'}::I Cyanide Solutz'ons and Concentrates 141 

. Illtl vary fLccordin a to the percentage of gold liberated. 
\' r'II'(l()ll w'O (., ~ b • 

" " 11 ·'Ilation process we first of all conduct the operatIOn of I, ,J" "I ()\ I , 
" . which leaves the pyrites in such a condition that the 

":,' ~"! i ::11 : ".Il'lutl· Oil can easily gain access to all particles of gold which 
J';' It 111/. Sf) 

, " .' ally encased and hence the high extraction; whereas in 
\' 1')1' III'lglll (., . . 
I:'" "plli,lc tr~atment it has been customary to deal dIrect WIth ~he 

: ,,' "ttO.R without resorting to any preparatory measures, WIth 
1 11 11 1" ,11. 

II,,' I ,",nIt that as the solution does not affect the pyrites, an encased 
: ,I,> of "'old escapes the action of the solvent. 

],11'1. 1 t-o 
: :'lIt cOllyinced that to this feature, apart from the question of 

II" tlillicnlty of percolation when treating clean pyritic charges, 
III' \ 111' ascribed the scanty success that has so far characterised the 
"II ;'"'1ltR to treat concentrates by cyanide solution, and it is also 
1"'I"III.'iiblc for the f~ct that many mines ha;e not e~ployed con
,,'IIII:tlICJI\ plant, whIlst others pay a very lugh premIUm for the 
II " "I' the chlorination process. I propose now to briefly describe 

,,1111' tlxpcriments which have recently been conducted at the New 
1:,,,1, (;01,1 .\Jines, where, as before stated, we use a frue vanner 
,,,I,,,'ltratiug plant, from which, when running 60 stamps, we 
,,1,1:1111 ovcr 200 tOllS of concentrates per month, worth between 
1",1,' :11111 fivc ozs., the treatment of which by chlorination costs us 
,,111,111 '~1'7 per cent. of the gross value. 

I ',I,ll'" (Jntcring into the details of these experiments, it may be 
,r1 i III, 'I""t to state that, after careful investigation, I found that the' 
~'"lri "lJlltainrd in the sulphurets in the ore on the 'Vest Rand was 
111111" I""dily cxtracted, when treated in conjunction with the sands. 
I" Illriill:!r.r percolation treatment, than that in the sulphurets on, 
II", 1<,lsl I~al\(l. 

1'111' li!",t tests, conducted to determine the practicability or other
\\ I " "I' i!'mting the frue vanner concentrates from the New Goch 
,\ 11111'. 11,1' "Y::lnide, were by ordina~y percolation, using varying 
1,"'11:'11, :LIIcl quantities of solution. In none of these were satis-

1.1"1"".1 II ,nIts obtained, although in each case a full month's treat-
1111111 11:1, :j,'en. After carefully considering the evidence when 
'111I11I,'l'i""d, wo arrived at the following conclusions:-

( I) 'I'llnt weak solutions did not dissolve the gold sufficiently 
rapidly. (Increased strength of solution, even towards 
lite encI of the treatment, invariably resulted in increased 
I':L tc of extraction.) 

(:!) That ~vith the use of strong solution the consumption of 
".";\IIlde became abnormal. 

(::) That increa~ed volume of solution did not greatly accelerate 
1 hi' c'xtractlOn. 
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Denny.. Mdallurgical Practice [JULY 1903 

(4) That any given strength of solution 'dissolved a gradually 
diminishing amount of gold, that is to say, that there Was 
no great disproportion between the percentage amount 
dissolved by the first solution as against the last 

(5) That simple percolation gave very low extraction, 
(6) That the condition of the concentrates as ordinarily pro

duced by mills was such as to render a high extraction on 
this system impossible, 

One curious feature of this experiment was that in the upper 
hyer of the experimental vat the extraction proved to be much 
.higher than in the lower. 

The detailed result of one of the tests, ill which 0'4 per cent. solu
·-tion was 'used throughout, is as follows:-

Assay value of charge (200 Ibs. weight) 
Assay value of residues 
Extraction 
'Consumption of cyanide 

149'4 dwts. per ton. 

" 71 '62 per cent. 
20'56 Ibs. per ton. 

In this case the rate of solution as before indicated gradually 
diminished throughout the treatment, being about 50 per cent, lower 
at the end of the twenty-eight days' treatment as compared with 
the first day. When it is considered that the amount of gold con
tained was also diminishing it will be seen that there is no great 
disproportion in the percentage extraction per day. The experi
ments throughout were conducted on newly-made concentrates, to 
which an alkaline wash was given prior to treatment, 

Having convinced ourselves that by this method we could not 
expect to obtain a satisfactory extraction, it was decided to turn 
our attention to a further set of experiments, in which the chief 
feature should be agitation. In this respect we were fortunate in 
having the services of Mr T. H. B. Wayne, a highly qualified metal
lurgist and chemist, who had had considerable experience in experi
menting on 'Vest Australian ores on similar lines, and the subsequent 
-experiments were conducted under his supervision. 

Agitation with cyanide and bromo-cyanide solutions is by no 
means a new idea, having been tried in New Zealand, Australia, 
California, and elsewhere. For a number of years it has been used 
.in the treatment of slimes in both the decantation and filter press 
processes and also in several chlorination processes, It is also used 
in the Reicken Process, where the 'whole of the roasted ore,is treated 
by agitation in cyanide solution, but I am not aware of .any plant 
running to-day where it is used in the treatment of clean con
·centrates. 
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," A ·itation with Cyanide Solution 143 
11 [" '''"I /1 

. . d t '1 d statement showing the progress of the f Howmg IS a e al e h 
TII(! () N ember 6th to December 5t :-

In':tl,,":nt as from.l. ov 

[1,1". 
Solution. Residual Solution. 

Strength Amount. 
Strength 

Remarks. KCN. KCN. Ills. lb. per cent. 

-
""I. Ii 

7 
:-: 
!I 

III 
I I 
I~ 

I 0'4 Alkaline wash. 

I 

O"! 80 nil 
0'4 40 0'07 

I 

0'4 40 0'09 
0'4 40 0'16 
0'4 40 0'21 
0'4 40 0'25 

I" .. 0'40 40 0'25 
I I 0'4 40 0'25 
I:, 0'4 40 0'25 
IIi 0'4 40 0'24 
17 0'4 40 0'24 
1,-": 0'4 40 0'25 
I!I 0'4 40 0'25 
:!II (H 40 0'25 

~I 

{water wash was used 
0'0 40 0'11 and charge removed as 

in double treatment. 
.,., O"! 40 0'16 
~~ I 0'1 40 0'19 
~~: I 0'4 40 0'22 
~~ I j O·t 40 0'23 
. ~ "i 0'4 40 0'24 
:',-) o·! 40 0'24 
~J ~ t 1I·,j· 40 0'24 

()'4 40 0'24 
o·t 40 0'24 
()·,t 40 0'24 
11'1 40 0'24 
(J·t 40 0'25 

I 

I 
II'() 80 0'03 

II I";'} III' 1:I\',:n u.s an axiom that the rapidity of the solution of 
,!~"I" i" C'(I"I:,,'1. with cyanide solutions is improved by increase of 
I.C'III I "'1';11 "n', IlI'('''Hllre and agitation, and the results of some experi
IIIC',,1 , 1(;( II', ,1"'11'11 that this acceleration amounts to as much, in 
';"11,,' !';('!", '" rOllr times the rate obtained by solutions at ordinary 
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temperature. 'Vith this increased action, however, there is always 
an increased consumption of cyanide, and I personally believe that 
equally economical results can be gained by agitation without 
heating. We therefore decided to dispense with the factor of extra 
heating in our experiment. 

The material on which the first agitation tests were conducted 
consisted of vanner slimes, which represent the finer products' 
caught by frue vanners,. and the following statement gives the 
results of a series of exper.iments made under varying conditions, 
from which it will be observed that in many cases a high extraction 
was obtained in a short period. (See statement, page 146.) 

From these results we made the follolVing deductions ;-
(I) That given an ample supply of the solvent (potassium 

cyanide in the presence of oxygen) when fresh concentrates 
are being treated, the use of lime or caustic soda may be 
d:ispensed with. 

(2) That the presence of fairly coarse gold is not a serious 
objection where agitation is used, although I am of 
opinion that in all cases it would be advantageous to
pass the material over copper plates prior to agitation 
treatment (i.e. if t,he concentrates have been reground). 

(3) That the apparently slow solution of the gold towards the 
end of the treatment is to some extent due to the reduced 
strength of the solution, but in the main may be ascribed 
to the reduced area of the particles of gold coming in 
contact with the solvent. Naturally, some of the gold 
is more or less encased in crevices in the matrix under 
treatment, and the sqlution of such particles as these 
would be slower. To this point I refer elsewhere, show
ing that the extraction would naturally depend upon the 
amount of gold liberated, which again depends upon the 
fineness of the charge. 

(4) That finally the rapidity of the solution depends on
(I) The liberation of the gold by fine grinding. 
(2) The strength of the solution. 
(3) The volume of the solution. 

The factors regarding solution will be found to vary in practice 
according to the particular material being treated. 

Referring again to the above tabulated statement, it will be 
noticed that in some cases the results contradict each other. For 
instance in case "H" both lime and lead acetate were used with 
apparently no prejudicial effect; but in cases "S" and "T" they 
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II :,\ I!'II::/ hjJect of Temperature on Extractz'on 145 

II ' e' r (when used toaether) to very materially reduce the 
"II' ,1)J1' a '" 

\I • I " A" "13" "C" "D" and "E" the con-,.\II';i,'(IOJI. n cases '. ' .' '. . . 
. ()f cyanide vanes wIth the ratIO of the weIght of solutIOn 

,,1111] Ii II))) • 

I . I'el' ·,llt of the charge. This, however, is not confirmed III 
i,1 t II \ n • 

, " "I' " "L " "M" and" N." Other deductIOns that follow 111 4 ' I':I-..,(.H 1rr.., , 

,Ill' : 

( I) ()f the three strengths of cyauide used (0'5 per cent., 1 per 
ccnt. and 2 per cent.) the 1 per cent. solution shows the 
!lest results and would probably in practice confirm this. 

(~) That the use of oxygen instead of air in conjunction with 
the solution during agitation would not appear to be of 
much, if any, benefit, provided arrangements were made 
to give a free supply of air to the charge whilst under 
( l'catment. 

(::) That in all probability the limit of extraction possible in 
(he conditions was obtained in less than 3t hours, 

( I) That a Slllall variation in the force of agitation did not 
Hhow any conspicuous difference in extraction. 

'1'111' 1·11:11';i;(!H ullder treatment would average a fineness equivalent 
I" ~I; III')' I'lint. passing a 90 x 90 mesh. 

'1'111' 1'"llowillg are examples of some of the subsequent laboratory 
11'.,\ 

11"1 ,., ('111.11 HOLUTIONS. 

( I) II"t 7'82 oz. extracted (by solution assay). Residue 4'00 
dwts. Extraction in 3 hours, 97'5 per cent. 

('"Ill 7'10 oz. extracted (by solution assay). Residue 4'00 
dwts, Extradion in 3 hours, 97'2 per cent. 

'1'111"1' )'I':mlts are so near that no definite statement can be made 
,I I" 1IIIi,'II would produce the higher extraction if 3 hours were 
,tll"I\',·,] ill 1'1'; I i'!.iee. Previous results showed that the solution of 
II,.. :~"Id Iii 1.111' cuse of the hot solution is much the more rapid, 
1111,] 111111 ,;,1.1) ill tilt! above experiment over 90 per cent. had been 
<II. ",,11'1'" III 1111' hot solution in the first half hour. 

(::) 'I'll,,' ~lId test gave very similar results, the residue assays. 
I"'III,~ I~xuctly the same as in the previous case and the 
,,11:11',';1' ILRsays almost the same also. 

Til,· 1'\ 11':1 l'IIII"lImption of cyanide per ton of ore in the case of 
11,';1.1 .. " It' (1 f f ',II IIIIIIIH ,0 ore to I 0 solution) was approximately 
.. II os, 

l'ItOPOItTION OF SOLUTION TO ORE 

,\ HI'l'i,'" "f lahoratory tests were made with a view to determine 
1.111' I II"!, I I . 

1'''1' '11I,~ proportIOns of solutions to ore to use in practice 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



EXTRAOTION TESTS ON VANNER SLIMES BY AGITATION IN OYANIDE SOLUTION, 

2 " ,; 0 ,.. 
" ~~ " " .; " ~.E "'--;; ,; 'OE '<5 0 .,; '2S -0 ~g 

Date, 0> '0 ~ " ~~ 
iil~ 

~ ~ tg "'..: ~ - ~ "'~ ~~ 

~,3 ~Z " " :;;0 ~" " "'''' " "'~ .... '2 i:.' ~ "" ",- -;; '0 o ~ ".0 ~ 0" 0'" ,," " ~ " " Ei g s'=: go -'" ~ o§ EO, ;:;" bo ;;; " 5 ..., <0 <<2 """ C,)~ ~ :,-;'" 00 ;::; <s -- ~---- ----------- ------

IV02, Dw(~. Per cent. Gl'Ilmmes. Gl'nmmes. Pt!l' cent·, Lbs, Dwt.s. Hour.;:. Dw!,s. 
A Dec, 15 '13'6 66'0 300 300 I'D 6'0 NaHO 15'6 28 Nil 10 28'0 
B 62'~ 68'2 500 275 I'D 3'7 

Li;~le 
20'0 28 

" 
10 78'0 

0 4g'2 93'5 300 300 1 '0 6'4 3'2 28 
" 

10 '16'0 
D 6,,'6 83'0 500 275 I'D 4'4 

" 
11'2 28 

" 
10 9~'O 

E 820 93'9 300 300 1 '0 7'0 
" 

5'0 28 0'6 p,c, 10 77'0 
F 

" 
] i 101'7 97'7 500 250 1 '0 3'4 

" 
2'3 33 0'1 

" 
5 198'8 

G ]08'8 9[)'6 500 i!50 I'D 3'6 
" 

4'8 33 0'5 
" 

5 208'8 
H 

, 
107'4 95'5 500 250 1 '0 3'6 4'8 33 1'0 5 205'2 

" " I 96'0 8S'7 500 250 0'5 3'6 
" 

10'S 33 1'0 
" 

5 170'4 
J 101'8 92'3 400 200 0';) 3'6 

" 
7'8 33 1'0 

" 
5 188'0 

K 
" 

19 85'0 91 'I 500 250 2'U 13'0 
" 

5'0 33 Nil 5 160'0 
L 76'0 94'7 500 250 20 13'0 

" 
4'0 33 ]'Op,c, 5 144'0 

III 77'5 9S0 300 300 2'0 ]]'0 
" 

1'5 33 Nil 5 76'0 
N 78'4 84'7 300 300 2-0 12'0 

" 
12'0 33 1'0 p,c, 5 66'4 

f LeSS} 0 
" 

2-3 94'3 85'1 500 250 I'D l tIt:]] " 
14'0 33 Nil 3~ 80'3 

p 79'6 95'0 500 250 I'D 
" 

Nil 4'0 33 Nil 3n 75'6 
Q 860 900 500 250 I'D 

" 
Lime 8'0 33 

" 3~ 78'0 
R 99'1 93'6 500 250 I'D 

" 
Nil 6'4 33 

" 3n 92'7 
S 92'9 37'S 500 250 ]'0 

" 
Lime 56'0 33 I'D p,c, 3.1 2 36'9 

T 94'0 36'2 500 250 1 0 
" " 

60'0 33 
" 3~ 34'0 

- - - _._-----

'<5 
" " " " ~ E 
"'-
..:: 

Ail' 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

OxygelJ 

Oxygen 
Air 

" 
" 
" 

I 

i 

+ 
0\ 

b 
~ 
~ 

~ 
~ 
~ 
~ 

~ 
~' 
~ 

"" ~ 
~ 
'" ~ 
"" (I:, 

r-, 
"-< 
c: 
S;; 
"--' 

"" o 
"" 
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Proportion of Soiutz'on to Ore 147 

111,1 1.Iw most suitable strength of cyanide solution, The time of 
tl'l';l1JII('nt ill every case was 4 hours and the material treated 
\ ;lllllt'l' ,ilime-;, :Each test was done in duplicate, The results were 

~, j'"llu\\"5: --
FIRST SERIES 

-------

\11. or 
'1\' ,I. 

[:L 

" oJ 

1:1 

on:~th of Htr 
Holu tion per 

cent. 

------

0'2 
0'2 

0'4 
0'4 

0'6 
0'6 

0'8 
0'8 

l'O 
ost 

h of '''. flf l..~tl·UI~:~t 
'I', I. : ,1olntlOn 

('ent 
per 

O':!! 
/;1 O':!! 

l)'lO 

",1 O'lO 

" O'tiO 
:;,1 ()'(jO 

()'NO 
1:1 0',"0 

,I I' j;) 
;),1 1 ,],) 

I 
Assay Value Assay Value 
i:lolution per i 
Ton of Ore, 

Residues, 

I 

OZ8. I OZ8. 

7'45 0'42 
7'59 0'45 

7'47 
, 

0'27 
7'73 0'26 

, 

7'71 I 0'24 
7'85 0'21 

7'76 0'18 
7'45 0'17 

7'83 
1 

0'17 

: 

SECOND SERIES 

' Assay Value 
Solution per 

Assay Value 

Ton of Ore, 
Residues. 

1 

OZ8. OZS. 

4'98 1'35 

I 

5':]0 1'35 

5'10 1'20 
1 4,75 
I 

1'38 

I 5 i8 0'65 

I 
5'70 O'7Q 

6'43 0'40 
6'43 0'36 

I 

G'15 0'50 
6'36 0'35 

Extraction Consumption 
per cent, per ton KCN 

lbs, 
94'7 2'4 
94'4 " 
96'5 4'5 
96'7 " 
97'0 4'7 
97'4 " 
97'7 5'4 
97'8 

" 
97'9 6.2 

1 

I 

Extraction Iconsumption 
per cent, per ton KCN 

I 
I lbs, 

78'7 1'65 
79'4 

" 
80'9 1'80 
77'5 

" 
88'8 2'20 
89'1 

" 
93'9 1'85 
94'7 

1 " 
92'5 

! 

I 

3'50 
94'8 

" 
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It will be noticed that the consumption of cyanide is higher in 
the first series where equal proportions were used, but the extrac
tion is also higher, and in practice the limiting factor would have 
to be carefully determined, In the first series equal quantities of 
solution and sands were taken, and in the second series one half the 
quantity of solution to that of ore. In both cases the time of treat
ment was four hours. Similar tests to the above were conducted 
OIl unground sands as taken from the settling vats. The results 
were as follows :-

FIRST SERIES 

No. of Strength of Assay Value Assay Value Extraction Consumption 
Test, Solution per Solution per Hesidues. per cent. per ton KCN cent, Ton of Ore. 

----
dwts. lb. 

1 0'21 2'4 3'20 43'0 0'4 
1a 0'21 2'4 3'25 42'5 

" 
2 0'16 2'0 3'25 39'8 0'2 
2a 0'16 2'4 3':W 43'0 

" 
3 0'11 1'8 3'50 34'0 0'2 
3a O'll 2'0 3'00 40'0 

" 
4 0'06 2'2 3'10 41'5 0'2 
4a 0'06 2'2 3'10 41'5 

" 

SEOOND SERIES 

No. of Strength of Assay Value Assay Value Extraction Consumption 
Test. Solution per Solution per R,esidues, per cent. per ton KCN cent. Ton of Ore. 

dwts. Ib, 
1 0'20 2'0 2'75 42'1 0'2 
1a 0'20 1'8 :no 40'0 

" 
2 O'li 1'8 3'05 37'1 0'2 
2a 0'17 2'0 3'05 39'6 

" 
3 0'10 1'4 2'95 42'2 0'1 
3a 0'10 2'0 2'10 48'8 

" 
4 0'06 1'6 4'05 28'3 0'1 
4a 0'06 1'6 3'60 30'8 

" 
I 
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JULY 1903J Experiments on Concentrate Treatmen~ 149 

The next step was taken in regard to coarse concentrates, which 

gave the following grading analysis:-

Remaining on a 30 x 30 mesh screen. . 
Passing a 30 x 30 but remaining on a 60 x 60 . 
Passing a 60 x 60 but remaining on a 90 x 90 . 
Passing a 90 x 90 mesh screen 

2'3 per ct'nt. 

31'0 " 
10'7 " 
56'0 " 

Ore originally crushed through a screen having 600 hules to ~he 
square inch. I would mention here that the figures of extractIOn 
are based on.:-

1. Original assay value of charge. 
2. Assay value of solution, and 
3. Assay value of residues, 

and I can only claim as much accuracy for these figures as will be 
conceded by those who by experience know what they are worth. 
(I am satisfied in my own mind that they represent fairly approxi-
mately the results given.) . 

A small experimental plant was designed and erected' on the 
mine as shown in diagram "B" attached. It consists of a small 
.centrifugal grinding machine discharging through a 100 x 100 mesh 
screen over an amalgamated copper plate, and from thence into a 
settling box. For the solution of .the gold a revolving wooden 
barrel four feet in diameter and one in length was provided, speeded 
up to run at 22 revolutions per minute, and containing four baffle 
boards on the internal periphery. Fast and loose pulleys were 
attached. The charges were introduced into this barrel through a 
4-inch pipe plug hole on the outer circumference. Two other plug 
holes were also arranged opposite to each other, and these were 
used for discharging by opening the two plugs and revolving the 
barrel. The sizes of the two plugs were 2 inch and i inch 
diameter respectively, the former discharging into a receptacle for 
the residues and the latter into an arrangement for catching the 
residue sample. A i-inch cock was also supplied for taking samples 
·of solution throughout the trpatment, and this was done by running 
the belt on to the loose pulley, and after allowing the charge to 
stand for a few seconds the sample was drawn off and filtereu. 

The whole time occupied in taking such a sample from the barrel 
was about one minute. The intention in making the diameter of 
the barrel so large in comparison with its length was to obtain as 
nearly as possible results which would correspond with those from 
~ longer barrel of the same diameter to be used on a large scale. 
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Denny:' Metallurgical Practice [JULY 1903 

In the construction of the barrel every precaution was taken to. 
leave'a minimum amount of iron in contact with the solution. 

The result of the first test was as follows :-

Assay value bef?re grinding and}100'00 dwts. er ton. 
amalgamatmg .. p 

Weight of charge 2751bs. 
Assay value after amalgamation 73'50 dwts. 
Extraction by amalgamation 26'5 per cent. 
Approximate proportion of soln- '\ 

l,) . 3 
tion to ore. . .r· 

Strength of cyanide solution 1'00 per cent. 
Consumption of cyanide 4'26 Ibs. per ton. 
Time of treatment 5 bours. 
Extraction by cyanide treatment} _ 

on 73'50 dwts.. . 9il'06 per cent. 

Extraction by amalgamation plus) 
cyanide treatment on 100 194'9 per cent. 
dwts. . . .J 

Residue value . 5'1 dwts. per ton. 

The assays of the solution taken during treatment were as
follows :--

Per ton solution. 
1. After 0'5 hours' treatment 3·4750zs. 
2. 

" 
1'0 

" 
4'030 

" 3. 
" 

1'5 
" 

4'040 
" 4. 

" 
2'0 

" 
4'560 

" fi. 
" 

2'5 
" 

5'120 
" 6. 

" 
3'0 

" 
5'130 

" 7. 
" 

3'5 
" 

5·130 
" 8. 

" 
4'0 

" 
5'400 

9, 
" 

4'5 
" 

5'440 
" ] O. 

" 
5'0 5'480 

" 
The residues from this experiment were given a second treatment. 

of 3! hours in a 0'18 per cent. solution, the final residues showing 
an assay value of 4 d wts. per ton, representing a total extraction in 
the two treatments of 96 per cent., whilst the consumption of 
cyanide was equivalent to 4'95 Ibs. per ton treated. Fully as high 
a percentage of amalgamation (26'5 per cent.) might be expected 
in practice, and probably somewhat better if the whole of the· 
concentrates were slimed. 
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,\lllttlwI' test was conducted on practically the same lines as the 
:,1.1 lc,t, the main point of difference being that after the first five 
1""" ' tl'lJatment a weak sump solution was added without inter
WI,,[,:ltl: washing, and agitated for nearly two hours. The following 

Ie' 11 I H wero obtained from this test :- . 
Y:tlne of Ooncentrates 89 dwts. per ton. 
!':xlractioll by amalgamation 23'6 per cent. 
\'"lulJ aft~r amalgamation. 68 dwts. per ton. 
1"'''l'l)l'tion of solution to concentrates 2 : 3 a,pprox. 
~II"'Il:~Lh of 1st solution 1 per cent. 
TillU' :t"itateJ 1st solution 5 hours. 
(1t11:;\lu7ptioll of cyanide 5 lbs. per ton. 
'I ill' l'DHi!llles assayed 4'2 dwts. per ton. 

1<,II';I,'lion 95'3 per cent. 

I: ,,_,," IJi 

Ililllll,1 

:,I)llltion assays :-
Per ton solution. 

treatment 3'35 ozs. After 0'5 hours' 

:1 " 
1'0 " 4'35 " 

:~ 
" 

1'5 " 
4'75 

" 
4 " 

2'0 " 
4'65 

" i) 
" 

2'5 " 
4'58 

" 
G 3'0 " 

4'50 
" 

7 
" 

3'5 " 
4'72 

" 
H 4'0 " 

4'59 
" 

!) 
" 

4'5 4'58 
" 

10 
" 

5'0 4'48 
" 

Idlliioll (a,gitated for two hours more). 
11 After 5'2 hours' treatment 3'08 ozs. 

12 
" 

5'5 
" 

3-17 
" 1:1 

" 
6'0 " 

3'20 
" 14 

" 
6'5 " 

3'26 
" Ii) 

" 
7'0 " 

3'00 
" 

III III "'lI'ill~ the :esults as obta,ined from this experiment, it 
\\ "' lid ;t 1'1""11' that WIth the first solution the limit of extraction in 
tl", 1';tI'I~,"tI:lr .conditions obtaining was secured in one and a half 
II, 0111 .. Willi ;1, fllmilar period for the second solution. One noticeable 
1,',11 'liT 111:11, wa~ confirmed in all the experiments is that after the 
111111' "I ",1.1';1(:1,1011 had been reached, if the aaitation is continued 
III " ,I" I'd YI::iSe! without the introduction ~f further fresh air 
101 ""'11 '11 rllllll ,.o,t, tho g~ld in sOI.ution occurs gradually. By th~ 
",jdill"ll ItI' til "h Rol t d h ' , u IOn an aIr, owever, this difficulty may be 
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Denny: 111etallztrgical Practzce [JULY 1903 

A further test wa~ specially conducted to determine the advisa
bility of using several solutions instead of only one j t,hat is to say, 
that after a fresh solution had been introduced and agitated in 
contact with the charge for a period of one hour, it waS withdrawn. 
After making a number of these tests it was ascertained that one 
hour's treatment, using very finely ground material, with one 
solution proved efficient enough to fulfil all practical requirements. 
Various other tests were made, amongst which may be mentioned 
the following :-

1. The addition of oxidising agents, 
~. A preliminary acid treatment, 
3. Variations in strength of solution from very 

weak to comparatively strong, 

and t.he final deduction drawn from the total sum of the whole 
experiments is to show that they favour fine grinding to at least 
100 x 100 mesh on freshly made concentrates with a solution 9f 
cyanide from 0'5 to 1 per cent. strong in the presence of fresh air, 
and with the solution in the weight proportion of about 2 to 5 of 
ore. Further experience may, however, show that a higher propor
tion of solution to ore may prove preferable. 

Following 011 the treatment of the coarser concentrates, several 
tests were conducted on t,he treatment of the vanner slimes, two of 
which are given below :-

Vanne1' Slimes.-The first of the tests on vanuer slimes was 
interfered witb considerably on account of trouble with the gear 
operating the barrel. The charge vallie was 104 dwts. per ton, and 
it was agitated for two hours and allowed to stand for twelve hours. 
The strength of the solution was 1 per cent., and the consumption 
of cyanide 6'3 lbs. per ton, whilst the proportion of solution to 
concentrates was 2: 3. The ultimate extraction was equivalent to 
94'7 per cent. A subsequent test on similar material gave the 
following figures:-

Value of charge 
Time of treatment 
Assay value residues 
Extraction 

102'00 dwts. 
1 hour. 
5'6 dwts, 
94'0 per cent. 

Vannel' Slimes and Sands.-One test on vanner slimes and sands 
was made but the mixed product did' not give as good an extraction 
as was looked for. The vanner slimes and sands were mixed in 
equal quantities and treated for 1'5 hours. 
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II 1.\ I !IO:: J Extraction on Pulp Samples 

As~ay value charge 
Assay value residues 
Extraction 

48 dwts. 
5·1 dwts. 
89·4 per cent. 

153 

1.'"lluwillg on tbe test already mentioned, several experiments as 
I" 1111: ,:xtraction obtainahle on pulp were conducted. Two of these 

:111' .c;ivcn below. 

/' .,//' 8" /lIJllf~. 
I, ('IJ:ll'ge ground to pass a 100 x 100 mesh screen. 

Assny valne charge, 6'00 dwts. 
'l'i 1111' of treatment, 2 hours. 
I.ili l il of solution of gold reached in 1'5 hours. 
1I",iduo value, 0·96 dwt. 
1':,I.r;II:tioll, 84 per cent. 
\";1), value charge, 5'00 dwts. 

Tilll" of treatmellt, 3 hours. 
I.i III iL of solution of gold obtained ill 1 hour. 
IIl'sidne value, 1'1 dwts. 
I';xtl'aetion, 78 per cent. 

Till! n',atlLs of six tests on sands, none of which could be considered 
,:01 i,i;lI:tIll'Y, are as follows:-

I. ('II;'I'.~(l ground to pass a 100 x 100 mesh screen. 
,\S,';IY \'alue charge, 3'75 dwts. 
Tilil" of treatment, 3 hours. 
I,illlil of solution of gold reached in 1'5 hours. 
I:",idlw value, 0'80 dwt. 
1':.\ 1I';u:tion, 78'7 per cent. 
\-;S.l,V value charge, 3'00 dwts. 

'I'i 1111: of trcatment, 3 hours. 
I ,i III iL of solution of gold reached in 1'5 hours. 
I:",idllll value, 0'55 dwt. 
1-:, 11:II'Lion, Hl'7 per cent . 

. \ 11l1'11"'I' four tests on sands gave the following results on a 
1["':011111'111 "I' I'f) hours:-

I. W':, 1":1' (:ent. solution. Quantity of solution to ore, 0'5: l. 
., II':!.', 1'1:1' eent. solution. Quantity of solution to ore, 1: l. 
". I 1"'1' "(:nt. solution. Quantity of solution to ore, 1: l. 

I I" 'J' c(:nt. solution. Quantity of solution to ore, 0·5 : l. 

'1'111' [,'sitiis wore as follows:-
I. ,\S.';IY I'alnc of charge, 4'50 dwts. 

" residues, 1 dwt. 
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I54 . Denny.- Metallurgical Practice [JULY 1903 

Value extracted according to solution assays, 3'·1 dwts. 
Extraction (charge and residue assays), 77·8 per cent. 
Consumption of cyanide, 0'8 lb. 

2. Assay value charge, 2'20 dwts. 
" "residue, 0'65 dwt. 

Value extracted according to solution assays, 1'6 dwts. 
Extraction (charge and residue assays), 70'4 per cent. 
Consumption of cyanide, 1'4 lbs. 

3. Assay value charge, 2'20 dwts. 
" "residues, 0'90 dwt. 

Extraction (charge and residue assays), 59 per cent. 
Consumption of cyanide, 2'6 lbs. 

4. Assay value of charge, 3'15 dwts. 
" " residues, 0'95 dwt. 

Extraction (charge and residue assays), 70 per cent. 
Consumption of cyanide, 3'9 lbs. 

No difficulty was met with in the treatment of slimes, as seen by 
the results of the two following tests :-

SLIMES. 

1. Assay value charge, 2'30 dwts. 
" "residues, 0'25 dwt. 

Extraction, 89'1 per cent. 
Time of treatment, 0'25 hour. 

2. Assay value charge, 2'30 dwts. 
" "residues, 0'20 dwt. 

Extraction, 91'3 per cent. 
Tillie of treatment, 0'5 hour. 

The consumption of cyanide in both these cases was under 1 lb. 
per ton of ore treated, and these results were confirmed by other 
experiments. 

In Absence of Ore. 
Two tests were conducted on solution alone, no ore being present 

to determine the consumption of cyanide due directly to the agitation 
of the solution in presence of air, according to the method and 
quantities used. In the first case a 0'27 per cent. solution was 
used, being reduced in 0'5 hour to 0'26 per cent., in one hour to· 
0'255 per cent., and in 1'5 hours to, 0'25 per cent. when the 
consumption ceased. It was continued for a further 2'5 hours. 
This represented a consumption of 0'4 lb. per ton solution. The 
second test was conducted on a 0'95 per cent. solution and showed. 
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JULY 1903] General Treatment of the Ore 155 

a consumption of exactly 1'0 lbs. cyanide per ton solution in 0'5 
hour, in the remaining 3'5 hours no further consumption took 

place. 
In view of the satisfactory results obtained from our experiments 

ill the treatment of concentrates, it was decided to erect immediately 
a plant at the New Goch Mines, the details of which are reflected 
in diagram" C" attached. This plant is now in course of erection 
and should be operating within three months from the present 

date. 

CYANIDE TREATrtIENT OF SANDS 

As a general statement, it may be said that the cyanide process 
upon the 'Witwatersrand is principally confined to the treatment of 
what is designated as "sands," after classification always from 
"slimes," and in a few isolated cases from sulphurets. The average 
percentage of sands so clas,ified is in the neighbourhood of 70 per 
cent., the balance consisting of slimes, and, where concentration is 
employed, of slimes and sulphurets. 

L~aving the questivn of concentration out of consideration for the 
moment, the general practice is to pass the ore, after being crushed 
to about a 600 mesh, over a.malgamated copper plates. The pulp is 
then lifted, ordinarily by means of a tailings wheel, to a point 
where it is introduced into one, or a series of, spitzkasten, the over
fiow from which carries off the bulk of the water and 30 per cent. 
of the crushed ore consisting of slimes. This overflow is then 
either passed through a slimes plant or, as in the majority of cases, 
simply led into settling pits, where the slime is allowed to accumu
late and the overflow water is returned to the mill reservoir. 

The bottom discharge from the spitzkasten is so arranged that. 
itR product may be conveyed into one of several vats, where it is 
:;cttled either by means of an automatic distributer or a hand hose 
arrangement. In some cases fresh water is supplied at the point of 
discharge at the bottom of the spitzkasten, in order to avoid the 
possibility of slimes going through with the sands, but this is not 
generally considered necessary. 

One form of automatic distributer well known as the" Butters" 
distributer, is used. Most mining :nen, however, prefer the hand 
hose distributer, which is generally operated by a native, who 
carries the hose to different points in the vat, and regulates the 
overflow discharge in each vat, so that it leaves at the furthest 
possible point from where he has deposited the sands. With the 
Butters distributer the vat is in some cases first filled with water, 
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Denny: Metallurgical Practice [JULY 1903 

and a series of pipes automatically rotated by the force of the 
incoming pulp divides the stream into several channels and deposits 
it at various annular distances from the centre~ One objection to 
this latter method is that if for any reason the incoming flow is 
stopped, there is a settlement of slime with the sands which preju
dicially affects the subsequent leaching operations. Where a side 
discharge is adopted it is claimed that this objection is overcome. 
A good settlement is one which leaves a deposit of clean sand 
entirely free of slime, and which loses no sand in the operation. 
The settling tanks are supplied with filter-beds, by means of which 
the sands are thoroughly drained. 

From the settling vats-which in some cases are super-imposed 
.above the treatment vats, whilst in others they are placed on the 
same level-the sands are rernoved through the discharge-doors by 
hand labour and put into the treatment tanks. The treatment vats 
are supplied with filter-beds, beneath which are two or three outlets 
connecting with mains running to the extractor boxes. Through 
these mains the strong, medium, and weak solutions, or strong and 
weak solutions, if only two mains are used, are conducted to the 
.zinc separator boxes, where there is provision for conducting the 
solution coming from anyone main to any extractor box desired. 
The connections between the outlets from the vats and the mains 
are so arranged that the flow of solution from anyone vat may be 
regulated to the various boxes at will. The solution-mains are 
provided with meters, by which the amount of solution passing 
through any main may be estimated, and drip samples are taken 
from the top of each extractor box in order to check the amount of 
gold entering anyone box. 

The usual practice on the Witwatersrand is to give each charge 
of sands a six days' treatment, and the washes used are somewhat 
.as follows :-

1. Strong solution (0'25 per cent. cyanide of potassium) regulated 
to drain in 24 hours, the weight of solution being about 20 per 
cent. of that of the ore. The charge is then allowed to stand for 
12 hours. 

2. This operation is repeated. 
3. ·Washes of 0'1 per cent. solution drained dry each time, and 

·occupying two days, the proportion of solution to ore being in the 
ratio of 4 - 5. 

4. Washes of 0'02 solution in the ratio of 1- 10. 
5. Water wash in the ratio of 1 - 10. 
lt has come before my notice in the past few years that after the 
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OBSERVATIONS ON THE METALLURGICAL PRACTICE 

OF THE 

WITWATERSRAND. 

DIAGRAM E. 

ARRANGEMENT OF TREATMENT TANKS, 

NEW GOeH GOLD MINES, LTD. 

Facing p. 156.] 
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OBS£&\'ATIONS ON THE M , ' ETALLURGICAL PRACTICE 

OF THE 

WITW ATERSRAND 

o£l1SJtA.L ARRANGEMENT OF PR ' ECIPITATION HOUSE 

AT 

NEW GOeH GOLD MINES, LTD, 

DIAGRA11 F_ 

Faring p. 156.] 
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installation of new filter-beds the value of the residues after treat
mpnt reaches its minimum point, and as the filt~r-beds become 

11 the residues increase in value. Careful attentIOn to the con-
o t pr I" I 
l 't' of the beds and proper cleaning wil obvIate any materIa 
r 1 IOn h 1'" h d 
I . tIII'S direction but there is no doubt t at a Imlt IS reac e oss Ill' ." . 
when it pays far better to incur the expendIture entaIled III puttmg 
in new filter· beds rather than continue with the o:d ones. . 

The strength of the solution used and the tIme of treatm~nt 
'"iV(at will vary slightly with different ore, but the ge~eral practIce 
'j til(: ;;;1I11e in all cases. The clean.up of the gold slImes from the 
t".jl';I!'1.or boxes is on some mines conducted monthly, whilst in 
IIlltt:r; ;1 li.~ht clcan-up is made in the first half of the month, and, 
pt:t'::OIu,Jly', I favour the latter procedure, as it increases the efficiency 
of the ],o\.e:; antI enables one to estimate more accurately what the 
output is likoly to 1)1'. 

Th" treatment of zinc slimes is simple, the first operation being 
to tn'at it with snlphuric acid and get rid of the bulk of the zinc, 
the second to calcine it, and, finally, to melt it with suitable fluxes 
in clay-lined plumhago crucibles in furnaces of the reverberatory 
type. A new process has heen introduced recently by Mr Tavener, 
Cyanide Manager of the Bonanza Mine, by which the acid treatment 
llIay or may not be used, but the subsequent operation consists of 
HlIlclting with lead and final cupellation, and it is claimed that a 
cunsiderable saving is effected by it. There is no doubt that the 
presence of zinc in smelting gold always brings with it a tendency 
to carry off a portion of the gold, and whatever the subsequent 
operations may be, i.e. whether cnpellation or direct smelting, I 
think the operation is benefited by a preliminary acid treatment 
if it can be done economically. 

The main points to be observed in cyanide practice are, firstly, 
to study the consumption of cyanide, and by neutralising any free 
add that may be contained, to keep tbat consumption at its lowest 
point; secondly, to have a leachable product free from slimes; and 
thirdly, to secure a high extraction and a low residue. The details 
of handling both the slimes and sands depend entirely upon the 
arrangement of the plant, and it is generally agreed that the super
imposed settling tanks enable the operator to work more economi
cally than in any other design. 

Attached are three diagrams, "D" general arrangement of 
reduction plant New Goch; "E" arrangement of treatment tanks; 
"F" general arrangement of precipitation house; reflecting the 
outlines of a modern plant shortly to be erected on the ~ ew Goch 
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Mine_. In these designs there are many little improvements intro
duced, all of which will tend to facilitate the various operations 
comprising the treatment of sands. The most conspicuous feature 
of the cyanide plant is the installation of conveyor belts for the 
handling of the residues, and it is anticipated that in this section 

-of the work a considerable saving will be effected as against the 
methods of trucking in vogue to-day. It is more than probable 
that conveyor belts will playa very important part in all of Our 
handling work in the near future, and even to-day there is plenty 

. of evidence to show that their utility will not be confined to dealing 
with residues or even the handling of rock on surface. However, 
this question is somewhat foreign to the matter being discussed, and 
I shall not now enlarge upon it. 

I have not touched upon the use of lime or other alkalies so 
commonly resorted to in the orthodox treatment, as this and other 
pertinent matters have already been made the subject of a consider
able amount of discussion. I confidently look forward to the timE; 
when the huge plants, necessitated by the prolonged percolation 
methods in vogue to-day, will give way to something very much 
more simple and effective, both in design and operation, and 
although, as elsewhete shown, our experiments on the short treat
ment of sands have not thus far resulted in a success that would 
justify too much optimism, I cannot but feel that on an ore offering 
to the metallurgist so few difficulties as that of the Witwatersrand, 
the time is not far distant when the present difficulties will be 
overcome. 

SLIIIIES TREATlI1ENT 

Following up the experiments in the rapid treatment of slimes 
which show such highly satisfactory results, it may not be out of 
place at this juncture to describe a plant which is now erected and 
being experimented with at the Van Ryn Gold Mines Estate. The 
plant is designed to take the whole of the slimes overflowing from 
the spitzkasten, where the separation of sands and slimes is effected, 
and its arrangement is such that the flow is taken continuously at 
the top of the plant and the treated slimes discharged continuously 
at the bottom, the whole process between these two points being 
continuous and regulated by the agjustment of a few valves. I 
admit that no authoritative statement as to the results of the working 
of the plant can be made till it has been in operation for some 
months, and I prefer in these notes to simply describe the operations 
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. I I "'I)"D" into details as to the figures of cost and extraction 
\\ j t )1 III _ • .., 

:".i,," ,,1.!;liJled from it. 
TI~'. lil",t Iluty of the plant is to separate almost the whole of the 

\\.11"1' 11"1)lIl the slimes in one continuous operation and in such a 
III ",,"'I' l!tat the water may be immediately returned to the mill 
II",'l'Illil;; available for use again. On the majority of onr mines 
I" , 1.1 \ I he overflow from the spitzkasten above the cyanide vats is 
III""',,J til 110w either through the launders or open cuttings to the 
I"",' ,,,:11 ill:; pits, and in many cases the length of such conduits is 

1"1\ "II",idol:thlc and consequently the loss of water, firstly by 
: Ii: 11'1'1 inll ;tllll secondly by evaporation, is correspondingly heavy. 
I'h,'" ,1:lill it is the custom to provide a series of pits in which the 
III"" i. ,.1'1,tlcc1, and the maintenance charges for the upkeep of 

1,:1,111,. ;111.\ i',II' ele:tnlng out these pits represent a very appreciable 
II',~III"" 1"'1' I II I IIIth. 

1."":1 11,\ , 11,I:ro ill further loss of water by absorption and evapora
I ilill i II II,,: pitH themselves and when the whole of these items are 
'''"II,ill'',J 1.III'Y Illllliltitute quite a heavy charge on the working costs 
1"'1" 1,," 11"':11.1111. On this score alone therefore it may be fairly 
,'I:,i,,,,'.\ 11,,<1, 1.1111 plant fulfils an important function and one that 
I,,,,,, 1111' lillallli:ll point of view is quite sufficient to justify the 
"'1","01111111' Wl,i,:" its Ill"oction has entailed. This statement would 
,,"I ;0 I 'I ,Iy III 1111' ,·:l1IlI: dllgree on a mine possessing a supply of water 
" 1,1"",," 11,:11, Lilli 11l:':lO!" a fairly large quantity per day could be 

l"'I'II,ill,'.\ "ill'll"i. d:III.';!'r, hut it is a notorious fact that most of 
1111' ,"i"". 1111 II", \vil.w:ltcml"and have only their bare requirement, 
\\'IIiH. ""1",1' l"I.\';('1IIdhiIl:~ like ~s. 6d. per 1000 gallons for the 
,',,'"11,"01,1..1' ;0,1,,1 ill :,,,"1t 1l:l:lOS the saving of water becomes an 
"\", ... oIill,,ly 11111""'1;1111. ,:oll::i,lllration. 

It. i, ","'"'1':,11.1' I' .I.i"",1.I,d Lh:I,L with every ton of ore cr:.tshed on 
II", \V iLII:lII,'I':"I';'"oI IV" 1111: 1'1'11111 'r to 10 tons of water, and although 
II". 1.,11,'" 1',"11"" I: l'IIlII:!I"y :IIIOVO the average, in the absence of 
11111," a",'III'"II' d;,la I 1"',Vli :l.lloJiLell it wherever this question has 
1"'1'11 1"",1",01 "1"''', '1'111' :lII:":I,~O loss of water is estimated at 20 
I"" ""lit., "I 11,(: t.III:t.! ",.,'d 1"'1' day. 

I III :, I" ,i ; "I' II)" .1 ,1"'ll.i l'I'IlHhing 500 tons of ore and using 5000 
I"" ; III 11,11,.,. I\'11 II, ~'. I," VI' :1 l'IHH of 1000 tons of water, or 200,000 
';',,,1111,,; 1"'1' 01:1\',11'1",,1, ;11, ';'y only Is. per 1000 gallons, amounts to 

II) 1"'1' ,LI\, "" [':;1111 I"'" lIlonth whilst for co . . ,', 'I ,,' . ' mpames paylIlg 
" I" , I'" 1111111 ""II,t1", IL 1'l'prcHcnts £750 per month. 
I" II", 1,1 ""1 111101"1' "1)11 ,illoration the overflow water from the 

lin,1 Iii I I II ' "'1' "", IJ\I',~ t:IJlItlTluously to the return water tanks 
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160 Denny: Metallurgical Practice [JULY 1903-

situated near at hand, and from this point is pumped direct either 
to the mill reservoir or to the service tanks. Even supposing there
fore that the loss of water is reduced by only 50 per cent. as 
compared with the slime pit settlement the advantages gained are 
obviously important, quite apart from the upkeep of conduits and 
slime pits involved in the latter system. 

Another feature that may be mentioned is that to-day our slime 
settling pits are in many cases considerably removed from the mill 
water reservoir and the whole of the return water has to be pumped 
over long distances and often through a c'omparatively high lift 
necessitating large pumping equipment and heavy cost. The 
results of our work thus far indicate that on the score of water 
separation we may be quite satisfied that the plant will realise all 
our expectations. 

In order to more clearly follow the operation of slimes separation, 
gold solution, and residue washing performed by the plant under 
consideration, the following description has been based upon a 
day's treatment of the CUITent slimes produced by 160 stamps. 
Attached is a graphic diagram, "G," illustrating the sequence of 
the operations. 

Assume that 5 tons of ore are crushed per stamp per day, and 
that 10 tons of water are required for every ton of ore crushed, 
thus:-

160 x 5 = 800 tons of ore crushed per day by 160 stamps. 
800 x 10 = 8000 tons of water required per day. 
800 + 8000 = 8800 tons of pulp discharged by battery per day. 
Slimes average, say, 25 per cent. of total rock crushed. 

800 x 25 . 
Then: 100 = 200 tons of slImes produced per day. 

80~ox075 = 600 tons of tailings produced per day. 

The tailings retain 10 per cent. of water, equal to 60 tons, there
fore the tailings and retained water account for 660 tons out of the 
original 8800 tons of pulp discharged. 

8800 - 660 = 8140 tons, which is the quantity sent to the slimes 
plant per day. 

Referring to the accompanying drawing, "H" : 
The launder is so arranged that the flow of the incoming slimes 

is divided in such a manner that each vat, " A" "At receives an 
equal proportion of it. That is to say, on the proportion upon 

8140 . 
which we are figuring each vat receives ~ = 4070 tons of shmes 
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,IllS tn03] Operation of Slimes Plant 16r 

I ]wr day. In these vats a separation of the whole of the slimes 
I'll Jl " I' 
is 'llltlJlnatically effected, the separated simes continuously falling 
1 II 'I III: l)ottom of the vat and continuously discharging through a 
sl1ila i lllJ pipe to a second separator vat,. "B." The proportion of 
d 1'\' ,limes in the discharge is 1 of slImes to 4 of water. The 
>1,;,:1],;111:11 water overflows from the top of the vats and returns 
dil'l:d to the mill reservoir. . 

\\" have seen that the total slimes produced per day is 200 tons, 
1"]llivir1lmt to, approximately, 0'14 tons per minute. The flow of 
II;tI "I' illto the slimes plant-less amount retained by the tailings
i,e; I III:: gallons per minute; 0'14 tons of slime-calculating it to 
III' 1..-1 1 inti'S as heavy as water-would therefore amount to 18'5 
,:.:;tlIIIII' 1)('1' minute. The total quantity of slimes and water is 
1111'1',,1'111'1:, Hay, l120 gallons per minute. 

'1'111' \ at "B" receives the whole of the separated slimes from 
IIII' \ ill, "A," "A}" together with four times the quantity of 
\\ill "I'. It l'Occivt's, therefore, per minute the equivalent of nine
II"'II~"IIIII\H of (Iry slime and III gallons of water, or 130 gallons 
111'1' l1,illlll,: ill all. The quantity of water clarified and returned 
1" I III' I I I i 11 1'll,e;cl'voirs from the vats "A," "AI" is, therefore, 
I III:: 1::11 !17:l :~allons pcr minute. 

,\ ,.illliLII' ::I'l'al'lltioll to that effected in "A," "AI" takes 
1'1."", ill" I:," tll,lt, i,; to ~ay the slimes settle to the bottom and 
i.l1I' \1:11,'1' "1111.;1:1,111.1.1' riNI'H anll discharges over the top of the vat . 
.. \; III" 1:11,· "I' illt:dw illto "B" is only 130 gallons per minute, 
:.: '" II 'I iii I', ,,] I\' i II I I,',() :"allfllIH per minute in each of the vats 
",\," .. ,\" II", lilli' V;I1, i,: hllfliciont to handle the whole of 
till' III""llIill:~ I"lil' I'rllill tho vata "A," "AI'" The separated 
:;]1111", III 11,,· \ ill. "1:" ;1]'(\ IliH,:hnrg(~'I as a thick pulp in the 
111"1'''lli,," ,01 "'I" 1,,11'\.1,.)' woi:;hL of dry slime to one part 
I,y ""'i,",I,1 ,t!' 11',11"1' III 1.11" :;lIhILioll ehamber "b." Here the 
!,Itlp I" 111"11,,111 illill l'IIIII;It,\. wil,h eyanide solution, and the 
"11,,1,, I, III'''II~,III ililll iI -;1;11.0 of agitation by means of com
III";;",'] "II' 11111",]111"',] Illrl)ll,~11 pipl'll lining the chamber and by 
nnll, 1',,\ ,,1\ III.': III IIII' ,'llill1l\'OI'. The quantity of water and 
:,[11111', ,[1-;,'llill::,',] 1"'1' IIIililitu illto the solution chamber is, there-
1'''1'', I~I ,~,illl'III' 1,1' dry :,lillll:H and 28 gallons of water equal to 
17 ;:illl"II" "t' plill" ' 

'I'h,' '111:'.'llil.l' "I' ci:r.l'ilil:ll water overflowing from the top f 
val" ];., I, 11"'1'1,1',,1'11 1:10 47=83 gallons of clear water p~r 
JlliJlII!.,' 1'I'l.lll'llt,tl III 11 '11 . Th 

,III Illl reservoir. e total quantity of 
\\,al..,. 1'<'1111111'<1 1" UIO mill reservoir is therefore 973 gallons 

I. 
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162 Denny: Metallurgical Practice [JULY 1903 

per minute from the vats "A," "AI'" plus 83 gallons per 
mi~ute returned from vat" B," a tot,al of 1056 gallons out of the 
total 1103 supplied with the slimes. 

In the solution chamber "b" a quantity of cyanide solution 
-proportioned as 3 of solution to 1 of pulp-is added. At the 
rate of flow of pulp, shown above, into this chamber, viz., 47 
gallons per minute, the quantity of cyanide solution to be added 
is 141 gallons per minute. The inflow and outflow to and from 
the solution chamber may be regulated according to the will of 
the operator. The thoroughly mixed and mrated pulp and 
cyanide solution now discharges into the separator vat "C," the 
flow being at the rate of 188 gallons per minute. Here a 
similar separation to that effected in "B" takes place, the slime 
sinking to the bottom of the vat and the solution rising to the 
top and overflowing. The important difference in the overflow 
from vats "A," "AI" and " B" in contradistinction to vat 
"C" is, that whereas in the first case the overflow was water, 
in the case of "C" the liquid is cyanide solution in which is 
contained the gold dissolved from the pulp in solution-chamber 
"b." The overflow passes directly to the precipitating-boxes, 
the rate of flow being the total quantity less the proportion 
discharged from the bottom of the vat "C." This quantity is 
precisely the same as that flowing from the vat "B," therefore 
the rate of flow of the cyanide solution to the precipitating-boxes 
is 141 gallons per minute. (This quantity, it will be observed, 
is that required for admixture with the pulp in each solution
chamber, so that there can be no accumulation of cyanide 
solution.) The pulp discharging from "C" at the rate of 47 
gallons per minute passes into the solution-chamber "c," where 
it meets an incoming stream of cyanide solution flowing at the 
rate of 141 gallons per minute. In this chamber the mixture 
is again thoroughly agitated by air, finally discharging into a 
slimes-sump in which is placed a pump, which latter raises the 
slimes to vat "D." Here, similarly to "C," a separation of 
slimes and solution is effected, the settled slimes discharging 
to the solution-chamber "d," and the overflowing cyanide solu-

. tion passing to the "making-up tank," where, after being raised 
to the standard strength, it passes to solution-chamber "b," 
beginning the cycle de novo. , 

The pulp passing into the solution-chamber" d " meets a stream 
of solution which has passed through the precipitating-boxes to 
the sump, and is continually pumped from thence to this chamber 
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,JULY 1903] Slz"mes Plant at Van Ryn Mz"1tes 163 

at the same rate as it flows through the precipitating-boxes, viz., 
Hi8 gallons per minute. In this chamber the pulp is agitated 
hy uir similarly to the process in "b" and "c," discharging into 
the separator-vat "E." Here a separation of slimes is effected 
from the cyanide solution in every way similar to that described 
in connection with the other separator-vats "A," "AI'" "B," 
"C" and "D," the overflow of the cyanide solution passing into 
the solution-chamber "c," and the slimes discharging at the 
hottom of the vat, being depleted of their gold to the greatest 
possible degree, are pumped to a slimes residue dump. The 
liuantity of solution lost in the whole process is the weak washing 
solution which is discharged from the vat" E." This loss is less 
than that from the ordinary slimes plant, inasmuch as it.is 
ditlicult to settle slimes by the ordinary process to a consistency 
of more than 40 per cent, dry slimes in the pulp, whereas in the 
caStl under review the discharge is from 50 to 60 per cent. 

In Western Australia to-day several authorities state that they 
I.l.tain a product carrying 60 per cent. dry slimes from a series 
of ol'(linary spitzkasten. 

1 may mention that since the erection of the plant at the Van 
i:yll .\Tincs scveral alterations of a minor character have been made 
II lii(:lI are not shown in the drawings accompanying this paper, but 
'lit: .";"Ill'l'ul principles remain the same. The capacity of each of 
'lit: I :\t~, :lO ft. in diameter, is, roughly, 18,000 gallons up to the 
I".ilii. of diseharge. 

("II,' :'11;: ()'7HIi I x 10 x 6'25) = 19,635 gallons. 
'1'111: illflow to vat" B" is at the rate of, say, 130 gallons per 

,"illll1,' 1'1'0111 the two vats" A" "AI'" 
1,11111) 

1::,,\ llltluhcr of minutes required to fill vat" B.'" 

'II ... illll"I" fl'olll vat "e" from the mixing chamber "b"isa't 
,I", ",I,: ,,1'1,';,-,; :,;;i1\Ol\il ]11'1' minute. 

I, ,111111 
~II: IIlilllt1.t:B J'(ilillirctl to fill vat" C." I," 

'I'll,' illll,,\\ illt" valB "U," "D," and "E" is all at the rate of 
1,-;,-; ",,11,,11, 1'/:1' 11 Ii Ilutll, and theoretically each quantity of 188 
",,110:11,; i" !)Ii JIIillllios in each of the vats "C" "D" and "E" 
\\'11 i hL pn::lili,TI,,~ through the cycle. In each of these ~ats cyanide 
·,,1111 '''II lil III COlltllct with the slime pulp j we have, therefore, for 
1111: 11i 1'(:0 vats '~ c.olltad of 96 x 3 = 288 minutes. The capacity of 
";11,11 of tho mIXIng chamhers is, roughly, 862'5 gallons, or, say, 
";1 I ,~,dl()IlH. (20 x 2'3 x 3 x 6'25 = 862'5.) 
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Denny: Meta!!urgt'cal Practzc~ 

Then 870 = 4'6 minutes, 4'6 x 3 = 13'8 minutes. 
11)8 

288 plus 14 = say, 302 minutes. Therefore the total time of 
c~mtact of the slimes with the cyanide solution is 302 minutes, 01' 

. five hours, exclusive of the time occupied in passing through pipes 
and pumps· between the mixing chambers and vats. 

Regarding extraction, I prefer, as before remarked, to make no 
definite statements at this junctur .. , but I may say we have no 
reason to doubt that it will be satisfactory, and when it is con
sidered. that in our experiments we are able to obtain very high 
results in a very short contact it will be admitted that we have 
good grounds for believing that in a five hours' contact we should 
approximate the same results. In the matter of costs, the plant 
lends itself conspicuously to a very low figure owing to the 
simplicity of the various operations. The handling of the final 
residue discharge is temporarily being effected in trucks, but a 
system of conveyor buckets will probably be added later. 

Diagram" J" is an outline in perspective of the plant. 

WEST AUSTRALIAN PRACTICE. 

At this stage it will be interesting to briefly glance at the work 
done in 'Yestel'll Australia in the trea_tment of the auriferous 
sulpho-telluride ores of that locality, and I should like to mention 
that I am indebted to Mr G. E. B. Frood, a metallurgist and 
chemist well-known both in Western Australia and South Africa 
for some details of most recent practice in vVestern Australia. 

The conspicuous feature of the chief ores worked in West 
Australia is the occurrence of tellurides of gold, of which there are 
several combinations carrying various proportions of gold to· 
tellurium. The chief constituent of the ore-apart from the 
included precious metal-is silica, representing between 50 per' 
cent. and 80 per cent. of the bulk, the balance consisting mainly of 
iron, sulphur, alumina, lime, magnesia, and carbonic acid gas. 

Many were the attempts when the fields were first discovered to· 
determine the most effective treatment for the ore, and either 
independently, or in combination with others, smelting, amalgama
tion, concentration, roasting, direct cyaniding, chlorination, in fact. 
almost every known treatment for gold ores was tried. Naturally, 
each new treatment had its advocates, but gradually the field of 
experimental work has narrowed down,' and to-day the practice is,. 
briefly speaking, confined to one of the two following methods :_ 

(1) vVet crushing, sliming, treatment by cyanide and cyanogen. 
bromide in agitation vats and filter presses. 
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JULY 1903J Treatment of Suljho- Telluride Ores 165 

(2) Dry crushing, roa.sting,. amal~amation, . treatment of. roasted 
ore by cyanide of potassIum eIther l!l the ordinary percolatIOn vats 
or in filter presses. 

There are many modifications of these two processes in use, and 
there are strong supporters to the claims of either in the matter of 
superiority, and in. selecting the first named as' be~ng t~e more 
important I wonld like to say for the benefit of our frIends m West 
Australia, that I do so because we shall never-at least I hope 
never-have any reasonable grounds for roasting the whole of our 
ores as adopted in the second method mentioned, and it may be 
left, therefore, out of consideration in its bearing on the treatment 
of our ores here. My sole reason for referring to it at all is simply 
to indicate that whereas here we are content to follow on the lines 
of one generally accepted metallurgical scheme, the metallurgists of 
'Vest Australia are supporting the rival claims of two processes, 
differing very widely from each other, and both of them operating 
successfully; and if, in the course of my observations, I should 
venture to indicate that such a condition of things may yet event
uate on the Witwatersrand, I may fairly point to West Australia as 
a strong precedent. The first named of the above two processes is 
generally known as the Diehl process, and I believe its develop
ment to its present stage has been almost exclusively confined to 
West Australia, and there is no doubt that as a metallurgical 
scheme it embodies many features which reflect the highest credit 
on its inventors and the country which gave it birth. 

In the first experiments made upon the sulpho-telluride ores of 
West Australia it was ascertained that the ordinary percolation 
cyanide treatment as conducted here would only yield after a 
{;omparatively long treatment about 50 per cent. extraction. 
Subsequently it was discovered that by reducing the ore £i'om a 
fineness of 20 holes to the linear inch to 200, and agitating the slimes 
thus made in the presence of a solution of cyanide and cyanogen 
bromide, that a high extraction-up to 98 per cent.-could be 
obtained in a short treatment. On this principle the Diehl process 
is based, and although amalgamation and concentration are adopted 
in some cases, the tendency appears to be to slim'e the whole of 
the ore and cyanide it direct without recourse to either of these 
operations. 

Briefly described, the 0Iwration of a plant on the Diehl basis is 
as follows :-The ore from the mine after tipping over the headgear 
grizzly is preliminarily crushed in a coarse breaker and is then fed 
into an ordinary stamp battery or a series of Krupp ball mills 
where it is reduced sufficiently fine to pass through a 900 mesh 
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166 Denny: Metallurgical Practice [.TUIN 1903, 

screen (30 holes to the linear inch). Sorting is not practised, as. 
the difference between the country rock and the actual ore itself is 
so slight that it is claimed the operation is not feasible. 

After crushing, the ore may then pass over amalgamated plates. 
and concentrating plant if desired, and on this point practice 
appears to vary somewhat. Some of the ores app'arently yield 
quite a high percentage of their gold by amalgamation, whilst. 
others give up only a very small percentage. I should imagine 
that in those cases where 25 per cent. extraction could be obtained 
that amalgamation may be adopted with advantage. Where. 
concentration is resorted to the custom appears to be in many 
cases to dispose. of the product as we do here, but in others a 
roasting plant is erected on the mine and the calcined concentrates, 
are then treated by cyanide and filter pressing. As elsewhere. 
stated, however, I believe the tendency is to dispense with both 
amalgamation and concentration, and in such a case the pulp from 
the mill passes into a classifier box (or spitzkasten). the overflow 
from which passes into another classifier box in order to ensure 
the separation of all the coarse sands. The slimes then pass into a 
settling tank, where the bulk of the water is got rid of. The. 
discharge from the two classifiers mentioned is led into a Krupp. 
tube mill, otherwise known as a Flint mill, where by a simple 
operation it is converted into slimes, which will pass through a 
sieve of 200 mesh per linear inch, and it is claimed that of the 
discharge under 5 per cent. will remain on a 220 mesh. The. 
product from this mill passes through another classifier box, by 
which any coarse material is again separated and returned to the mill. 

Personally, I have never seen or had any experience with the. 
Krupp tube mill, but the design is so exceedingly simple and the. 
efficiency so incredibly great that it must be far superior on 
certain classes of ore to any of the grinding machines, such as. 
the Wheeler pan or Huntingdon mill, so largely used in Australia, 
and America. 

FLINT MILL (FOR WET GRINDING) 

The flint mill for wet grinding essentially consists of a long
grinding drum made of welded sheet steel and protected against. 
wear and tear by interchangeable chilled cast iron plates. The· 
drum is supported by two hollow journals which are rivetted on to 
the front walls and located in strong collar bearings. It contains 
a large number of flint stones, and its interior is of easy access. 
through two or more manholes. 
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According to local conditions, the mill is driven by spur wheel 
gearinO' or bevel gearing with fast and loose pulleys. The charge, 
previo~sly reduced on a wet gri~ding ball. mill, ?r a similar ~ne 
"rinding mill, flows through a sImple straIght pIpe or bent pIpe 
~nd through the hollow journal on the front end into the grinding 
drum. After being thoroughly ground by the flint stones the 
material is discharged through the hollow journals on the rear nave 
into a launder, which conducts the fine pulp to the place where it 
has to be further treated. 

The grinding operation is effected without sieves, so that clogging 
or other disadvantages connected with fine sieves are obviated. 
The output of the mill is large with a moderate consumption of 
power. 

DIMENSIONS, POWER REQUIRED, OUTFIT AND 
WEIGHTS 

___ S_IZ_E_. ______ 1 ___ 2 ___ 3_' __ 4_1 5 

I lillilicter of Grinding Drum •.• 
I "'lIgth of Rame .. , ... 

I 1,',olutionH of Grinding Drum 
per minute ..• . .. 

I J;:lIl1l'ler of Belt Pulleys ... 
\\'iill.ll of the ~ame ... '" 
1:,·\ Oillioll:l of Belt Pulleys per 

ttl Lllnt{~ ... •.• • .• 
I'll""" "PlInir(!(I, I1pproximate 

11,1'. .., ... . .. 
( I" II'" I "I' (:I'lIIIIHI Ore per 

1"'111', :ll'l'l'm,illllllc 1l,H .•.• 

'~II,I( I' l'I'lllliI'I'I[ 1'01' (1'l'II!(lh) 
\ I ,II "ill, 1'111' (I 11'(':Hlth) 
"~,I " I I' I I I ~ ; ( II ('ight) 

\\',·".1, I ItI' ''''''1'1''11' ,\Ia!'llinll 
\I i 11,,1111. 1"1 ill1. Nl "111" 
(" ) 11111 "". kl'd, Ilpproxilllate 

II)... ••. .., ... 
(I.) ill .'."/1 p:II'kill::, Ill'l'roxi-

""'I" 11J,. •.. ... 
\\".j;: 111 01' OlH~ ~el of Flint 

Nt "111';:, Ilpproxilliate lu8 .... 1 

3' 7" 3' II" 3' 11" 4' 11" 4' 11 
13' 2" 16' 5" 19' 8" 23' 9" 26' 3" 

--------- ---

32 28 28 24 24 
59" 78:1" 78t" 78t" 78i' 
9)." lOi" lOt" lOt" lOt' ~ 

160 110 110 140 140 

25 35 42 60 70 

. _4~~ 6600 8800 11,000 115,400 

I 

~n' 7" 31' 6" 34' 9" 39' 5" 42' 8' 
H' 3" 11' 2" 10' 2" 11' 6" 11' 6' 
G'11" 7' 11" 7' 11" 8' 6" 8' 3/1 

14,600 24,900 27,700 39,800 42,700 

15,850 26,600 29,300 41,500 44,400 

6600 9900 12,100 19,800 24,200 
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Mill No. 3 in tHe above specification is' able to treat the whole of 
the sands separated from 70 tons of pre. 

Diagram" K" is' a sketch outline of the mill. 
I understand that the percentage of slimes made in the original 

crushing of' the s'ulpho-telluride ores of Western Australia is con
siderably higher than that obtained here, and as far as I can learn, 
averages about 40 per cent. to 50 per cent. Taking the latter 
figure, one mill is equal to at least 35 tons of sands per day, which 
in Western Australia represents the work of about 20 stamps, and 
for a 100 stamp mill 5 of theniwould be required. It is claimed 
that the power absorbed and the maintenance on the mill is very 
small, and that the cost of grinding is consequently very low. 

I am surprised that, in view of the remarkable success which has 
resulted from the working of this mill in Australia, experiments 
have not been made with it on the 'Witwatersrand, but as far as I 
know'no'-one has 'ever'erected such a mill here. It is-of course 
questionable whether such a machine would have the same capacity 
un our ores, and I think it would probably ,be Jt'~, but _ tl:J.is .poj_[lt 
can only be oecided by experiment. 

After sliming the ore lJasses into settling tank8 with the over
flow of the spitzkasten first mentioned, and after settling it is led 
into agitator vats fitted with mechanical stirrers. The, se,ttled 
slimes contain from 40 per cent. to 45 per cent. of dry slimes, 
The agitator vats are about 20 ft. in,. diameter and 7 ft. 6 in. 
deep, with a capacity of about 100 tons. 

'When the agitator is charged, cyanide solution is poured on of a 
strength sufficiently high to make the' total'iiolutii)iJ when mixed 
with water contained in the slimes up to 0'15 ,per cent., after ,which 
the whole is agitated for a short time and then a further solution 
of cyanogen bromide is added in the ratio of 0'04 per cent. of the 
dry tonnage treated. The whole is then agitated for from 20 to 24 
hours, and towards the end' of the treatment lime is added in the 
ratio of about 3 to 4 lbs. of lime per dry ton of ore. From the 
agitator the slimes gravitate into a receiver, locally termed a 
"Monteju," from which they are forced by compressed air into one 
or more filter presses. This receiver is practically a pressure tank. 
Tbe air pressure is introduced at the top and forces the whole con
tents of the tank through the filter presses., The. gold solution 
passes from the filter presses through a filter tank into zinc boxes, 
after which a weak solution, and theri a water wash, is forced 
through the presses. The presses are then opened and the cakes 
are dropped into trucks below and run away to the dump heaps. 
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The extraction varies from 85 to 95 per 'cent., and in some cases 
even a higher percentage than the latter figure is secured. The 
addition of the cyanogen bromide in the operation appears to be 
a very important factor, and in a paper read by Mr H. Knutsen 
before the Institlltion of Mines and Metallurgy, he shews as the 
result of many experiments that whereas with the plain cyanide 
solution he only obtained 41 per cent. extraction, he obtained on 
the same slimes as high as 96'65 per cent. after the addition of 
cyanogen bromide. To me this is a very important point, and one 
that I think will have to be considered carefully in treating the 
ores of these fields. 

To summarise the work in 'Western Australia, we have: (1) An 
ore which by ordinary percolation methods would only yield, after 
a preliminary treatment, an average about 50 per cent. of its gold 
content; (2) The same ore after being reduced to a very fine 
mesh and treated with cyanide and cyanogen bromide yields in 
a short time an exceedingly high percentage extraction; (3) The 
various operations are characterised by extreme simplicity, and 
under favourable conditions should be done at a very low cost; (4) 
The ore on the whole must be regarded as considerably more 
refractory than the ores of the ·Witwatersrand. 

In these statements I consider there is matter for profound 
reflection on our part. On these fields we have to deal with a 
!;imple ore containing only a very low percentage of sulphides and 
offering no serious difficulties to any simple process for the extrac
tion of gold. We resort for its treatment to (1) amalgamation, 
with in some cases subsequent concentration of the sulphurets j (2) 
a prolonged and expensive percolation treatment from which we get 
a comparatively low extraction, and (3) an appreciable percentage 
of the gold is allowed to pass away into slimes which in many cases 
are not treated at all, and in others with only indifferent success. 
Our whole plant is cumbersome and expensive to a degree, and yet 
it is generally claimed for the 'IYitwatersrand. that it is the leader 
in all metallurgical practice regarding the treatment of simple 
auriferous ores. 

It appears to me that in the operations cond ucted in Western 
Australia we have a good deal to learn. I have already shown 
that in the treatment of our concentrates we can by resorting to 
fine grinding obtain a very high extraction in a short period by 
agitation with cyanide solution. I have also shown that the same 
treatment applied to slimes i8 equally successful. In the matter of 
sands treatment my figures are not so satisfactory, but I am 
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confident that with the addition of cyanogen bromide they will 
not offer any insuperable difficulties to the same treatment. This 
point certainly has yet to be proved, and I regret that I have not 
been able to obtain a supply of cyanogen bromide for carrying out 
experiments on the sands, but hope to do so shortly. Assuming 
that the experiments on sands are successful, the outcome is to 
show that in one operation OUT sands, slimes and concentmtes can be 
treated togetheT in a very much simplified form to that obtaining 
to-day. I cannot think, after many analyses of our ores, that we 
can fail to obtain from them a high extraction in such an operation; 
Our plant would then be simplified to (1) preliminary breaking, 
(2) sorting plant, (3) further fine breaking, (4) reduction in mills, 
(5) ama{gamation, (6) sliming, (7) agitation with cyanide solution, 
(8) separation of cyanide solution from the slimes· and (9) 
precipitation. 

The sequence of this operation is reflected in Diagram" L." 
·Whether filter pressing would prove to be an economical 

operation or not, I am not at the moment prepared to say, and 
I think it is open to question. In a pulp where the cyanide 
solution is exceedingly rich in gold I can easily believe that filter 
pressing would pay, seeing that every extra percentage of solution 
left in the residues would mean a heavy loss, but on comparatively 
low grade ores it appears to me that some washing device can be 
designed that will meet the requirements of our particular case 
better. If concentration is first adopted and only a small amount 
of solution is used per ton of concentrates treated, I believe filter 
pressing would prove to be the best scheme, but before any definite 
statement can be made on the matter a series of experiments must 
be conducted. I understand that certain steps were taken some 
years ago in this direction, and that the results were unsatisfactory, 
but I think that with the advantage of the experience that has 
since been gained in Australia, another attempt might well be made 
to finally determine this issue. Another very important point that 
arises in the consideration of a new process such as that above 
suggested is the question of milling. Personally, I believe that on 
most of our ores here the efficiency of a stamp mill reaches its limit 
at between 200 and 300 holes to the square inch, and that from that 
point the further reduction of the ore is more economically and 
successfully accomplished by means of astrition, such as that obtain
ing in a tube mill. This is to say that the cost of reducing from a 
300 mesh to a 40,000 is done at considerably less cost by attrition 
than percussion. Assuming this statement to be correct, it follows 
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that the capacity of a stamp mill can be made to greatly exceed its 
present limit taken on the general practice of these fields, and' 
where we are crushing 5 tons per stamp per day we may look 
for a 20 per cent. to 30 per cent.. increase using a coarser screen. 
Another point that occurs is that with this coarse crushing the 
percentage of amalgam won from the plates would probably 
decrease, and it might prove advantageous after sliming to again 
pass the ore over copper plates. I believe that every percentage 
of gold that can be saved by amalgamation is more cheaply 
obtained by that method than any other method we know of, 
and given a sufficiently fine grinding, I think that the percentage, 
high though it is to-day, would be increased by adopting a second 
amalgamation after grinding. 

One feature of milling which has occupied our attention in 
connection with the group of mines with which I am connected, 
is that of coarse grinding to, say, 200 mesh, passing the pulp 
through a proper sizing system, and returning everything over 
300 mesh to be re-crushed in the mill, the balance going forward 
to the cyanide treatment direct. This would undoubtedly largely 
increase the capacity of the mills, but amalgamation would not be 
so good as with fine crushing. With subsequent sliming in a tube 
mill and secondary amalgamation it may, however, prove to be 
practicable. 

In 1898 the total quantity of slime treated was 548,611 tons. 
The tonnage milled was 7,331,446. 
The value of gold recovered per ton of slime was lOs. 3d., or 

9·2d. per ton milled, representing 1'9 per cent. of the total 
gold won. 

Amalgam recovered 66'2 per cent. of the gold. 
Sands treatment (cyanide) 28'6" " 
Concentrates and by-products 3'2" " 
Slimes (cyanide) 1'9"" 

It will be seen from these figures that the bulk of our gold 
to-day is secured by our simplest proceES, and that the elaborate 
work which follows is devoted to the extraction of the smaller 
percentage of gold. It will be readily conceded by all metallurgists 
that the concentration of our operations for the treatment of 
battery pulp, where one and only one product is to be dealt with, 
will, given favourable figures on the questions of costs and extrac
tion, prove to be a step in the right direction. I lay no claim to 
proof in actual working on any of the points which I have raised, 
but I do claim that the experiments, the results of which I have 
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detailed, ar"e sufficiently favourable to warrant the keenest attention 
being paid to their further development. '. . 

The one object of these experiments is to devise a process 
by which a high extraction can be made at a low eost, and 
these factors necessitate simplicity of working. If it be found 
that the extraction cannot be obtained "from the sands it may still 
prove highly favourable to adopt the process for the treatment of 
slimes and concentrates, and if in any of these directions advance
ment is e,ffected our experiments will prove to be well warranted. ' 

CONCLUSION 

I fear that in presuming to cavil .at 'some of our time-honoured 
methods, as IhiLVe done in the preceding pages, I have laid, myself 
open to severe castigation at the hands of the critics, but I submit 
that I have approached these questions in no idle spirit of hostile 
criticism, but rather in the hope that my remarks will lead to a 
thorough ventilation of the various points raised. At least, what
ever impressions my observations may give, I am only conscious oi 
a desire to see the way to effect improvements in a field where 
there is admittedly some scope for such, and I trust that in this 
light my statements may be judged. Within the next few months 
I shall have upon record the results of our treatment of concentrates 
at the New Goch Mines, and of our slimes at the Van Ryn Mines, 
and also by that time I hope to have had some experience of filter 
pressing and sliming with tube mills on Witwatersrand ore, when I 
propose to again ask for your attention.' . 

I firmly believe in the exchange of information and' ideas on 
subjects of mutual scientific interest, and in giving the results of 
our experience I hope to gain from others information which may 
tend to lessen the complexity of the problem with which we are 
called upon to deal. Fortunately, the gold product for which we 
are all working has a standard value, and one market embracing 
the whole world, apcl our efforts therefore need not be conclucted 
'with the secrecy that a competitive market would enforce. It is 
therefore to our mutual interest to co-operate in the perfection of 
the methods by which that product is secured. 

The President-In rising to move a hearty vote of thanks to Mr 
Denny, I should like also to' compliment, the Society upon having 
heard what I co~sider to be the most interesting paper ever read 
before the Society. When I stated Mr Denny had tackled a big 
subject, although I gave him credit for plenty of perseverance and 
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energy, I hardly expected that we should receive such valuable 
information as he has put before the Society, and I hope he will 
not think I am paying an ill compliment to his paper when I say I 
have no remarks to make upon it to-night. It is so big a question, 
and full of so many complicated points, that one needs to take the 
paper home and study it for a day or so. If we do not agree with 
him we can say so afterwards, and I think on one or two points, at 
least, I can promise Mr Denny a good deal of discussion. 

Mr J. Yates-I have very much pleasure in seconding the vote 
of thanks to Mr Denny for his paper. Instead of taking one day to 
consider it, I think we shall have to take about a month, there is so 
much to consider in it and so much to realise. 

DISCUSSION AT NOVEMBER MEETING, 1903 

Mr M. Torrente-I think that the paper from the eminent pen of 
Mr Denny ought to be declared hoI's concours. 

A paper of such magnitude, l1-lld which includes such an immense 
amount of data as to what has been done, is being done, will be 
done, and ought to be done in a mine from the collar of the shaft to 
the slimes dump, in Africa and elsewhere, is, in my opinion, impos
sihle to discuss. Such a document ought to be carefully kept for 
roft'rence by every man connected with the mining industry, for, 
aA we are improving on present methods, it will be useful as an 
hiHtorical record. 

AM it stands, we may just as well try to discuss every item in 
1'\'oHlmius' Chemistry or Fraser & Chalmers' latest price-list of 
III illill~ and metallurgical appliances. The task is too great, and 
will take too much of our time to get through all its details if we 
1\ :111t. to do justice to it and to ourselves. Although, perhaps, not 
: II Pl'llfOllllU as Mr Denny's paper, we have such an amount of small 
1II,.,I.lOIIIH of actuality already before us on the agenda, that, unless 
11(1 "j"t:IIHH them at once, we shall never again have a chance to get 
:Ii II,t:I.I. I think it will be better if, as the new points expanded 
"1"111 I.,)' .\h Denny take more definite shape and become successful, 
11",.1' al't: agaill brought to our notice by him for our information, 
a"" 1,0 lllay he sure that I for one will receive his future communi
(':rtiIlIlH with the utmost gratitude. 

Mr A. F. Crosse-Mr President and gentlemen, Mr Torrente has 
rall"'I' !:lIt the ground from under my feet. I wanted to bring 
l"I'II':ll'd :t proposal to the effect that Mr Denny's paper should be 
"'I,dt'd Ii)! HIlder different headings, and that we should devote not 
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more than one or two evenings to each subject, and, perhaps, by the 
time we have done with the discllssion of his paper we may get the 
franchise. I am talking now quite seriously. His first subject is 
crushing (I mean the subject is crushing); second, sorting ; third, 
milling; fourth, amalgamation; fifth, concentration; sixth, classifi
cation; seventh, cyaniding; and eighth, cyaniding of slimes. Of 
course, there are also various sub-divisions. He has treated them 
from a mechanical and financial point of view. I can pity our 
Chairman. How are we to regulate this meeting if one man talks 
about crushin'g and another man talks about cyaniding slimes ~ I 
think the subject should be divided up into eight different headings 
and we should discuss them as Mr Denny brought them forward. 

Mr J. R. Williams-It is with no small diffidence that I attempt 
a criticism on M;r Denny's valuable paper, as I well know his 
great reputation as a master of fence, but I feel that I should be 
lacking in my duty to this Society if I allowed all his statements to 
pass unchallenged. Whilst quite expecting that I shall be com
pletely pulverised, I will endeavour to briefly touch upon some of 
the points raised. 

Sorting.-As I am certain that others who have gone carefully 
into this question, which is of the greatest importance, will deal 
very fully with it, I will content myself with but one remark, which 
is that I take great exception to an extraction of only "80 per 
cent. from all sources." . Thus, if, for instance, you take the case of 
a mine where an extraction of 60 per cent. is obtained in the mill 
(of which we have several examples), to obtain 80 per cent. the 
secondary treatment plant only calls for an extraction of 50 per 
cent. Surely Mr Denny will admit that he is not satisfied with 50 
per cent. extraction from his cyanide plants. If 90 per cent. ex
traction from all sources is taken (this was about the average of the 
Rand mines subsidiary companies when in full swing before the 
war), Mr Denny will find it necessary to considerably' modify his 
figures. 

Milling.-On page 125 the author questions the judgment of the 
various managements in the use of screens, and would make us 
believe that from the Robinson Gold Mining Co. to the New Heriot 
Gold Mining Co. the same screen should be used. Mr Denny states 
"there is no special differentiation of features, so far as the writer 
is aware, which, from a metallurgical standpoint, can be claimed as 
determining a necessity for a variation in mesh from 400 to 600." 
As r have the honour to be consulting metallurgist to ten com
panies in this area, for Mr Denny's information I will state that 
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t 1 practice has shown us that there is every difference. As a ac ua . . 
. pOI'nt when the Nourse Deep commenced crushmg, because case In , 

~ 700 screen was fo~nd ad vantageous to the o.ther D~eps, the same 

,vas tried, with the result that very high residues were ob-
screen . 

. ed Examination of these resIdues showed that the o"old was tam . > 

sed but the use of an 800 screen at once gave an increased per-cnca , . . 
centage by amalgamatIOn, and. the cyallide works re.sidues were 
reduced by more than a dwt. m value. At the Ferreua Deep ex
haustive experiments proved that it was absolutely necessary to use 
a 1000 screen. A 1200 screen was also tried, but it was found that 
the use of the 1000 screen was the most profitable. 

On reference to page 130, it will be found that Mr Denny con
tradicts his Qwn statements in which we read: "Although the 
bunket ores of the Witwatersrand Main Reef series may be justly 
described as being remarkably uniform in mineralogical character, 
there are physical variations in their constitution that are of con
Riderable metallurgical interest, these having a marked influence on 
their amenability to different methods of treatment," while on the 
same page the author states: "It is clear that in consequence of 
these differences the treatlllent at one mine may vary con
siderably from that at another." May not finer crushing be 
(lne of the necessary variations ~ I think so. I am pleased 
to find that Mr Denny and myself agree, as in the 2nd paragraph 
of page 140 he statr.s: "\Ve have, of course, the cyanide process, 
which in some cases, on a charge containing about 20 per cent. of 
concentrates, will, given a long treatment, show an extraction of 90 
per cent., but in others the latter figure does not reach 50 per cent. 
Even in those cases where it is claimed that the process is doing 
:;atisfactory work the expenditure, when taken with the value 
of the residues calculated upon a comparatively clean concentrate, 
n:presents an amount in the matter of costs which certainly admits 
of very considerable improvement," and he also very forcibly shows 
tltat with finer grinding a very high extraction can be obtained 
{'vcn in those apparently of a refractory nature. I am certain that, 
fl'om an extraction point, Mr Denny will attain every success by 
his proposed system of regrinding. This mode of treatment of 
I'oncentrates was first brought to our notice in a paper read before 
1 he Society on an "Australian Slimes Agitation Vat," by the late 
\Tr F. C. Pengilly, on December 18, 1897.I 

A7IIalgamation.-Mr Denny gives us what he calls a curious fact, 
Illat the extraction by amalgamation decreases from west to east. 

1 Proceedings of this Society, Vol. II., pp. 180-182. 
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I should like some figures to substantiate this statement, and would 
bring to his notice that for the twenty odd companies with which 
I am connected the highest extraction by amalgamation is obtained 
on the Ferreira Deep, about the centre of the Rand; that for a 
year before the war, the New Modderfontein, our most eastern 
company, gave 60'5 per cent., whilst the French Rand Gold Mining 
Company, the most western of our group, gave 53'67 per cent. 

I do not quite understand the 1st paragraph on page 127. Does 
Mr Denny want to take credit for the use of lime in the mill? I 
may say that as far back as 1871 Mr Rossiter W. Raymond, in his 
work, "Mining Statistics 'Yest of the Rocky Mountains," on page 
366, makes the following remarks: "The worst form of discoloura
tion of plates proceeds from the action of sulphates of iron or 
copper present in many ores from the natural decomposition of the 
pyrites. The addition of lime to the water· introduced to the 
battery, as much as will dissolve therein, will neutralise the 
carbonic acid and decompose the sulphates. It may be found 
necessary to add lime to the ore to furnish enough to react on all 
the sulphates," and, further on, in the stock of individual chemicals 
which should be kept in the mill, "caustic or unslaked lime" is 
mentioned among others; and in a paper read by myself before 
this Society in April, 1899, on "The Indirect Advantages of a 
Slimes Plant," 1 I gave figures showing the increase in amalgama
tion, as well as the saving in water. If Mr Denny does not take crcdit 
for the use of lime, his statement to the members of this Society 
is on a par to telling a thirsty man that a drink will do him good. 

The writer puts down the amount of mercury lost per ton milled 
at 1'3 ozs. If this is really so, and it is not an error in the decimal 
place, all I can say is that it denotes very bad work. On 6000 
stamps this will work out at 2430 Ibs. per day, or over 400 tons 
per annum. The average for the subsidiary companies of the Rand 
Mines, Ltd., from January to August this year was 0'129 oz. per ton, 
and to show wh~Lt can be done with careful outside amalgamation, 
I would like to place on record that Mr Bevington, at the Village 
Main Reef Gold Mining Co., does not exceed 0'07 oz. per ton. 

Mr Denny again contradicts himself, for on page 125, 5th par., 
we find: "It is obviously to the great advantagc of the mines to 
secure from their mills a maximum crushing efficiency-since it is 
only as a crushing medium that stamps are regarded-in order to 
economise on capital expenditure for·' plant, for bin provision, 
buildings, etc.," whilst on page 128 it is stated, "Our most simple 

1 Proceedings of this Society, Vol. II., pp. 657·663. 
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process is, therefore, responsible for two-thirds of our gross 
revenue, and as all our subsequent operations are expensive and 
are only moderately efficient, it is of the utmost importance to do 
overy thing possible to kcep our. amalgamation practice at its 
"Tcntest efficiency. Every pennyweight of gold that passes over the 
~Iutcs only yields on an average 80 per cent. to 85 per cent. in our 
~lll)l;oquent operations, and carelessness in amalgamation thus 
I'cHl1lts in heavy loss." Gentlemen, which are we to accept? I 
,,11Oulcl most undoubtedly say the latter, but of this more anon. 

(,'flllcclltration.-I quite fail to find anything new on concentration 
that wus not covered by the Concentrates Committee and reported 
hy the Chamber of Mines in their" Annual Report for 1894," but 
I 1l1OHt cmphatically take exception to his taking one company as 
"howing what extractions can be obtained from spitzlutte product. 
If :\It' Dcnny will take the case of the adjoining company, he will 
lillll that the cxtraction on this product amounts to 89'61 per cent. 
1'01' tho ycur ended August 31, 1903, and that the average of the 
1::11111 lIlincs subsidiary companies is not less than 85 per cent. ; 1 

11111.'1, ill lIlukilJg a comparison between vanners and spitzlutte it will 
1111 Ilol:o:isary for him to very considerably modify his figures. I 
111111,11 1'1::;I'ot that Mr Dcnny has not taken the trouble to obtain a 
11'\1 ;1 \I!I';I:~I:H, tlH resi(lues of 3'160 dwts. do not in any way represent 
1/11' ;1 \ 1'1';1:;0 work of the Ham!. 

(),I P;I:';O I :\(i Mr Denny gives us a very interesting eye-opener on 
1/11' l'IlII:;lit.llollt~ awl value of ore after passing amalgam tables, and 
,111'11 ; II i 111;1 t 

:;,I'!; 111'1' Iiolli. of Hulphurets extracted by vanners contain 82'9 
PI'I' 1'1'111,. of the gold, 

;',1' 1 pOI' (!I:II1 .. of sulphurets in sands contain 15'3 per cent. of 
1111! :~Illd. 

,:11 1"'1' 1'1'111, of HlllphmetH in slimes contain 1'8 per cent. of 
I III' ,~'." II I , 

Irl,,,,h i:, 1\ illl"lll. IjllllHiioll, a vory remarkable analysis, and very 
./1111'11'111 I" "II,I'lllill,!:' ill Illy OWlJ expcrience, I was so much 
,,11111'1, II II1, 1/11' ,,' 1'1'111;11'1-:11.10 rcsults that I wrote to Mr Denny 
;1',,1,'11': 111111 ,Ill 1,,1. )1111 11:\\'0:L Hample of the tailings after passing the 
i'I"II' (:'11'111"110 \;IIIIIIII'H, wiih which hc kindly furnished me. On this 
N:lIIII'I,' I 1';II'nl'lill'y ('''IHlrimclltcd, with the result that on grinding 
'" ;". III p;I.-; ;1,.:'>io,:10 mesh (900 screen), the sulphurets caught by 
II I'd 111;11',1' p:llllllll:-;' a:iHaycd ovcr 12 ozs. to the ton, and not 21'9 
d \I' I ", :1, H~II)\\'11 by Mr Denny, that using the well-known method 
"f NI'I1:1 1';It.11I11 ],y Hpouific gravity with a solution of iodide of mercury 

II ' 
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the sulphurets obtained assayed over 20 ozs. to the ton, and that 
the sands now freed from their free gold and sulphurets had a 
value of under one dwt. to the ton, and not 3'35 dlVts. as stated by the 
author, so I fear that his figures may not be taken as very reliable. 

We will now proceed to the Profit and Loss account under 
classes" A," "B" and" C" on pages 137 and 138. For the sake of 
discussion we will accept class" A," profit £8735, but I find it quite 
impossible to understand why 23 per cent. of the gold should be 
left in the sands residue after spitzlutte concentration in class" B," 
and I can assure Mr Denny that it is quite impossible for him in 
class" C " to get the same amount of gold in !lis concentrates by 
the vanning of spitzlutte product for the following reasons:' (ct) 
The fine vanner slimes, rich in value, will not be caught. (b) That 
experience on the Rand has shown that the vanners do not work as 
well on classified product (see Chamber of Mines Report for 1896). 
(c) That to get all the concentrates on the vanners with the small 
amount of sands claimed is against all laws of hydraulic classification. 
I have prepared a comparison between the work actually done 
upon the New Goch Gold Mines, Ltd., on the author's figures as 
against that done upon the adjoining property (Henry Nourse Gold 
Mining Company, Ltd.), bringing down the value of the ore milled 
to 10 dwts. per ton. These figures show a difference in favour of 
the Henry Nourse of £ 1593, or 2s. 7 ·86d. per ton milled. 

NEW GOCH GOLD MINES, LTD. 

12,000 tons crushed at 10 dwts., gold at 85s. per oz., £25,500 
Mill recovery, 47 per cent. £11,985 
Less cost of milling at 2s. 6d. per ton 1,500 
Profit on mill £10,485 
Contents of pulp leaving mill £13,515 
Net profit (extraction on Mr Denny's figures 

£13515x61'17 
of 61'17 per cent.), , 100 = profit from pulp 8,044 

Total profit £18,529 

HENRY NOURSE GOLD MINING CO., -LTD. 

Mill, 800 screen; extraction, 59 per cent. 
12,000 tons at 10 dwts., gold at 85s. per oz., £25,500 
Mill recovery, 59 per cent. £15,045 
Less cost at 2s. 6d. per ton 1,500 

Profit on mill (carried forward) £13,545 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



C\ov. 1903] Water and the Slimes Plant 179 

Profit on mill (brought forward) £13,545 

Coutents of pulp leaving mill £10,455 
l':xtraction, 83 per cent. (less 3s. 6d. per ton 

treatment), profit 6,577 

Total profit £20,122 
l)itl'erence, in favour of Henry Nourse, £1593, or 2s. 7·86d. per 

ton milled. 

1 )c(luctiolls to be drawn from figures on pages 137 and 138 show that 
,II'I'I'piing "A" on work actually done at the New Goch Mines, that 
., I: ., mOllified as per actual work done on the adjoining property, 
,;]11)11'8 that" A" stands out as a very excellent example of how not 
10 do it. "0," being against all practice and all laws of classifi
":11 iOIl, provcs that metallurgical plants cannot be worked on paper. 

;'Iillll'.~.-Mr Denny on the slimes plants reminds me of the 
"11,11'1': "There ain't no words for it!" He would have not us, 
1"iI 0111' fricnds across the seas, believe that the greatest gold mines 
illll'1: 1I'0l'M had to wait for Mr Denny to evolve a solution of the 
II'I'II1,IIII'lit of slimcs and the saving of water. He quietly tells the 
1111'111111'1':: of this Society that "on the majority of our mines to
,/,1 \ li'l: j)\'!:J'tlow from thc spitzkasten above the cyanide vats is 
,I II" 1\ I "I 10 How cithc]' through laundcrs or open cuttings to the 
1"","'111ill:: pitH HII(l in muny cases the length of such conduits 

\ "I'y I'IIIII:id(!l'al,lo, aIHl, .consequently, the loss of water, firstly, 
I,\, "I, '"'ll1i",I, a11(1 H!:(!oll(lly, by evaporation, is correspondingly 
1".,11 I'." ,"-;III'Idy, tho alltho]' JIlust know bctter, as I can hardly give 
lilli' '1'"lil rill' ::111:11 :I. vnr,Y lIulimite(1 powcr of observation. I can 
,,"I \ ".I 11,,'1 I,I: 11:t:: di~iortc(l facts. Thc Ohamber of Mines for 
\""1' I ,11,,1 '''-;1'1'11'11111111' !:lioll' that thc compauies which produced 
II"",' 11',11' I 1\ II III i ",I ' "I' 1111! totnl output arc cquipped with working 

111111' 1,1.,"1,. illri,"''[, ir ,V01l (lxdwlc thc East Rand Proprietary 
,\III'" ,,11,01 1111' 1;"I,ill "II :',l'Ollp which is notoriously backward in 
1\ "II I, ""1\ II 1;,lIlri 1"'111'1 il'I', 1110 main defaulters are the mines con-
1,,,11,,,11,\ IIII' (:"111'1',11 .ljillillg amI Finance Corporation, Ltd., 
"lid \111 1"1111,1 1,I"illl 11lllt "thc rcsults of our work thus far 
11111" II,' 11",j 1111 1111' ,""1:1' of ,~ater separation we may be quite 
:11,1".,111 " ,1 1III'IrlIIIII. \1111 realIse all our expectations"has been 

:111 "'.,."IIII,li lwei Fllf'l. 1'01' HOme years. This saving of water I 
1"",1::1,1 111.1'''"1' I10li('0 ill a papcr read before you in April, 1899.1 

, "I", I i "",'1. Ad VII 11(11.::1'11 IIf It Hlimes Plant." Proceedings of this Society, 
\' "I. II. 1'1'. liil'·lilj:l. 
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In this connection I would like to ask the author in what way is 
his slimes plant any improvement on, say, the Bonanza, one of the
earliest direct treatment slimes plants in the world, which started 
more than six years ago, the water there being returned direct to 
the mill. I could give several more examples. Mr Denny has not 
yet given us the cost of treatment or actual extractions of the Van 
Ryn plants, but I am sure that we, one and all, hope that it will 
do far better and cheaper work than our present plants, "a con
summation devoutly to be wished." 

On page 157 the writer brings to our notice the loss sustained 
by using filter mats for too long a period. I cannot too strongly' 
congratulate him on having so forcibly emphasised this fact, and I 
do trust that all those connected with cyanide operations will' 
strongly bear this matter in mind, as in some instances it means an' 
extra profit of from Is. upwards per ton. 

I am sure you will all agree with me in according Mr Denny a. 
very hearty vote of thanks for the results of many interesting 
experiments on concentrate treatment, with and without fine
grinding, and I note with pleasure that it is his intention to use a 
flint mill for regrinding concentrates before their subsequent 
cyanide treatment, which, I am certain, will be accompanied by a. 
large saving to the New Goch Gold Mines, but I am still of opinion 
that, with moderately fine crushing in the mill, frue vanners are· 
superfluous, on account of their heavy initial cost and high cost of 
running. 

I fear that I havc already taken up too much of your time, and' 
while thanking Mr Denny for bringing. forward this paper, I much 
regret that it has been necessary for me to draw his attention to· 
some inaccuracies in well-known Rand practice. 

Mr C. Dixon-I fear the remarks I have to make on Mr' 
Denny's paper will appear to be somewhat rambling and disjointed, 
but it is difficult to take up such a lengthy paper in which there 
are so many repetitions and contradictions and reduce it at once 
into the much desired nutshell. I am sorry Mr Denny did not 
contribute a few more pages to our proceedings in the form of a. 
summary or index to his paper. 

The first point I wish to refer to is in connection with the· 
author's suggestion (page 126) that he considers it desirable from 
the standpoint of stamp economy and / efficiency to have stamps of 
various weights in the mill crushing the different sized products 
from the breakers. To my mind, increased efficiency would only 
be obtained with the lighter stamps by running them at higher-
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Rpced and shorter drop, and in doing this I think the suggested 
" economy" is extremely doubtful. 

,Vith reference to Mr Denny's remarks on page 143 and 
I.l~ewhere, in connection with his experiments at the New Goch 
,\Iines, it may interest him to hear that in 1898, at the Woodstock 
~IiIlC, Karangahake, New Zealand, they were treating their 
1'llIIccntrates by fine grinding in Berdan pans and then agitating 
,lith cvanide solutions, and so far as I am aware to the contrary, 
1 hey ~ay still be doing it. I believe also that at the Thames 
SI:hool of :Mines public reduction plant the same system has been 
IIHell for some years, and no doubt Mr Denny's assistant, Mr Wayne 

o",ho was working in these, districts about the time I refer to
"ill bc ahle to bear me out in this statement. 

()II pagc 158 the author finishes up his remarks on sands 
1 )'('aimcnt hy saying, "I confidently look forward to the time 
II ht'll our hugc plants, necessitated by the prolonged percolation 
lill,tho!lH in vogue to-day, will give way to something very much 
11101'1: Himplc and effectiyc, both in design and operation, etc., etc." 
I :ldlllil'O hiH cnthusiasm. J\1r Denny then goes on to speak of the 
"'JlI'I'imontH hc has in hand at the New Goch Mines on "the short 
11"';11111"111. of H:1II11H," :mll hy his further remarks later on, pages 170 
,,,,,I Ii:!, ",' cl'O wlu'ro ;vIr Dcnny gets his enthusiasm from, and 
1111,',111 "'" ,,";!I,ly illfl:!' from his observations that, as soon as that 

"1
'
1,11 ' "I ",I':lIlIlgOll bromidc arrivcs at the New Goch Mines, our 

.. 1111",1', "lllIdJl'I'tHlJllO, allll cxpcnsivc-to-a-degree" metallurgical plants 
"1'(' .1,11,1111''' f"I' 1.1uI Hemp heap. Well, I remembcr the time, about 
III I' III' i \ ,1"';11'" ago, whcn I also was anxiously waiting for a small 
"1'l'ly "I' ,)':IIIogen 11I'omide to conduct experiments on my sands 

111';111111'111.. It rcaehcIl me in due course, and I did my experiments, 
1,111. 1110 "hugc, eumbcrsome plant" is still there, and, on these fields, 
;11, :111)' mto, it will rcquire something more than fine grinding and 
',\';1 "".'~1lI1 1Jromi<ic, as suggested by Mr Denny, to shift them. 'Vhen 
1':';1 "wtH. Hli~es can be treated, as they are, at a handsome profit 
11'y tlll'HO atlmlttedly huge plants, after making liberal allowances 
1',11' I'odomption, etc., and. charging up everything possible against 
1 III' tT't':ttmcnt c~sts, I fall to understand how one in Mr Denny's 
I" ,,11 ](~n can delIberately call our plants "expensive to a degree," 
,,1111 wlHh I could look forward as confidently as he does to "some
til illg infinitely cheaper and more simple" in the near future. 

(hi pagc 165 t~e author touches on West Australian practice, and 
.I I'a \\,H our attentIOn to the fact that on the Rand, "whereas here 
II,' :11'(1 oontent to follow on the lines of one generally accepted 
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metallurgical scheme, the metallurgists of ,Vestern Australia are 
supporting the rival claims of two processes, differing very widely 
from each other, and both of them operating successfully "-he'does 
not say equally successfully. 

Mr Denny suggests that such a condition of things may yet 
eventuate on these 'fields. r am convinced that so long as the 
Chemical, Metallurgical and Mining Society of South Africa is in 
existence that there will never be two entirely different metallurgical 
schemes on these fields for very long. Every process or scheme 
which is likely to help the industry is gone into thoroughly and 
impartially as soon as it is brought to the notice of our members, 
and the best process" whatever it may be, will always be adopted in 
a remarkably short time, but there is no chance here for two entirely 
different schemes, for the simple reason that there cannot be two bests. 

Each process has its own sphere of usefulness, and it cannot be 
denied that cyanogen bromide has been very beneficial in the treat
ment of the Western Australian sulpho-telluride ores, as the cyanogen 
bromide attacks the tellurium, leaving the cyanide to dissolve the 
gold. But we do not need the assistance of cyanogen bromide on the 
Rand, nor is it suitable to our ore, as, r believe, the inventor him
self, Mr Livingstone Sulman, discovered after working his process 
here in 1895; but, at the same time, he was not in the least dis
couraged by the results obtained here, as he' was quite satisfied and 
confident about his process, but recognised that he would have to 
move on until he found the ore to suit the process, and this he has 
done in vVestern Australia. r would refer Mr Denny to the very 
interesting paper, read before this Society by Mr Sui man in 1895, 
entitled" Notes on the Behaviour of the Haloid Elements in Con
junction with the Cyanide Process," 1 and the following discussion. 
It will then be seen how thoroughly the matter was gone into on 
these fields more than eight years ago. 

r entirely agree with the statement that the vVest Australian 
ores are certainly more refractory and harder to treat than our ores 
here, and for this very reason, when comparing ,Vest Australian 
practice with that of the Rand, r cannot agree with Mr Denny's 
remarks on page 169, when he says "the various operations (in 
Western Australia) are characterised by extreme simplicity, and, 
under favourable conditions, should be done at a very low cost." 
Surely, Mr Denny is not serious when he makes this statement, or 
have r misunderstood his meaning? They have very clever and 
experienced metallurgists in Western Australia-quite as good as 

1 Proceedings of this Society, Vol. I. pp. 109·118. 
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we have here or on any other gold fields of the world-and I am 
~nre they would never say ,Yest Australian treatment "was 
eharacterised by extreme simplicity" in comparing it with the 
practice here, for they cannot compare with our plants in 

" simplicity and costs." 
On page 168 Mr Denny tells us that the filter presses so largely 

l1Hcd ill Western Australia are filled from the Montejus by means 
of compressed air. It may interest him to hear that, although 
this was the practice previous to the year 1903, most of the up-to
Ilatc plants now plump the slimes direct into the presses, and this 
111I~tholl is a great improvement on and much more economical than 
,I hat might noW be called the old compressed air system of filling. 

I hayc endeayoured to show in my remarks that our Rand plants 
;Ire 1I0t "cumbersome and expensive to a degree," as stated by Mr 
11I'lIlly, Ll1t that they are most suitable for our local conditions, and 
1 hat Hand metallurgists and engineers are entitled to claim with all 
IIIH: llIodesty that the \Yitwatersrand is the leader in all metal-
1'11".,,;il':ll practices regarding the treatment of " simple auriferous ores." 
With the splendid facilities and exceptional opportunities we have 
1111 tho Itaml, I can only say it would be a disgrace to the members 
"I" ~:III'h a representative Society as ours if we were not more 
",[ I ;1I11:ell in our methods than any other part of the world, and we 
11:1\ I' III) right to allow Mr Denny or anybody else to make such a 
• II l'I'pill,'; and disparaging statement as he has done without taking 
"1'11111 l:liallpllge and showing what it is worth. 

;--;1I1,1J ;1 papcr as Mr Denny has been good enough to read to us 
"II"I'I\.. ;l1llplo scope for discussion, and I hope, therefore, to see 
III" II)' 1I11111lhers Oil their feet to-night who have hitherto been what 
"III' l'I'I'::illcllt calls" content with a dignified silence," so that we 
""'.1' 11"111 t1w hCllefit of their impressions on this paper. 

A MI~lJl1Jor I would like to draw the attention of the Society also 
I"" l'I'''I:II'i, whieh came from a member of a representative society 
III \ \ ,',11'111 ,\ lIstralia. Nfl' Morgan said that for size and output no 
"'''1'' 11111111',1' h"tlllecll wasted on any plant in the world than that 
"I \\" 11'1'11 ,\II,traiia. 

Mr 1:'. F. Aloxander-I must agree with some of the earlier 
I'~'''I''I'I,,: l'I~g;lI'dilig Mr DClllly'S paper. It is of such huge propor-
11"11, II"d, 01111 ('11I1 hardly expect to wade through the whole of it. 
I 11:' I I' 1;1,1'('11 llpO~1 llIysclf to make a few remarks on milling only, 
II 1'11'11 I h~d haH, III Mr H. S. Denny's very practical observation on 
IIII' ItIl~tali1Jl'gical practice of the 'Witwatersrand been somewhat 
illll'l'I'fl'I·t1y dealt with in comparison to his ver/ exhaustive treat-
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ment of the cyanidation of the ore. By milling I mean crushing 
and amalgamation, which, by the way, bear a somewhat similar 
relation to one another, as do extraction and precipitation in the 
cyanide process. Crushing is therefore the first and most important 
part of milling, which should occupy the foremost consideration of 
millmen. 

Now, I claim that the condition of our present-day methods of 
gold mining is very largely due to what Mr Denny is pleased to 
term the elaborate work that follows. 

I am therefore surprised to find in Mr Denny's paper so much 
scientific matter dealing with the after effects of a most imperfect 
product as a base. It is readily conceded, especially on these 
fields, that the gravitation stamp mill cannot be beaten as a means 
of pulverising our gold-bearing rock to a certain degree of fineness, 
but, and here we must pause, to what degree of fineness consistent 
with the maximum duty of a stamp mill has yet to be thoroughly 
tested. 

Amalgamation under existing conditions has, in my opinion, 
been the cause of limiting the efficiency of our present-day mills 
and we are liable to sacrifice the greatest efficiency of our mills to 
this cause. 

We cannot materially increase the screen area, because the 
amalgamating tables in their present position are not suitable, 
and I maintain that, given a space of, say, 10ft. to 12ft. between 
the mortar box and tables, where a platform could be erected, 
screens and classifiers fixed, and the classified pulp fed on to the 
tables from a main supply launder, the crushing power of our 
mills would be materially increased. I think it would even 
surprise millmen if they could see the accumulated pile of un
crushed rock that would be taken out of what is now considered 
a finished product by means of small spitzlutten during a month's 
run of 100 stamps. 

Mr Denny's quotation that amalgamation is responsible for 66 
per cent. of the gold won on these fields naturally makes one 
hesitate to disturb so simple a process that yields so much, but 
these figures are misleading, inasmuch as they do not represent 
the true value of extraction from the total gold contents of the 
ore. 'Twenty years ago amalgamation here was responsible for 
100 per cent. of our production, but quite 35 per cent. of the total 
gold contents were lost. The present-day extraction on the ore 
value by our mills is not more than 60 per cent., and this, viewed 
from the point of greatest possible extraction, does not compare 
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favourably with the cyanide process, which is capable of an 
extraction equal to 85 per cent. on the same value of crushed 

material. 
We must therefore concede that, the cyanide process is capable 

of the highest extraction, and s~ould, in consequenc~, requisition 
from the mill a product most sUItable to the economIcal recovery 
f the gold contents. It is often argued that amalgamation might 

;:e entirely done away with, but this is only the idea of extremists 
• 1(1 should not be entertained seriously for one moment. From a ell . 
(.yanider's point of view there can be no benefit whatever accruing 
£I'om the presence of free gold in any shape or form in the pulp. 

This brings me to a point where the distribution of labour in the 
mill might well be considered with beneficial results to both 
{.rushing and amalgamation. One amalgamator, assisted by a 
white man and one kaffir, is often called upon to run 60 stamps, 
aud at times even 80. These men, assisted by the foreman in a 
"cnernl way, are kept fully employed under normal conditions, and 
~'hen called upon to attend the extraordinary breaking of stems, 
Hhifting tappets, and bursting screens, that will occur in the best 
T'ngulated mills, their strength and energies are overtaxed, to the 
detriment of both crushing and amalgamation, which in its turn 
affects the cyanide recovery somewhat in this way. All hands 
:11'0 requisitioned to remove a broken stem from No. 1 battery, 
11'11011 a broken screen is for a few minutes unnoticed on, say, No. 
il. Hesnlt: coarse rock over the plate which scours and scrapes off 
111(~ loose particles of amalgam. 

A hundredweight of uncrushed rock will pass into the pulp, from 
"hieh little 01' no gold can be extracted, until the assay depart-
1I1I'lIt a fortnight later returns a residue result which is fairly 
".,lo11ishing. 

ThiH picture, gentleman, both in cause and effect is not of 
illfl'oqnent occurrence, and might be prevented by a more 
"I'ollomical distribution of labour and classification before the 
pili p reaches the tables. I believe it would be distinctly 
,,,I \':lJItageous to place the crushing under qualified men, who 
1\ IIlild do their utmost to obtain a high efficiency. The pulp 
"I'll'!' . dassification would be dealt with by the amalgamator, who 
""Idei attend solely to this branch. The classified product to be 
1".~l'oI1J1(I, either in a tube, flint, or ball mill, or returned to a 
I "",11'1',\' set aside for this purpose, the whole of the pulp being 
,illllIl'ltC!y passed over the tables as a well-finished product that 
,,",,111 YlCld throughout the recovery works a higher percentage of 
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the gold contents than we can r~asonably expect to recover under 
existing conditions. 

In conclusion, I feel sure that the combined efforts of the metal
lurgist with the practical assistance of our capable millmenwill, 
within the near future, attain the proud position on these fields of 
being able to extract the greatest possible quantity of gold in the 
most economical manner known to modern science. 

Mr R. L. Kerr-I have come here without any notes whatever, 
and am only going to tackle him from one point of view, that is, 
slimes. As for the battery, we have several battery managers here 
who could take up that. When the pulp leaves the battery it goes 
to the cyanide works. The cyanide managers can tackle him on 
that. I will go a bit further and talk about the pulp which leaves 
these cyanide vats and goes into the slimes plant. Now, with 
regard to these slimes, Mr Denny has more or less adopted the 
principle which yon find in the coal-washing plants of South Wales. 
There you have a series of jiggers, whilst the separation of the 
fine coal from the slate is facilit,ated by a layer of felspar on the 
surface of each jigger, the reason for this being that the specific 
gravity of felspar lies between that of coal on the one hand and 
slate on the other. N ow, he has adopted the plan of concentrating 
these slimes. I do not say it is perfect, but I see a lot of experi
mental work in it. I cannot say that he may be correct or not 
with regard to his slimes plant. He says he has recovered 81 per 
cent., which I cannot recover in the assay office. I am only trying 
to draw your attention to one fact: Cannot we find out a method 
v..-ithout the huge cost which we have for a slimes plant of adopting 
,something similar, and go on more or less' on his lines, which he 
has shown us in his paper, and carry out his theory. It may not 
be perfect, but he is going for a mechanical separation of the gold 
from material which carries no gold. 

Mr E. H. Johnson (read by the Secretary)-In such a lengthy 
paper as Mr Denny's able review of Rand metallurgical practice it 
would be strange, indeed, if there were not some points open to 
criticism, even with due acknowledgment of the patient and 
arduous work the article has involved. 

Mr Denny states on page 130 that "although the banket ores of 
the Witwatersrand Main Reef serie~ may be justly described as 
being remarkably uniform in mineralogical character, there are 
physical variations in their composition that are of considerable 
,metallurgical interest, these having a marked influence on their 
amenability to different methods of treatment." That being, I 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



xov. 1903J Spz"tzlutte and Vanner Concentrates 187 

think, generally admitted, I was somew.hat s~rprised at Mr 
Denny's comparison of the deepest producmg mme on the Rand 
with an outcrop company. 

Mr Denny's views of the possibilities of spitzlutte concentration 
seem to be somewhat at variance ,vith the average results on these 
fields and it would be interesting to those of us who use spitzlutte 
to le~rn how Mr Denny proposes to convert his assumptions into 
facts. In the results expected from the conditions of case C (spitz
lutte separation and subsequent close concentration of spitzlutte 
product) it is assumed that by means of spitzlutte 1407 tons of 
a 2iH7 dwt. product will be separated, leaving 7231 tons of 3·73 
(lwt. sands. In other words, that 56'7 per cent. of the total gold 
in sulphurets and sands will be concentrated by spitzlutte in 16'3 
per cent. of the weight of sulphurets and sands, and that .the 
spitzlutte product is 6'75 times as rich as the remaining sands. 
This would be a remarkable result to obtain with so simple a device 
U8 the spitzlutte and far exceeds anything done at present. Taking 
the rclative amounts of gold extracted as approximating fairly with 
thc relative original gold contents of the concentrates and sands, 
the following figures from the May report of the Chamber of Mines 
lIlay serve as an interesting comparison. All companies whose 
I'eturlls gave sufficient data for the purpose were included, namely, 
twelve companies using spitzlutte and five companies 'using vanners. 
The average results were as follows:- ", 

:Method of Concentration. Spitzlutte. Yanner. 
Percentage of gold produced from 

concentrates. 24'6 per cent. 42'45 per cent. 
Perccntage of leachable tonnage 

treated as concentrates. 11'7 per cent. 3'29 per cent. 
Uatio of gold yield per ton of 

concentrates to that per'ton 
of sands 2'6, 22'60 

From this it appears that Mr Denny's spitzlutte would have t~ 
take out one and two-thirds times' as much gold per unit of product 
:tH ordinary spitzlutte and would even remove from the pulp more 
,c;nl(l than the average vanner working on unclassified pulp. Experi
"II(~O with spitzlutte generally shows that the greater the percentag"e 
\\ !'ight of the product thus J,'~mov~d. the lower its assay value, 
lI'1iorcas Mr Denny'S hypothetical spitzlutte would remove more 

;(1111 far richer concentrates than is usual at present. With th~ 
"\(":ption of the Langlaagte Estate, where cyanide treatment of 
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vanner concentrates is practised, the vanner returns will probably 
be on assay value, not on gold won as in the case of spitzlutte, 
which slightly favours vanner recovery. From its nature the 
spitzlutte is a poor saver of fine pyrites, for which the vanner is 
specially adapted, and which by Mr Denny's proposal would in 
great measure overflow with the sands and not pass over the 
vanners at all. 

Classification of finely crushed pulp before vanner concentration 
is strongly opposed by men with long, practical experience of 
vanner work. For instance, "\V. MacDermott, one of the co-in
ventors of the Frue vanner, says: 1 "The coarser grit on a shaking 
belt checks the flow of slimes down the incline, effects a more 
perfect settlement of the finest particles of mineral, and does not in 
the least interfere with the delivery of the finest particles to the 
concentrate tank by the travel of the belt, There is no loss of the 
coarser particles of mineral, and a given number of machines will 
treat more ore than if the pulp were classified," 

Another point to be borne in mind is that the location of the 
gold in the residues is of even more importance than its location 
before treatment, since what we should mainly concern ourselves 
with is the gold going out on the residue dump, Should Mr 
Denny succeed in separating the expected percentage of gold by 
spitzlutte it is possible that he would find more gold was finally 
lost in the sandy portion of the residues than in the clean pyritic 
portion, even though the latter had not been subjected to further 
crushing. The following panning and grading results on box con
centrator residues at the Meyer & Charlton illustrate the point, the 
original value of which was 20 or 21 dwts, :--

Percentage Dwts. per Gold in dwts, Percentage Sieve Mesh, of Weight. Ton, pel' Ton of total of total Gold, Concentrates. 
------------

SANDS IN CONCENTRATES, 
Retained on 30 mesh .. , 10'35 1'60 0'1656 S'75 

" 
60 

" 
.. , 43'80 1'50 0'6570 34'73 

" 
90 

" .. 19'20 1'00 0'1920 10'15 
Passed 90 

" ... 6'12 0'50 0'0306 1'62 

PYRITES IN CONCENTRATES. 
Retained on 30 mesh ... 0'26 13'50 0'0351 1'86 

" 
60 

" 
.. , 7'65 4'20 0'3213 16'98 

Pass~d 
90 

" 
.. , 9'90 4'20 0'3780 19'98 

90 
" 

... 3'62 3'10 0'1122 5'93 
--------

ALL GRADES SAND .. , .. , 79'47 1'32 1'0452 55'25 

" 
PYRITES .. , 20'53 4 '12 0'8466 44'75 

1 jlIineral Industry, Vol. IX., p. 774. 
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From this it will be observed that more than half the gold value 
of the residues was contained in the sandy portion as mechanically 
separated, although, of course, the gold values of the sandy portion 
may have been largely due to mi?ute frag~ents of pyrites atta~hed 
to larger grains of quartz. The mference IS that Mr Denny mIght 
find it necessary to regrind the whole of the spitzlutte product, as 
has already been suggested by various members of the Society.! 
~Ir Denny's suggestion of carrying this further comminution to 
the degree of absolute sliming of the pyrites, with subsequent 
:I rritation with cyanide solution, is practically Dee ble's process, 
\\?hich was described some years ago in the Australian Mining 
Sltwdard (July 1, 1897), and also formed the subject of a paper by 
the late Mr F. C. Pengilly, read before this Society, December 18, 
lH97.2 The method is, of course, based on the metallurgical truism 
that any lixiviation process can only extract what is accessible to 
tho solvent, but whether the economic limit of comminution 
(:orresponds with the absolute minimum of encased gold that it is 
possible to leave in the residues is a point which still remains to be 
provcd when dealing with products from banket ores. 

l"\[r Dcnny's observation that a higher percentage extraction in 
onc of his trials was obtained from the upper portion of the charge 
might have indicated the need for oxygen below as well. Success
rill treatment of vanner concentrates has been achieved on the 
Uanu hy the use of shallow vats and frequent transfer during the 
I:011fSO of prolonged treatment to insure aeration. In view of the 
ligmcs quoted in the table, showing a pyritic residual value of 4·12 
dll'Ls, oven without regrinding, I was rather disappointed that Mr 
I )I:IIUY found the limit of solubility reached in his sliming experi-
1I11:nLs with a residue of 4 dwts. to 5 dwts. 

With rcgard to Mr Denny's comparison of Westralian and Rand 
I"'ill,tite, he omits to clearly point out that the former ores differ 
1',l1iJ'oly from banket, firstly, in their generally high assay value, 
illld, Hec:ondly, in their usually refractory nature, as evidenced by 
II,,: poor amalgamation recovery and the roasting, or sliming cum 
I'Yil1l1JgCIl bromide, needed to recover a high percentage of the gold by 
",\'itttilliug. Ores from which 10-dwt. slimes are regarded as "very 
l"lI )[' "a can hardly be regarded as on a par with ordinary banket. 
,\l:llly authorities indicate the complex and expensive process needed 
1III"'I:O\'cr the gold, as, indeed, does Mr Denny himself by inference 

I Hoo this vol. pp, 91-115, 
:' Proceedings of this Society, Vol. II. pp. 180-182, 
., Hee page 8 of Mr Knutsen's paper, referred to by Mr Denny, 
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in his paper. The fact that sliming our ore will render practically 
all the gold accessible and almost any percentage extraction 
obtainable is that one that will hardly be controverted by those 
with experience in metallurgical work on these fields, but the 
crucial point as to the cost of this operation and of subsequent 
treatment with cyanogen bromide and agitation and filter-pressing 
is information we should much appreciate. 

A modified form of Diehl's process was, I understand, worked by 
a Rhodesian company for some months, but their ore is now treated 
by a simpler and cheaper method, better adapted for low-grade 
material. The Diehl sliming process of treating telluride gold ores 
has recently been discussed by the well-known American metal
lurgist, Mr P. Argall,I who concludes that at Cripple Creek it will 
cost 8s. 4d. per ton more than even the roasting, which Mr Denny 
trusts we shall never have to adopt. 

By present Rand methods, assuming a 58 per cent. recovery in 
the mill and 32 per cent. in the cyanide plant (i.e. about 76 per 
cent. recovery on remaining 42 per cent. of gold in the tailings), 
9 dwts. of gold are won from lO·dwt. banket. 2 Apart from reduc
tion of working costs there remains then on an average only about 
1 dwt. of gold, say, 4s. 2d., to work on per ton of residues, as a 
field out of which to make additional profits. Details of working 
results on a large scale and of costs at the Van Ryn and New Goch 
Companies, which Mr Denny has been good enough to promise us, 
will be awaited with much i.nterest, but, for the time being, com
parisons of ores of so widely different a nature as 'Vestralian tellu
rides and Rand banket seem mainly of speculative value. 

Mr H. Leupold (read by the Secretary)-Mr H. S. Denny's 
comprehensive review of Rand reduction processes, and, still more, 
his able description of improvements that can be realised iIi the 
immediate future, has given all of us food for much reflection, and 
it is with great di.ffidence that I now venture to propose a few 
modifications to his general plan as outlined. 

That our present system of treating the coarse sands (is not 
"concentrates" a misnomer derived from vanner days? ), requiring 
as it does, from five to six weeks -to obtain the gold, urgently needs 
reform is admitted by all; that this reform should be by way of 
regrinding has been in the mind of many for some time, as stated 
by Mr W. A. Caldecott. Owing to the great freeness of the gold 
in banket, however, and its occurrence / in the matrix and pyrites, 

1 Engineering and },fining Jou7"lwl, 1903, 76 [2], 53. 
2 See article by Messrs Williams & Pearce, page 20 of La Oyanuration, 190 O. 
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I can hardly think it necessary to reduce these coarse sands to such 
cxtreme fineness as vVestralian ores require, and, tentatively, I 
would suggest 1,600 mesh per square inch-size of hole 0'012 
iIl.-as a size that should give satisfactory results in practice. In 
l'cllucing these coarse sands to pass 1,600 mesh per square inch 
~erecn about one half the total substance and practically all of the 
J!latrix and pyrites will be slimed, the remaining finely granular 
portion being mostly made up of the toughest barren flint. 

This product, as Mr Denny says, should then be passed over 
l:ojlPcr plates to catch all the gold it is possible to catch, and 
11J(mcc elcvated once more to the launder coming from mill. 
llerc the oscillating copper plates proposed by Mr A. M. Day 
IlIi:~ht be tried with advantage. By lifting the re-ground pulp 
i lito thc main tailings launder the slimed portion is passed to 
llio ~Iimcs plant and the fine sands go to the sands cyaniding 
1;llIks. Thanks to the grcat solubility of our gold in cyanide 
o"ll1tiol1s, I consider that separate treatment in revolving vats 
",,11111 hc dispcnsed with. The sludge pumps in our slimes plants 
,II": IIl1lst cfficicnt agitators, and it remains to be seen if a weaker 
"l)llIt i01l mcasuring foul' to one of solids is not more efficacious than 
,I 1)110 pcr ccnt. solution measuring two to three of solids, as used 
1,\, .\1,' [)CIlllY. 

Till: pr:wtical results obtained with the slimes plant at the Van 
1:,\'11 .\Jilll:H, as promised by Mr Denny, will be awaited by all of us 
\\ illl tho kocncst intcrest. Ever since I first saw this simple and 
, 1,''',III1.I:lIllti1lUOUS process published by Mr Hambly,l I felt convinced 
I 111'1'" \\;1:1 a great fnturc before it, though the discussion at the time 
""11101, "I' 1:I)III'HC, elicit nothing but meagre experimental data. I 
\\11111,1, 11I1II'1:Yer, suggcst that the rather fanciful outline of the 
\ "I, I",ill:'; a I:omhination of two cylinders and two cones, be 
"\,1,;111",,,1 i'1)/' that of a single cone having an angle to the 
1,"11,,,,,1,,1 Iii' 111)(. less than 60°. As to the general disposition of 
II", 1,1.,"1 ,I, ;llill,'; with the pulp as it issues from the mill, I would 
1",,01 Il,i 1,"11) n(.OI\OO over an automatic sampler into two sets of 
1'11.11111"11,11111 IirHt of which would separate out the coarse and 

111"""111,,11111' lilln ~allds, the former containing all the pyrites that 
I", 1111,1 111"'11 ,:lillll:d, Th.cse. spitzlutten could be disposed in a 
I,ll,"," 1" 1, III~' dl'll:4ol'lllps Issumg through syphon pipes only some 
I," III. I" '~I III. holow watcr level. Sevcral spitzlutten would hav 
III I", 01 i'l )11, :cd ill parallcl to suit the volume of mill pulp, and, o~ 
"11111', ", 111;(1':111 of the obsolete structures still used on the Rand 

, 1'l'ocl'ellingH of this Society, Vol. II. pp. 741-2. ' 
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exactly as described and illustrated in Rittinger's 1867 edition, the 
modern Bilbarz boxes discharging through a slot would have to be 
used so as to obtain clean and sharply defined products. 

I would so arrange the sectional area of spitzlutten, the amount 
and pressure of clear water, and the height of sands discharges (all 
of which can be regulated to a nicety in the Bilbarz spitzlutten) as 
to obtain, say, 25 per cent. of coarse, heavy sands, to be re-ground, 
and giving, in their turn, say, 15 per cent. slimes and 10 per cent. 
fine sands. 

If ,the slimes contained in the original mill pulp were 30 per 
cent. their final amount will then be 45 per cent., and as the sands 
(by difference) were 45 per cent. in the original pulp their final 
amount will be 55 per cent. 

Instead of having to raise the whole mill pulp to a height of, say, 
10 ft. above the upper cyanide tanks, we shall only have to raise 
the 55 per cent. of sands with at most double their weight of water 
to a height of 3 or 4 ft. ahove said tanks j a bucket elevator and 
belts might be used for this and for distributing. To use Mr 
Denny's figures for a 160 stamp mill, the former amounts to 8800 
tons, the latter to only 1300 tons per day. The 7500 tons of 
slimes pulp can be pumped from second spitzlutten overflow level 
straight to the slimes water separators, which are usually helow the 
hottom level of lower tanks. 7500 tons per day raised 32 ft. less 
high represents a saving of 10 nominal, and certainly not less than 
15 actual, horse-power running continuously. 

Were re-crushing of one quarter the dry weight of mill discharge 
adopted it would, of course, be possihle to crush through a coarser 
screen and increase the output in proportion as mcntioned by Mr 
Caldecott. The power per ton of rock crushed would drop and the 
balance be available for the flint or other regrinding mill. I 
believe, however, it will not be safe to go very far in this direction. 

I take it that Mr Denny's figures on page 167 refer to grinding 
to 40,000 mesh j if so, the output and power required would be far 
more favourablc when crushing to 1600 mesh only. Owing to 
the vagueness of the term "mesh," it is, of course, impossible to 
make any calculations. It would he a great step forward if Mr 
Philip Argall's suggestion could he generally adopted and, instead 
of meshes, the actual size of holes in decimal fractions of inches 
given. 

As to treatment of fine sands, I quite agree with Mr Denny that 
for the present no radical alteration in this is called for. 

Mr A. L. Edwards (read hy the Secretary)-Treatment of Gon-
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centrates.-Regarding the admirable paper recently read by Mr 
Denny, I wish to state the result of two experiments made at the 
Clutha mine in March last. 

The product was too low in gold contents to sell profitably to 
a reduction works, so resource was had to cyanide, and I give 
l)elow the results of a thirty days' treatment on practically pure 

slllphurcts :-

EXPERIMENT 

Weight of charge (dry) 
Assay value of charge 

" " 
residues 

Extraction . 
1,iDlc used per ton 
[ )ayH treating 
Tot;> 1 ('ost pCI' ton 

No.1 
200 Ibs. 

48 dwk per ton. 

4 " " 91'6 per cent. 
41bs. 

30 
15s. 

T[I(~ (·,harge was treated in an old wooden box made water-tight, 
111111 thc concentrates were spread evenly over the whole bottom, so 
;1;1 to ellsnre an even dcpth of 6 in. over all. Lime was spread over 
1 "(~ HllI'faco, then a preliminary wash of 0'04 per cent. KCN; after 
1 hi" 111lcl leached off, another weak wash, this time of 0'12 per cent. 
I\T:\, waH run on, and leached thoroughly dry; then the whole 
('IIILI':~(\ waH dug oycr and allowed to stand for twelve hours; after 
111 i" ;1 OJlO pOI' ccnt. solution of KCN was run on and allowed to 
l'I'III:li,1 ill (:olltact for twelve hours; this was leached off, and then 
till' 11,:11',";1' wa~ woak-washcd once in eyery succeeding twenty-four 
1111111' , 1111' 1,[lIll'go ])oing dug over before each wash, so as to ensure 
111111'111':',11 al'ratioll. 

'1'111"1: l'OII(:nlltratcs had he en lying for some time, hence the 
II- III" I Ii Ii 1111', 

\ \ I I" I,I I Ii ,'11;11',':;<: 
,\ ,1\' \" III,' III' (,1';'1',";11 

1< \ II ,I! I if HI . 

11:1,1 1I'I'"lill:; 

I. i 1111' III'Ii , 

1'1' ,iii "I", 

EXPERDIE:\"T NO.2 
4001bs. 
50 dwts. per ton. 

4 " 
92 per cent. 
30 

Nil. 

" 

'['Iii: . , I"I"'I'IIIII!III. WII:I (:arricd out on exactly the same lines as 
\" I" ~III' IIlljl'I:1., "~:i~','~ to (~ctcrminc whether the increased depth 
I:~ III, (111.11':1" oJ " 111. UH 111 hot) would lower the extraction or 
1" 1'\ 1'111. 1';lpi,j lca(:hillg, The result obtained proved that the 

N 
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extraction in no way suffered and the leaching was not affecteci; 
there was no tendency to cake or pack. The mesh of screen in 
mill was 1000 and the concentrator a "\Vilfley" table. 

No lime was required for newly made concentrates, thus con
firming Mr Denny's view. The object in using a one per ~ent. 
solution at the commencement was that my predecessor here had 
also experimented on these concentrates; in .his case a 5 per cent. 
solution was used, but in the end only a 76 per cent. extraction 
was obtained. Strange to say, he encountered the same difficulty 
that Mr Denny did in treating a mixed lot of tailings and concen
trates. So long as each product was treated separately a decent 
extraction could be obtained, but when the two were combined the 
result was unsatisfactory as far as profit was concerned. 

It occurs to me that Mr Jas. Gaze, late of the Village Main Reef, 
could provide us with some very valuable data of the experiment 
he carried out for the African Gold Recovery Co. on the Natal 
Spruit in treating high-grade concentrates by cyanide and 
agitation. 

Renewing of Filter Mats and Method of Filling Intermediate Vats.
Mr Denny's remark about old filter matting raising the gold value 
of residues opens up a rather debatable point. Older members of 
the Society will no doubt recall to mind Dr Loevy's remarks about 
the accumulations of gold found in some old filter mattings that 
had co~e under his notice, and, if my memory serves me aright, 
the same point was raised by Mr Julian, formerly of the Salisbury
Jubilee Cyanide Works. My experience does not bear out Mr 
Denny's contention. On this mine (Clutha Co.) we use Butters 
and Mein's distributor, and at the outset we had great difficulty in 
teaching the "boys" when and how to fix the slats in position. 
We could never collect more than 65 to 70 per cent. of the tonnage 
crushed in the mill, there being no slimes plant here. The loss of 
from 30 to 35 per cent. of the pulp was a rather serious matter. 
We then decided to try the experiment of fixing all the slats in 
position, holding the top one down by a crossbar and bolt, then 
filling up the collecting vat with water and turning the pulp in, and 
continuing to do so until the vat was full. The result of over nine 
months' work is that we now succeed in collecting 86 per cent. 
against 70 per cent., and the filter bed of one vat was renewed at 
the end of last month, and it is intended to renew the matting of 
the other vat some time this month. We have no difficulty in 
treating the resultant sands collected in this manner. The leaching 
cf the vats has becn in no wise impeded, and the final and best test 
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of all the gold contents of the residues, have remained normal, 
nameiy, 10 to 12 grains per ton. Now and again we get an 8-grain 
residue, and three months ago we had the luck to haye the residues 
of four charges brought down to 6 grains per ton, but this desir
able state of things did not endure. 

At the outset the question of profitable treatment was kept 
Rteadily in view, and after six months' work the debit and credit 
sides of the experiment read as follows: Tonnage increased by 16 
per cent. = 217 tons of 2 dwt. sands, which, after allowing for a 
"old residue of 12 grains, gave us an additional gold return monthly 
~f :3:l;i dwts. at 4·2s. = £68, 5s. per month, or a yearly addition to 
profit of some £819. Against this must be set off the renewing of 
a filter mat for each collecting vat (we have only two), but to be on 
Lho safe side we will put down two mats for each vat per annum. 
Thns wc have as follows :-

Fonr ncw mats at £7 
( 'aJ"Jlolltcr four days laying down same 
Six" hoys" four days each at Is. 8d. per day 

£28 
4 
2 

£34 

LhnH Hhowing a profit of £785 per annum, which would have been 
!O:-Jt had wc not adopted this method of filling. 

'1'1111 Nixc of mcsh used is 1000. 

J)IS(;l;SSION AT DECE)IBER j\IEETING, 1903 

Mr W. A. Oaldecott-With regard to the question of concentra
I illll, ;I, 1'1'1'1:1'1'1:11 to l,y Mr Denny, the following data on the associa
I ilill ,>I ,'~old '1111) pyritcs in ballket may be of some interest. 

,\ '"'"111'11' of HpiLxlnttc conccntrates before treatment, from a 
')""1,1"1',,1 IIlilll' 1111 tho cClltral Hand, using 1000 mesh standard 
III IlIill, W;I, "II:II:"~I'd 11'y (':trcfn.l panning into a pyritic and sandy 
1'"1111111, \11' \\ 111111)' dntnrllllllcd the gold in the respective 
1'" 1'111111,; 1',1'" ,1.1', ;11111 llill Hlllphllr by ordinary analytical methods' 
IIII' 1"'1'1"'111 ",':" "I pYI·it(:H was calculated from the amount of 
",1111'11111 1111111,), 

I :,1' IIii' 1111';1 II; ,,1,1,1\'11 1.1'la1H thc pyritic portion (18'2 per cent. by 
1\ "1,':111) 11111\['') 1~)':' 1":1' "(JilL. of pyrites and 48 dwts. gold per ton, 
,1I[d III,' "1111,1',1;"1111>11 (KI'H por ccnt. by weight) 1'53 per cent. of 
I" [11':[~1I1 {[".) d\\b;, ::11111 pcr ton. The sandy portion thus 
",11'1'1"') ,'I 1"'1' ['1'111. III 1110 total gold and 12 per cent. of the total 
1'\'1'11['; ill II", ['[1111'1'1111',111'<', :11111 thc pyritic portion 63 per cent. of 
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the total gold and 88 per cent. of the total pyrites. Hence,. for 
each unit of pyrites, there was practically four times more gold in 
the sandy portion than in the pyritic portion. 

The pyrites associated with the sandy portion were presumably 
largely adherent to the quartz grains, and it is possible that the 
gold lay encased to a large extent at the area of contact, so that it 
had pyrites on one side and quartz on the other. That the gold 
absolutely encased in the quartz particles is very small is shown 
by boiling in aqua regia.! Collins refers (" Proceedings of the 
Institute of Mining and Metallurgy," July 23, 1903) to the 
tendency of gold and silver to be "concentrated on the exterior 
skins of crystalline particles," and on this supposition there would 
naturally tend to be a higher ratio of gold to pyrites in the surface 
portion of a pyritic grain, attached to a quartz particle than in the 
remaining massive grain of pyrites from which this surface fragment 
has been detached by crushing. 

The practical conclusion is that even if by vanners or other 
mechanical concentrators it were possible to leave only a small 
amount of pyrites in the tailings from treatment of spitzlutte 
concentrates, yet' it by no means follows that the gold will be 
reduced in like proportion. A further interesting point is that the 
ratio of gold to pyrites in the sandy portion is much the same as in 
ordinary banket ore, namely about 4 dwts. gold to 1 per cent. of 
pyrites. 

Mr A. F. Orosse-I did not intend making any remarks this 
evening, but 1\1r Caldecott has brought up a very interesting 
subject. One question occurs to me, and there are plenty of 
millmen here this evening who lllay be able to explain it. In our 
mills we produce a very rich pyritic product, called black sand. 
It is very fine pyrites indeed in our mills in the East Rand; it goes 
as high as 40 ozs., after amalgamation. I ask any gentleman 
present, if he can explain why this particular kind of .pyrites is so 
very rich? It has puzzled me very often. 

Mr I. Roskelley-I find in Mr Denny's paper (the milling 
paragraph): "It is to the great advantage of the mines to secure 
from their mills a maximum crushing efficiency, since it is only as 
a crushing medium that stamps are regarded;" and, again, further 
on: "Taking the average of the producing companies in 1899, the 
total gold accounted for by amalgamation represented 66 per cent. 
of the gross output." Surely Mr / Denny takes up a strange 

1 See The Journal of the Ghc1m·cal, Aicta1l1wgical and Mining Society of 
South A/rica, page 58, July, 1903. 
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position when he says that a machine-which, on his own s~owing, 
is responsible for 66 per cent. of the total gold recoverY-Is only 
regarded as a crushing medium. That it is the only crushing 
medium on a mine is true, and its crushing powers should on that 
account be kept at the highest state of efficiency, but to regard a 
mill as a mere crushing machine is to disregard the important work 
which it has done and is still doing in the recovery of gold. 

Again, Mr Denny says: "Taking the figures over a number of 
mills the loss of mercury per ton of ore crushed is approximately 
l':1 ozs." 

In the first place, the loss of mercury is always calculated on the 
'1IlIIlhcr of ounces of gold recovered and not on the number of tons 
l'I'IlHhed, which has really nothing to do with the amount of 
l'II'T"(:nry used and lost. 

I :llt his figures are to me more startling even than the way he 
.~il C~ thcm. I have applied them to a 200-stamp mill, crushing 
IiI I: tOilS pcr day for thirty days, without considering the grade of 
""I!, HiIlCD, on his way of reckoning, this is unnecessary. The loss 
"I' lIl(!n:11l"Y is 39,000 ozs.! As a matter of fact, the loss in actual 
1\'clJ'killg with an average grade of ore is between 2000 and 
::000 OZH. 

,11101, II wOl'cl with 1.'1r Tavener,l and then I have finished. That 
:~:c'"111:11111.1l Hays that he has seen amalgam choking up the valves in 
1111'. I''ylillido works and that mercury is caught there in appreciable 
'1I"llllil.in::, MI' Tavencr, apparently, thinks inside amalgamation 
I,., "1I11:j,llillg to do with this, since he mentions the fact that it 
"''1'11 I'I'I'C I ill II, 1Ilill wheT"c inside amalgamation is used, and I agree 
II,11, I,ill'. '1'110 name thing would occnr if mercury were sprayed 
"" II", 1":111'" w11i10 water is running or if it were put in the boxes 
,,,,,I I"" 11I'e1llll'oll!,;h the screen. If mercury is sprayed through 
" ,·1,,11, "" 1,,:1 pl:l1c: O\'(lJ' which water is flowing the finely-divided 
I"" 11,·1,· \\111 11",11. 1111 the water and get carried to the cyanide 
II' "I, (III "~II, 1 "", 1110 llIorcnry that reaches the plate under these 
'"II,jIIIII' III" d"II'11 :llld gcts carried away. The remedy for this 
I. ""1,1,,\11'1"'111'.1' "llonl(l never be applied unless the stamps 
1,,",·1""'11 itllll", lip :lIleI I.hc water turned off. "\Vhen mercury is 
"1'1,11"" II .1""lleI I,,: l'III,lil:cl illto the amalgam with canvas blocks or 
k,t',1 111,,·1"'. 1,1.1111: C'ClIII'!:I'Lillg the amalgam into a pastey substance 
;'~"I III""I1""",I,:~ 1111' l:lIIlIlC(!S for mercury to be carried away. 
11'1'" 111'1""111,111111" :11'0 Lnkllll 011 the Robinson Deep Mine and the 

"Y:lllleI"I:dl :II'C' 1I1I11'f1111,lntl by mercury in their plant. Special 
, 1'1""""'01;11.':" fir tllhl Hociety, Vol. IlL, pp. 329-335. 
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tests have been made to discover whether mercury did leave the· 
mill, but after three weeks' testing the cyanide manager 
found none. 

As a millman I cannot allow Mr Tavener to say that millmen are 
urged on and pitted one against the other to smash as big a 
tonnage as possible without considering the effect on gold extrac
tion. Within the last year, by using finer screening, we have 
brought down our stamp duty from 5·5 tons to 5 tons, because 
with the finer screening the pulp is in a better condition to be 
handled by the cyanide staff. I may mention that by so doing we 
have slightly increased the extraction in the mill. 

Mr Tavener will be interested to learn that we do arrange so as 
to get a regular average weight in stamps, though we do not use 
counter weights. We have ten stamps in each hundred with :30-in. 
heads, while the others have only 24-in. heads. When a shoe on 
the 24-in. head is worn down to a certain lcngth it is transferred to 
a 30-in. head, so that the weight is kept fairly constant. Besides, 
all the shoes of the mill are not renewed at the same time. About 
65 new shoes are used every month, so that the whole mill is gone 
through about every three months. 

Mr A. MeA. Johnston-In regard to the slimes plant erected at 
the Van Ryn Gold Mines Estate, Ltd., it may interest you to 
know that I have had a letter from Mr E. T. Rand, Virginia City, 
Nevada, who says that he is very well pleased with the results 
obtained from a plant erected there on the same lines as indicated 
in his paper read before the Society in May, ] 899.1 

DISCUSSION AT THE JANUARY MEETING, 1904 

Mr W. Bradford-In his very comprehensive paper :M:r H. S. 
Denny devotes some attention to sorting. He endeavours to 
show that after you have paid for stoping, tramming, hoisting and 
transporting to the crusher station, rock assaying 2 dwts., and 
worth 8s. 5d. per ton, it is a sound business proposition to throw 
this on the waste dump. 

I shall endeavour to prove that he is wrong. 
Much of the mining future of this country lies in the profitable 

treatment of low grade ores. It is our constant and strenuous 
effort as a Society to increase, be it by never so little, the per
centage of gold extractions on these p.elds, and to decrease the cost 
of trcatment. Happily, we have not laboured in vain. To-day our 
extractions are higher and our normal costs lower than ever before ;. 

1 See Proceedings, Vol. 11., pp. 686·691. 
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our milling and cyaniding costs compare favourably with any other 
country; and each decimal point gained is a long stride towards 
rendering payable the low grade reefs of the Rand. Mr Denny, in 
working out results, although all his conditions are assumed, has 
not adopted as a standard the best average results obtainable on 
the Hand, and for this reason his conclusion is, in my opinion, 
(listinctly retrogressive and misleading, and should not pass 
unchallenged. 

Lct me illustrate what I mean before taking up this discussion in 
(lotail. Mr Denny assumes an extraction, from all sources, of only 
t'O pcr cent. The actual average extraction won by the subsidiary 
(.ompanies of the Rand Mines, Ltd., for a period of 10 months 
hl.fol'o thc war was 90'796 per cent., and on Langlaagte Deep for 
li \ Il mouths it averaged 91'7 per cent. Eighty per cent. extraction 
i., q1lito high enough from waste, possibly too high, but why assume 
I () (101' ccnt. less than can be won, when considering all sources. 
i\:~aill, on page 120, he says it will cost to mill and cyanide 
11 Ii q :! (1 wts. waste six shillings per ton. Here is his detailed 
1·,l.illI:ltO with 100 stamps running, and following it, the actual 
I'II.,t~ at Langlaagte Deep, over six months, with only 80 stamps 
c1I'I)JlJlill;;. 

( "'IIHilill'" .', 
\ 1 ill ill,'; . 
( '1:lIliclill" ," 

MIt DENNY'S ESTIMATE 

Per ton milled. 

1I:IIIdlill,'; Nlilill:,1 

,\ I "I'I ,,\ I, COHTN, LAXGLAAGTE DEEP 

1 'or ton milled. 

\1111111,:', (111111111"" 1'IlI'l.illg, l'I'IlHhiug and transport 
I" II", Illill Ilill:,) . 

('1.:>11<1111.:; (illll'Il!I'" 1111IIIllillg' Hlimes and building 
I d 1,1111'-, d.lll[ ) 

11",1111'',- 1'1),.1 lei "III'I,ill,'; to ],01l(]01' result comparable 
1111.11 ,\11' I )1:1l11y':1 IlHiimato. . . 

s. 

s. d. 
o 6 
2 6 
2 6 
o 6 

6 0 

d. 

2 5'82 

2 6'38 
----

5 0'20 

0 4'20 
----

4 8'00 
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That is to say what Mr Denny estimates will cost6s., I have 
been doing right along for 4s. 8d. 

That is not a great difference, per se, but in the total magnitude 
of its results, it suffices to prove that Mr Denny is in error when 
he concludes that 2 dwt. waste cannot be profitably treated once it 
has been landed in the crusher station. On page 120 he estimates 
the value of waste at S·4s., and the recovery at 6·7s., say, 6s. 8d. 
per ton. On that basis, which I agree is possible, and taking my 
costs, viz. 4s. Sd. per ton, we shall have a profit of, say, 2s. per ton 
of waste milled. Ml' Denny assumes a total available mine tonnage 
of 4,000,000 tons, and 20 per cent. sorting, which would give 
SOO,OOO tons of 2 dwt. waste. He says the margin of profit.on 
treating this (page 120) would not cover depreciation and loss of 
water, etc., but 2s. per ton profit on 800,000 tons is £80,000. Is 
not that worth saving ~ Without sorting, he estimates mining "at 
lOs. 6d. per ton, and adds 3s. for mine development redemption, 
making 13s. 6d., which has been spent on this waste when it 
arrives at the crushers. Suppose it carried just enough gold to 
pay this, and leave 6s. Sd. for other costs, allowing SO per cent. 
extraction. That is to say, 20s. 2d. would be SO per cent. of the 
assay value of the ore at surface, making that value 25s. 2d. This 
would be unpayable on his estimate. But 90 per cent. extraction 
would yield 22s. 7d., and mines are to-day working here for less 
than 20s., including development. 

Mr Denny, on page 120, argues that the treatment of waste 
prevents the treatment of more profitable ore. It unquestionably 
does prevent such treatment with the same identical stamps, but 
if, under normal labour conditions, that waste can be milled and 
cyanided at a profit sufficient to pay interest on the extra capital 
expenditure involved, then the solution of the problem is to erect 
more stamps instead of throwing £80,000 profit on to the waste 
dump. 

Moreover, there are existent to-day abnormal conditions under 
which it may pay to abandon sorting, however low the waste value, 
in order to utilise in productive work underground, the labour thus 
released from the sorting stations. 

With these preliminary remarks, I will proceed to the formal 
discussion of that portion of Mr Denny's paper which relates to 
sorting. On pages 118-124, he compares sorting and non-sorting 
under two sets of conditions, which I shall designate as Case A and 
Case .. B. In Case A, he assumes sufficient labour and compares the 
.systems on the basis of an equal number of stamps running; and, 
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in Case B, he assumes insufficient labour, and compares them on 
the basis of milling the same tonnage when non-sorting, that is 
mined when sorting. 

I shall discuss his remarks under two general heads. 
Case 1.-When labour is insufficient, and stamps are idle. 
Case 2.-When labour is obtainable to operate whatever plant 

Jllay be installed. 
There are certain limiting factors in ore sorting which must 

cnter into the consideration of the,problem under any set of con
ditions. These are physical and economic, and may be defined as 
('[lpital expenditure, working costs, gold content of reef and of waste, 
:Ietnal recovery percentage, life of the mine, and the productivity of 
lalumr. In comparing the profits to accrue from different methods, 
1 ho ultimate test is the present worth, less capital expenditure. I 
,linll deal with Mr Denny's second Case, B, first, because it is 
lilllit(!d to abnormal conditions and falls under my Case No.1, 
II lil'fe labour is insufficient, and stamps are idle. 

C.\SE I.-In this case, presented on page 123, Mr Denny 
h,llill(!S a mill of 100 stamps, with sorting plant having a duty 
"I' :J tons pCI' stamp, and only sufficient labour to mine 500 tons 
d:lily j :.!ii per cent. sorting, value of untreated ore 14 dwts., value 
"I' waNt!! :.! dwts., and 80 per cent. extraction from all sources, 
:11111 WIIl'inl out rcsults for each system, showing a trifling profit 
1111' 111111 NII)'iing. The comparison, however, is not a fair one, 
1""':111 ·1' :dlllllllgh he assumes a labour shortage he makes no allow
,1111'" 11111'11 lIoll.sorting for utilising the labour which will be released 
t 111111 1111' ,,(,,'iing station. Under the conditions postulated, where 
till' Illill 11:1:: ollly a capacity of 500 tons, and where that is the 
t IIIIII:I.~',(' (" illl!d ill sorting there is, of course, no possibility of putting 
IIIIIIII.'~II 11111"1\ or'O when not sorting, so that although short of labour, 
II I",,, I,,· .1 "1':: ,'<orting the sorting force would have to be discharged. 
II II,' 11:,,1 :I .111111!d n largcr mill, say, 120 stamps, and the same 
1"1111.1"." IIIill,·d "~ wlll!ll sorting hc could then have put his sorting 
I"." ,1"\\11 II", IIII1I1!:lIldgot something out of them. NowIclaim 
111.11 \\ 1II1 III ,"lli,·il'll1. JahouI' anll idle stamps as at present, it may 
I':I.\' I" ",," ""'1, ('VI'II ir 1110 wastc is of very low value, because· not 
(1,,1.1' ", II", ~"d, "I' ;'111'1 illg Haved, but the labour required for i~ can 
I,,· III ill,,'d 1/1 1"'IIIIIII·ill,'; l'IHllIgh tOllS of payable ore to make good 
.111\' I" "" 1111' 1\;1,1", :lIlflllLill yicltl a good profit. The demon
,,11:111'"1 "I t Iii·, ,," I'jl'I'1. i,; I'ital to the question, but I cannot work 
II '"11 ,," \II' I )I!)IIIY',; li:~III'(!N, bccause they do not supply the 
11,'1"'- 'II", d;,j;l. I "dlall, UlIJl'cfol'e, submit a comparison of sorting 
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202 Denny: Metaffurgical Practice [JAN. 1904 

and non-sorting under the conditions in question, viz. shortage of 
labour and idle stamps, based upon actual sorting results obtained 
at Langlaagte Deep over a period of six months. But while retain
ing my own costs, percentage sortage, and labour conditions, I shall 
substitute Mr Denny's value of unsorted ore, viz. 14 dwts., his 
waste value 2 dwts., and his recovery percentage, viz., SO per cent. 
The recovery value in sorting will be less than his estimate, 
because I sorted only 14'6 per cent. against his estimated 25 per 
cent., but the ratio of the comparison will not be affected, and more
mines sort 14 than 25 per cent. The respective recoveries will 
now be: Value of ore 16'0~ dwts., SO per cent. of which = 

12'S dwts. = 53·76s.; value unsorted, 14 dwts. SO per cent. of which 
= 11'20 dwts. = 47 ·04s. Following would have been the actual 
results for the six months with sorting on the above lines :-

SORTING RESULTS 

Tons mined during six months 75,329 
Tons sorted 11,000 

" milled 64,329 
" developed 54,000 

Shortage in development. 21,329 
Total gold won 41,170 fine oz. 
Working costs for six months (includes 

Head Office and development) . £79,084 
Add Mr Denny's estimate of 4s. per ton 

for mine development, redemption for 
21,329 tons, which is the difference be-
tween tons mined and tons developed. 4,266 

Profit over six months 

£172,916: 

S3,35(} 

£S9,566 

During the six months in question 6609 kaffir shifts and 151 
white shifts were worked on sorting and handling waste, an average
of 1 white and 43 kaffir shifts daily. 

The total cost of sorting was £1119, made up of kaffir labour, 
£504; white labour, power, water, tramming and maintenance, £615_ 

N ON-SOItTING RESULTS 

If sorting had been stopped, the labour there employed would 
either have been discharged and the pay roll reduced, or it would 
have been put on productive work. Suppose part of it utilised 
underground to mine and develop more ore, and the remainder on 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



JAN. 1904] Mining Costs and Non-Sorting 203 

the cyanide plant to handle the increased tonnage. Three more 
machines would have been run to break rock for these extra boys 
to handle, and to develop as much ore as they broke. These 
machines would have taken 12 boys; allow 8 for the cyanide dump
and 3 off sick, leaving 20 for the mine. The same force of tram 
boys would have handled the small extra tonnage, so that the 20-
would have been available for shovelling. My shovel boys have 
averaged up to 2~ tons per boy, but as some of the boys are small, 
I take the output of It tons per boy. At this rate the 20 shovellers 
would have given us 30 tons daily, or in the six months (151 work
ing days) 4530 tons, say, in round numbers, 4500 extra tons for 
the mill. The average dip of our stopes is 33 deg. In steeper 
stopcs the output would be more, and in flatter stopes perhaps a 
little less, 

The cxtra tonnage for the mill with non-sorting would thus be 
for the six months, 11,000 tons of waste sorted out, plus the 4500 
extra tons mined, a total of 15,500 tons. The extra 4500 tons 
would have been mined for a less cost per ton than the 64,329 tons 
actually min cd, and, together with the 11,000 tons of waste sorted 
oui, would have been milled and cyanided for less per ton thaN 
tho tonnagc actually treated, because all sorting costs would 
h:lvll lH:oll saycd, an!l ill addition, in each department certain 
i1.I'III:: Ilf IL\,Jlcnditllrc would not have been at all increased, as, for 
1'\:llllpll" PlllllJlillgand gcncral and head office charges. The detail 
"I' Uti:; ,'::1.illlaie, which is arrived at by the process of elimination. 
i,; :r -; r, tlIII1V0 : 

II ,-",I I II III ill!: 7ii,:I:!D tons 
I II,d 111:1. IIIII:H: iimliH which would not in-

1'1'1';1:;11 with tho incrcascd tonnage:-

(:lIllllI'al l'IIH1.:: £:3,062 
2,095 

em:L of ltlilliltg" 
Ico::H above itcmH 

TlwlI 
CWlt of mining 4,500 cxtra tons at 12s. 9·74d. 
Alltl 75,329 

Total cost 79,829 tOllS 

Per ton mined. 
£53,411 = 14s. 2·17d. 

5,157 

£48,254= 12s. 9·74d. 

£2,882 
53,411 

£56,293 = 14s. 1 ·25d. 

The cxtra 15,500 tons available with non-sorting could have been 
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204 Denny: Metallurgical Practice [JAN. 1904 

milled with no extra cost for general charges, mill labour; and 
retorting and assaying, while sorting costs would be wholly cut oft'. 

Per ton . 

It cost to mill 64,329 tons .£7,993 = 2s. 5·82d. 
Deduct those items which would not increase 

with increased tonnage :

General costs . 
Mill labour 

£300 
1,128 

234 Retorting and assaying 
Sorting 1,119 £2,781 

Cost of milling less the above items £5,212 = Is. 7·44d. 

Then 
Cost of milling 15,500 extra tons at 
Add " 64,329 tons 

Is. 7·44d. =£'1,255 
£7,993 

Less all sorting 
costs 1,119 

6,874 

Cost of milling 79,829 tons £8,129 = 2s. 0·44d. 

The cost of cyaniding each product-sands, concentrates and 
slimes-might be worked out on the basis of the tonnage of each 
treated, but, as our extractions and the percentage of slimes pro
duced, remain practically the same, sorting or non-sorting, I assume 
that, for the purpose of this estimate, the average cost of cyaniding 
per ton milled is sufficiently exact. 

It cost to cyanide with 64,329 tons milled . 
Deduct those items which would not in

crease with the increasep tonnage :-
White labour £1,398 
Black labour (leaching and pre-

cipitating) 216 
Smelting and assaying 582 

Cost of cyaniding less above items 

Then 

Per ton milled. 
£8,143=2s.6·38d. 

2,196 

£5,947 = Is. 10·187d. 

Cost of cyaniding 15,500 extra tons at 1s.10·187d. £1,433 
Add " 64,329 tons 8,143 

'Total cost 79,829 tons. £9,576 = 2s. 4·79d. 
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General expenses and head office costs would not have been at 
all altered by the increased tonnage, and hence may be considered 
together, thus :-

General and R.O. Expenses, sorting and milling 64,329 tons = 
£9,731 =per ton milled 3s. 0·30d. 

General and R. O. Expenses, non-sorting and milling 79,829 tons = 
£9,731 =per ton milled 2s. 5·255d. . 

With these preliminaries, I come now to the results of non
sorting, I shall show first the profit resulting from the direct treat
ment of waste which would have been sorted out, and then this 
profit together with that accruing from the increased tonnage 
mined. 

DIRECT RESULTS FRO~f TREATMENT OF vV ASTE 

The gold contents of 11,000 tons of waste at 2 dwts. = 1100 
fine ozs. 

Taking Mr, Denny's estimated recovery, viz. 80 per cent. 
gold recoverable in 11,000 tons waste, 880 ozs. 

AIIII cost of sorting waste during 6 months 

Toial value of gold won from waste, plus wages saved 

I)," hId working costs as under :-

:\1 illillg 11,000 tons waste at Is. 7·44d. . .£891 
(:,Y:tlli.dillg 11,000 tons waste at Is. 10·187d .. 1,017 

I )ill"""III~O direct profit on treatment of 11,000 tons of 

then the 
£3,696 

1,119 

£4,815 

1,908 

II ;I>;Lo worth 2 dwts. £2,907 

1:1':SllltfH FHOllI INCREASED MINE TONNAGE 

'1'111' l,tI;,1 t.'~llllage available for the mill without sorting, and 
11111'11 1111: "'llI'll11g ilLaiion labour is utilised in productive work 
11II""":~I·IIIII"I, iN 7!J,H:lD tOllS, worth 47·04s. . £187757 , 
\\ 1"'I,i,,,:~ "11,1:; woul,l he-

Ii "1"" 11'0 IIlId,illg I!OHt for 64,329 tons 
L",'i,e; ;;111'1 iii:: 1!()HiH 

£79,282 
1,119 

£7~,163 
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206 Denny: Metallurgical Practice 

Plus cost of mining 4500 tons . . £2,882 
Plus cost of milling and cyaniding these 4500 

tons and 11,000 tons of waste = 15,500 tons 2,688 
Plus Mr Denny's allowance for shortage III 

mine development, viz. 21,329 tons at 3s. 3,199 

Making total costs for 79,829 tons 

'Total profit for 6 months with non.sorting 
'Total profit for 6 months with sorting 

Difference in favour of non-sorting 
Deduct from this total the profit resulting 

directly from the treatment of waste, viz. 

and the difference 

[JAN. 1904 

£86,932 

£100,825 
88,566 

£12,259 

2,907 

£9,352 

will be the profit due to utilising, in productive work underground, 
the labour released from sorting. 

The gold recoverable from waste might be disregarded, and still 
leave a substantial gain, so that I say that 1\1r Denny's conclusion 
on page 124 is wrong j and that with idle stamps and a labour 
.shortage, it pays to stop sorting, especially on a rich mine, 
provided the released labour is utilised. 

It remains to consider Mr Denny's other Case (A), which falls 
under my Case 2, where labour is assumed available to run any 
plant .that may be installed. Here we have the crucial test of the 
two systems. Oil page 118 Mr Denny says that he proposes to take 
a case representative of the majority of mines on the Rand, and 
·deal with it on a sorting and non-sorting basis. 

He then assumes the following factors :-

(1) 100 stamps with sorting plant. 
(2) Duty per stamp, 5 tons per 24 hours. 
(3) Tonnage available, 4,000,000 tons. 
(4) Value of ore unsorted, 12 dwts. 
(5) Value of waste, 2 dwts. 
(6) Percentage sorted, 20 per cent. 
(7) Percentage of recovery from all sources, 80 per cent. 
(8) Tons mined per month with sorting 18,750 j without sorting, 

15,000. 
{9) Tons milled per month with sorting, 15,000 j without sorting, 

15,000. 
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(10) Recovery won, Costs and Profits-
Sorting. Non·sorting. 

Recovery. 48s. 40s. 3'8d 

Costs 28s. 10td. 24s. 

Profits 19s. ltd. 16s. 3d. 

(11) Life of mine 17'7 years 22'2 years 

(12) Profit over life of mine £3,060,000 £3,200,000 

(13) Present worth of this profit £1,290,585 £1,083,520 

Mr Denny does not give any figures for capital expenditure, and 
for the purpose of this discussion I shall adopt Major Seymour's 
estimate given before the Industrial Commission (see Report, page 
15), viz. £4280 per stamp for 100 stamp plant, which includes all 
development. This gives a total for 100 stamps of £428,000, of 
which the sorting plant would absorb, say, £15,000. 

It would be incorrect to say that Mr Denny does not as he 
proposes compare non-sorting with sorting. He does make a 
comparison, but only under one set of conditions, viz. with an 
oqualnumher of stamps running, or, what is the same thing, equal 
tOllnage milled. This is the most unfavourable condition possible 
for uOll-sorting, and one under which no competent engineer would 
clroalll of advocating the system unless there was practically no 
wa:ILn to sort. It is axiomatic that with equal stamps running and 
1V:I,~I,n :lL 2 dwts, it will pay to sort. In any comparison of 
1I11:1,:dllll'ginal processes, it is not enough to consider them from one 
poi"L olll'y. Tlwy should be studied and compared, not only on a 
"11""1111" h:I,HiH, but every common basis, and herein Mr Denny fails, 
1,,"';111." II i·, I'0lII pal'iHoIls are not broad enough to be fair. With your 
1'I'I'IIIi.ill" I will acId to them certain others which he has omitted. 

I "d"I' ('''->11 :l, vi¥.. when it is postulated that labour is available 
I" "1"'1;11,' "",Y pl:lnL il1Htallecl, I shall compare non-sorting with 
"'IIII.~~, 1111111'1' 1111' following (Ionclitions:-

( I) :-';"11 i ": ~ 1",,"11.·;. 

\"" .. ,,11 iw~ I·,',,,IL: 

.~) C I" 1'.11. "I "'1,,:[1 IIlll"b(!r ()f stamps running. 

::) (I" 1,:[ I.' "I "'1";11 ",lpil:J! cxpcnditure, but with cost of sorting 
I,ll i"" 1'"1. i"III ,'\11':1, "tamps. 

III II" I,,,i. III' IIlilli,,:; :4:11110 tonnage non-sorting as is mined 
11111'11 111'1 i II.";, C'" pil:t.! I!xpulllliture being increased to erect the 
III',.,. ;11'.1' .I:II"P:, 
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(5) On basis of same unskilled labour force employed as in sort
ing, but where the labour released from the sorting station 
is utilised chiefly in productive work underground. 

(1) The sorting results for this comparison are given by Mr 
Denny on page 120 as follows :-

Tons mined per year 
Tons milled. 
Yearly profit at 19s. ltd. per ton 
Life of mine 
Capital expenditure not being given by Mr Denny 

is assumed at 

225,000 
. 180,000 
£172,125 

17'7 yrs. 

£428,000. 

(2) The non·sorting results for sub. (2), when the same number 
of stamps are running as with sorting, viz. 100, are also given by 
Mr Denny, as follows :-

Tons mined and milled per year 
Yearly profit at 16·32s. per ton 
Life of mine 
Capital expenditure, in absence of data, is again 

assumed at £428,000, less £15,000 for sorting 
plant 

180,000 
£146,880 

22'2 yrs. 

£413,000 

(3) On the basis of the same capital expenditure as in sorting, 
but with the cost of sorting station put into extra stamps, the 
capital I have assumed, viz. £428,000, would erect, say, 110 stamps, 
to fee~ which we should have to mine 198,000 tons yearly, or 
27,000 tons less than with 100 stamps sorting 20 per cent. This 
means reduced labour force and pay roll. vV orking costs would be 
the cost per ton mined. For 100 stamps sorting Mr Denny has 
taken 24s. costs; with 10 more stamps the costs would be slightly 
reduced, say, 3d. per ton, and we should have-

Tons mined and milled per year 
Yearly profit at 16·57s. per ton 
Life of mine . 
Capital expenditure . 

198,000 
£164,043 

20'2 years. 
£428,000 

(4) On the basis of the same tonnage milled when non·sorting, as 
is mined when sorting, capital expenditure being increased to erect 
the extra stamps. Here we should require 125 stamps, necessitat· 
ing a capital outlay of £460,000, to feed which we should have to 
mine 225,000 tons yearly. Mr Denny (page 120) puts costs under 

, ' 
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these conditions at 22s. The labour force would be again reduced, 
and, accepting that figure as correct, we sh9uld have-

Tons mined and milled per year 225,000 
Yearly profit at 18s. per ton £202,500 
Life of mine. 17'7 years. 
Capital expenditure . £460,000 

(5) On basis of the same unskilled labour force as is employed 
when sorting, but with labour from the sorting station utilised pro
ductively underground. On page 203 I showed that the increase 
in tonnage mined, with boys transferred from the sorting floors, 
would be about ] ~ tons per boy, or 30 tons daily. I will take this 
at 25 tons, or enough to run 5 more stamps, making 130 in all. 

The capital expenditure necessary for these 130 stamps we may 
takc at ,£471,000, and we should have to mine for them 234,000 
tOllS yearly. 'With costs as in sub. 4, viz., 22s., we should have:-

Tons mincd and milled per year 234,000 
Yearly profit at 18s. . ,£210,600 
Life of minc . 17'09 years. 
(:apital expcnditure . £471,000 

\\'0 have HOW hefore us the yearly profit, life of mine, and 
1':1 pib 1 I'Xpllllllitnre under each set of conditions postulated in 

'1'111' 1lllilll:I1,n 11!;;t~ of profits is their present worth, less capital 
"\I"lldillll"'. 1.1!1. Wi apply this test to the several profits given 
,,1111\ ", 'I'lli. illl'I\IIII!~ Hub. 1 and 2, Case 2, elaborated by Mr Denny 
1""';(11'"" "IIIIIIII,~~II lio lI:ttl givcn the present worth for each, his 
1111'111111:1 rlIII!:: lilli, IlpJloar, nor has he given figures for capital 
1'\llI'lirlil,,"'O. If 1,110 I'Otmlts obtained under each set of conditions 
PII,'IIII:I.I ,'rI .ill (::I:HI :l ar'o Lreatcd .on the same lines in the comparison, 
LlII' 1':11 III III II,n 1"'I!:lInl1, worth gIvcn below will not be affected. 

Till' 1'111'111111", III!I'I: IIdopLoII in working out the present worth less 
""pil,,1 1"llIllIlIillll'I', iH IIH follows:- ' 

1 
1 - (1 +d)L 

A d--- -C 
11'111'1'0 

A Annual net profit. 
U : Capital expenditure. 
Ii . Hatc of dividends per year 

, 100 
L = Life of mine in years. 
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From this we get the following comparative table:-

Yearly Present worth. Capital Present worth 
Sub. Life of )line. Total Profit. less Capital Profit. of Profit. Expenditure. Expenditure. 
- -----------------------

£ £ £ £ £ 
(1) 172,125 17 ·70 years. 3,046,613 1,988,000 428,000 1,560,000 
(2) 146,880 22·20 

" 
3,260,736 1,943,000 413,000 1,530,000 

(3) 164,043 20·20 
" 

3,313,669 2,057,000 428,000 1,629,000 
(4) 202,500 17·70 

" 
3,584,250 2,339,000 460,000 1,879,000 

(5) 210,600 17·09 
" 

3,599,154 2,380,000 471,000 1,909,000 

Comparing these results we find that with sorting (1) the 
present worth, less capital, is £30,000 greater than with non
sorting (2), when an equal number of stamps are run in each 
case; but it is £69,000 less than with non-sorting on basis of 
equal capital expenditure (3); £319,000 less than with non-sorting 
on basis of milling the same tonnage non-sorting that is mined in 
sorting (4); and, finally, that on the basis of the same labour 
force, but with sorting labour utilised productively underground, 
the difference in favour of non-sorting reaches the respectable total 
of £349,000. 

Mr Denny argues finally that an increase in the mill, when 
sorting, would show reduced costs, and thus increase the favour
able aspect of sorting_ I might reply that a further increase in the 
mill to the amount of the money put into the sorting station 
would show the same comparative results given above. But such 
.an argument is like the brook-it goes on for ever. The answer 
to it is that there is a limit to safe capital expenditure, beyond 
which directors will not go, and when that limit is reached, it 
becomes simply a problem for the engineer as to how he can best 
spend the amount at his disposal so as to yield the largcst possible 
profit over the life of the mine. It does not necessarily follow that 
he will attain this end by striving for the highest possible penny
weight value per ton milled. Viewed from that broad standpoint, 
when waste is worth 2 dwts., and when the productivity of labour 
is considered, the answer may not be in favour of sorting. (NOTE. 
-The present worth of profits is figured at 5 per cent. The 
working costs given for non-sorting includes in all cases mainten
ance of plant.) 

DIS9USSION AND REPLY AT APRIL MEETING, 1904 

Mr J. R. Williams-Before Mr Denny makes his reply, I should 
like to make a small explanation on. my criticism of his paper. It 
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is this. With regard to the three groups of mines who are 
notoriously backward in Rand practice, I mentioned distinctly the 
Easter Rand Proprietary and the Robinson Groups, besides the 
General Mining and Finance Corporation, Ltd. By the Robinson 
Group, of course, I had in my mind those mines nearer town. I 
did not intend to include the Randfontein Group, which are quite 
different. 

Mr H. S. Denny-In July last, when I presented my "Obser
vations on the Metallurgical Practice of the Witwatersrand," I 
took occasion to remark in my conclusion that I had laid myself 
open to severe treatment at the hands of my critics, but I did not 
realise at the time that I was to be honoured with such exhaustive 
attention as the "proceedings of the Society chronicle." 

The reputation that this Society has justly earned for vigorous 
and pertinent discussions on all matters brought before it fore
warns the timorous author, and prepares him in some manner for 
tho mangling process that inevitably ensues; but anticipations in 
this respect appear to me to fall at times somewhat short of the 
aetnal realization. In my case, at least, whatever my expectations 
might have been, I can fairly lay claim to having experienced most 
of tho opcrations of the mangling process, and if these be con
dlll:ivo to plcasurc, thcn I must indeed be pleased. 

III JIIy roplicH to thc many points that have been raised in 
ITil i"i-;1I1 of my papcr, I propose to deal with each member's 
1'1'111:11''':; ill iho (mlor in which they appear in the "Society's 
III'III'I'I:dillg:;," :1,j,OVO Hpccificd, heginning with Mr Torrente. I 
11:1.1'1' 1,11 1,11:I,lIJ, M I' Torronte for his reference to my paper, but 
11111'11 1111 ~:r.y~ tlla1, :L (:ontribution of such magnitude is not capable 
III IlI'illg di~(llIHH(:d, lm1, should rather be kept as a work of 
11'1"1'1'111:0, I (::II11tlll, fl1litc comc into agrcement with him. I should 
I i I, I' 1" fli (1, jf, to .\11- Torrentc that, supposing eight different 
111I'1I1111'I'S 11:ld (:IIIlf,I·jbu(,(\(1 the papcr-onc for each section-would 
110 1,""11 1IiI'V." illHiHiml that only one, or pcrhaps two of the sections, 
'''I~II'': I 1~" dIH(:nHH(Hl, :1II(1 thc others thrown out; or, assuming that 
1,"1:: :-l'H: l oly llad il'ohlo thc numhcr of its present members, and say 
11'1,'0111 ~,110 11ll11lj,~\r o~ papcl'S; should we have to ignore 50 per 
""IlL. III illo (!olltnl)\\ilOlIs! 

I ';0 ~loi profcss to hc. well acquainted with the regulations of 
1 "". :-;"'!lCJiy, bu~ I do bchcve that one of its aims is to ventilate 
',I:; h~ lly as posslhlo all poin.ts bearing on the subjects indicated by 
11,; ilt10, aIHI to cllcouragc Its members to submit their ideas freely 
'" I :!ll Hlloh mattcrs. Personally, whether a paper be brief or 
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exhaustive, I should be inclined to judge it on the matter it 
contained and not by the number of its pages. 

I make these remarks as I should be sorry to think that Mr 
Torrente's criticism should deter any other member from dealing 
fully with any subject of interest to the Society. 

Mr Crosse remarks that each section of my paper should be dis
cussed separately, but as I can find no record of his having touched 
upon any of the many technical points raised, I fail to see in what 
direction such a step would have benefited him, and I can only refer 
him to my reply to Mr Torrente. 

Mr J. R. 'Williams bogins, under the heading of "Sorting," by 
taking exception to my use of an all round figure of 80 per cent. 
extraction from all sources. He does not say that he objects 
because such a figure affects the comparison which I am trying to 
make, but he takes it on the specific ground that 80 per cent. is 
too Iowa figure, and one likely, therefore, to be misleading. He 
admits that later, in dealing with extraction by the cyanide process, 
I take a higher and correct figure, and he would have me take 
something nearer 90 per cent. in the comparison of sorting versus 
non-sorting. I venture to state, however, that for the purposes of 
this comparison it would have been surely misleading to base it on 
a 90 per cont. extraction, as my figures are drawn to deal generally 
with the averages· of the majority of the mines, and this majority 
does not treat its slimes, and certainly does not average 90 per 
cent. extraction. 

In proof of this statement, I need only point out that in 1899, 
out of 73 producing mines only 22 were treating slimes, whilst 
to-day, if all the companies with milling equipment were running, 
the disproportion would still be very great. 

The. following statement shows approximately the relative 
extraction as between the treatment and non-treatment of slimes 
on a basis of 100 tons of ore giving a 10 dwt. value at the screen:-

NON-TREATMENT OF SLIMES 

Extraction by amalgamation, 5 dwts. . 
Extraction from sands :-

.=5,00 dwts. 
( 

Assume (1) 75 tons of sands treated 
dwts.-= 5'3 dwts. per ton. 

carrying 400 

(2) 80 per cent. extraction 

Total 
= 82 per cent. extraction. 

Recovery by amalgamation, 63 per cent. 

. = 320 dwts. 

820 dwts. 
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TREATING SLIMES 

By amalgamation as above 
" Sands treatment 
" Slimes treatment :-

. =500 dwts. 

.=320 " 

25 tons at 4 dwts. and carrying 108 dwts. allowing 
80 per cent. extraction . = 80 

" 
Total 900 dwts. 

= 90 per cent. extraction. 

Naturally, the relative extraction by the three processes would 
vary considerably according to the particular mine from which the 
ore was taken. I have based the figures on a recovery by 
amalgamation of from 60 per cent. to 66 per cent., independent of 
rceovery from slimes. In both cases allowance must be made 
for losses in retorting, smelting and the handling of zinc slimes. 

rt is clear that in the foregoing comparison there is much to be 
gaineel in percentage extraction by the treatment of slimes. The 
'1lloHtioll is, however, to gain that increased extraction in a plant 
that gives low initial outlay and low working costs. This point I 
Loueh upon in my original paper. The point, however, which I 
WiHh to emphasize is that my figures are taken to represent more 
Ille~ .'~olloral than the individual aspect, and I do not think it correct 
I II 1 ;ilw oitlicr the best or worst returns from the producing mines, 
IJlI1.,III[II:Lhing mielway that can be used as a framework on which 
I" 1'1aldUI any variation, but not one that necessarily applies in 
I [,II'I il'lll:! I' lA, OVOl',y ease. I thereforc think Mr Williams is 
1'11111'1,1.1' \11'llllg iu :mggosting that I should have taken 90 per cent. 
,.,,1111'1' I h:111 :111 HI) por e~ollt. basis for my sorting comparisons. 

'I'" illll,II':ill~, howe:vor, what bearing 70 per cent., 80 per cent. 
:11111 :111 111'1' 1'1'111. 1"j,I':ldjOIl woulel have on the above comparison of 
:"1'1 ill,~~ :11111 111111 "lid ill,";, I ,mbmit the following statement, which 

11"11 . iiI. [ I IIII' II i~;III'I' tile: pOI'IJentage extraction the more favourable 
1""''',,1<'', IIII' 1':1:,,, fill' ::llI't.illg': . 

;\; ON·SOItTI;oW 
! I) /11 111'1' 1'1' lit. 1,;,1'1':11:1 iou. 

\\ ,,['I,ill,,~ l'lhh . 
\ :iI" [' 
I,;" I [',II'I illil 
1'l'Iilil. 

1'1'1 ilil 1111 I,O()O,OOO tom: '., .£2,200,000. 

24s. per ton 
50s. 
35s. 
lIs. 

" 
" 
" 

1'1'1"1'111, V:i1111l of that amount at 5 per cent. c,i. over 22'2 years-
1.:'i:,J ,:[:.'(), 
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(2) 90 per cent. Extraction. 
Working costs 
Value 
Extraction 
Profit 

Profit on 4,000,000 tons = £4,200,000. 

24s. per ton 
50s. " 
45s. 
21s. " 

" 

Present value of that amount at 5 per cent. c.i. over 22'2 years. 
-£1,434,720. 

SORTING 

(1)70 per cent. Extraction. 
Working costs 
Value 
Extraction 
Profit 

28s. 10td. per ton 
60s. 

" 42s. 
" 13s. lid. 
" 

Profit on 3,200,000 tons = £2,100,000. 
Pr~sent value of that amount at 5 per cent. c.i. 

-£885,675. 
over 17'7 years. 

(2) 90 per cent. Extraction. 
Working costs 
Value 

28s. IOid. per ton 

Extraction 
Profit 

Profit on 3,200,000 tons = £4,020,000. 

60s. 
54s. 
25s. I1-d. 

" 
" 
" 

Present value of that amount at 5 per cent. c.i. over 17·7 years. 
-£1,695,435. 

The figures for 80 per cent. on the above basis are given in my 
paper. 

Summarised we have the following :-

PROFITS.-N ON-SORTING 

(1) 70 per cent. Extraction £751,520 
(2) 80" ,,1,083,520 
(3) 90" ,,1,434,720 

SORTING 20 PER CENT 

(1) 70 per cent. Extraction £885,675 
(2) 80" ,,1,290,585 
(3) 90" ,,1,695,435 

DIFFERENCES IN FAVOUR OF SORTING , 
(1) 70 per cent. Extraction £134,155 
(2) 80" " 207,065 
(3)90" " 260,175 
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MILLING 

Under this head Mr Williams states that there is every special 
differentiation of feature in the Witwatersrand ores, from the 
Hobinson to the Heriot, necessary to warrant extraordinary varia
tion in the mesh of mill screening, and he cites as an instance the 
Ferreira Deep, where, after many experiments, 1000 mesh has 
been finally adopted as the most suitable. I feel quite certain that 
in the case under notice, with the assistance of a simple classifier, 
after the mill pulp has passed over the plates, and fine grinding 
and cyaniding of the heavier product, the necessity for reducing to 
1000 mesh in the mill could be avoided, whilst simultaneously the 
mill capacity would be largely increased, and the total extraction 
quite as high, if not higher. 

~Ir Williams says the gold was found to be encased, and that fo,r 
this reason the finer mesh was employed. At the Meyer and 
Charlton the same difficulty was met with, and it was remedied by 
putting in a few settling boxes, the heavy product from which was 
subjected to cyanide treatment for twice or three times the period 
adoptcd for sands, and with very satisfactory results. Fine grind
ing woul(l, doubtless, improve these results, and this step will be 
takcn evcntually. From the many investigations made by me 
illio the condition of Central Rand residues, I think the case Mr 
\\' illi:tllls citcs is one that favours classification or concentration 
1':ll1u'I' 1 han liner screcning in the mill, and I think he has confused 
1111: \ i l'l1U~H of tho two operations to the detriment of his results. Vve 
,,11;111 IIltly \'0 ill a position to definitely state what mesh the mill 
"IIIIIIIt! 1111 littuII with when we have determined the exact limitations 
III' TIIi\lill:~:tlllll';I'illllillg, and I regret that these two factors have not 
.1'111, \'UI:lI atil:urtaillClI, and therefore the point calls for further enquiry. 

To :\1 T' Willi:IiIIH' Iluery "May not finer crushing be One of the 
111~1~1:;;,:tl',\' variatiollS?" I say I think not. Fine grinding is what 
I pill llly faith to. I think, on the whole, that Mr 'Williams has 
l'at!wl' lIIisllndun;tood me, as between my statement of the physical 
variatiolls of thc orcs of the Witwatersrand and the necessity for a 
variatiull iII mesh from 400 to 600. I do not say that differences 
ill mcsh may not prove to be necessary, even when we have clearly 
definell 011 caeh particular mine the practical limitations of milling 
and finc grin,ling, but 1 do say that in view of our ignorance of 
thesc limitations to-day we cannot claim to have sufficient informa
tiOll on the point to determine definitely what the correct mesh 
H110ulll bc. For instance, Mr 'Williams uses, as before stated, a very 
line mesh at the Ferreira, but I think that in the light of further 
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knowledge on the virtues of milling and fine grinding it is more 
than possible, and even probable, that he will ultimately reduce it 
to something, say, from 200 to 400. I am quite certain that, even 
with fine grinding, the virtues of milling will vary as between a 
'Rhoodeport ore and, say, a Central Rand ore, but I am equally 
certain that we shall never find it necessary to make the mill the 
means of reducing to anything finer than a 400 mesh. 

On page 175, referring to the treatment of concentrates under the 
heading of "Milling," Mr Williams says: "This mode of treatment 
of concentrates was first brought to our notice in a paper read 
before the Society on an 'Australian Slimes Agitation Vat' by 
the late Mr F. C. Pengilly on December 18, 1897." 

If Mr Williams means-and he certainly implies it-that" this 
mode" is the method which I have so carefully worked on for the 
rapid treatment of concentrates, I must give him a most emphatic 
denial, and I refer those interested to the remarks made by Mr 
Pengilly on pages 180 and 182 of Volu~e II. of this Society's 
Transactions, and the figures which I give in the July Journal. 
It will be noticed that Mr Pengilly simply referred to the broad 
principles of fine grinding, with subsequent agitation, and he 
specifies a treatment of some 23 hours' duration. The apparatus 
he used, and the conditions and time of treatment, are in no way 
similar to the description and proposal made by the writer, I 
never for one moment claimed that the idea of fine-grinding con
centrates and treating them by cyanide was a new one. 'Yhat I 
have done is to collate all the evidence, both mechanical and 
metallurgical, available in regard to such a process, and by careful 
experiments on Witwatersrand ores to establish firstly the principle, 
and subsequently, detailed improvements in the working of it to 
enable us to apply it here in an improved form, and to the material 
benefit of our operations. 

In the detailed results of many interesting experiments on 
'Witwatersrand concentrates, sands and slimes, carried out carefully 
and over a long period on a scale considerably larger than any 
laboratory work, I do claim to have given the first complete set of 
figures bearing on the successful application of this principle to our 
ores, and although the flint mill for re-grinding is glibly spoken of 
as a matter of common knowledge, I know of no metallurgist on 
these fields who publicly advocated its use or submitted details of 
it prior to the figures given by me in July. The fact that the 
principle of fine grinding was recognised and referred to some 
years ago is substantially nothing. The important point is to 
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prove its advantages to ourselves, and in this respect I believe I 
have been in some measure successful. Weare more interested in 
what is being done in the way of actual work in the present than 
in references made in 1897, which were not turned to any practical 
advantage. To-day there is more than one flint mill actually 
erected on the Rand for the speciflc purpose of re-grinding classified 
products from the mill, and this is tangible evidence that the whole 
question of sliming by this means is to be put to practical proof at 
once, and I predict that in the next few years the flint or tube 
mill will be as well known as the stamp mill, but for the cause of 
this innovation we have surely to look nearer home than to 
references made in 1897. In all due modesty, I think I may fairly 
daim to have given some impetus to the movement. 

AMALGAMATION 

Under" Amalgamation" Mr Williams says that he would like 
Home figures to substantiate my statement regarding the percentage 
of extraction by amalgamation as from the vVest of the Witwaters
ran(l towards the East, and the following table, grouped into three 
HcctiOllS, will, I think, satisfy him on the point:-

MONTH OF AUGUST, 1903 
1<'I"{)}1l tho W cst going East to the Lang

I:':lgto E~tu.te 69'24 per cent. recovery. 
1"'11'" 1111~ L:llIgluagtc to the Geldenhuis 

~ 1 " i II I: I ~(~f . 
1.""11' 11", (:I'ld(~II)l11is :vraill Heef going 

63'76 
" " 

1';"-1 60'97" " 
II II", "1'1'111 I~)''y from Hlimcs plants be omitted from the calcula

I ilill II", 1"~"I~I~)ltagC rccovery by amalgamation would be in the 
," 1111' 1IIIIIIth : 
1"1'1111' (It II W(!st goillg East to the Lang-

1:lagLo EHtate . . . 70'35 per cent. recovery. 
1""0111 the Langlaagtc to the Geldenhuis 

Main Hecf . " 66'13 
1<'rOIll the Oeldenhuis Main Reef going " " 

East . . . . 63'34 
M " " : r. Williams becomes facetious on the lime question, and has 

(~vHlently .overlooked the fact that it is quite a nice point to decide 
whether hme should be fed in:-

1. The Mill Bins; 
2. The Feeders; or, 
3. The Launder to the Settlers. 
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I know of intelligent advocates of each one of these methods, 
whilst some combine two, or even the whole of them, depending 
upon the condition of the ore. He asks me whether I claim credit 
for the use of lime, but I fail to. see why, as I neither claim, nor 
implied claim. I notice that he, however, dealt with its advantages 
in a paper read in 1899, when it was common practice many years. 
before that. I apologise for a clerical error in the figures given 
for the amount of mercury used per ton of ore crushed, but I 
hardly expected to be taken up on it. I wonder if the figures had 
been 1·3 tons of mercury used whether I should have been called to· 
account. As a matter of fact, our losses to-day are nearer 0·075 
ozs., and there are instances to my knowledge quite as good as that 
given by Mr Williams on the Village Main Reef. 

On page 176 "Ylr Williams, in his confident way, says: "Mr
Denny again contradicts himself." Having dealt with the first 
so-called contradiction, I can only say that the second one -entirely 
bewilders me. I do not know whether Mr Williams refers to heavy 
loss owing to careless amalgamation, or to the extraction in the 
subsequent operations. I will assume, however, that he means the 
latter, and I should like to know what it contradicts. If it refers 
further again to sorting, then I have already remarked upon it. In 
any case, I find his method of putting it somewhat confusing. 

CONCENTRATION 

Mr Williams appears to think that the figures taken from the 
Robinson Deep-seeing that they represent such remarkably bad 
l'esults-cannot be considered in the question of spitzlutte work. 
I should like to hear what Mr Stubbs would have to say on this 
question. Mr Williams then proceeds to state the Rand Mines 
Subsidiary Companies obtain an extraction of not less than 85 per 
cent. from their spitzlutte product, but he does not give any figures 
in support of his statement, and I am curious to learn what the 
value of the charges amounts to, and what the residue is. 

On 5-oz charges 85 per cent. leaves a residue of 15 dwts., whilst 
on a 10-dwt. charge the residue is only 1~ dwts. To arrive 
at any real comparison we must know the actual percentages of the 
sulphurets in the product, be it from vanners, wilfley tables, 
spitzlutte or ordinary settling boxes. It may interest Mr Williams. 
to learn that vanner concentrates from the New Goch Mines, treated 
by the ordinary percolation method, only yielded, in a 30-days' 
treatment, something under 50 per cent. extraction. -When mixed 
with sands to represent something approaching a spitzlutte product, 
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the extraction improved slightly, but it was still far too low to 
make such a treatment at all profitable, and, although vanner' 
concentration and treatment of the product cost £6, 12s. per ton, 
the ultimate profit was higher than could be obtained by the 
ordinary percolation method. If each ton of Goch concentrates, 
assaying 5 ozs., had been mixed with four additional tons of sands, 
worth 2 dwts. pel' ton, the value of the whole would be 108 dwts" 
or 21 '6 dwts. per ton, and even on 70 per cent. extraction this. 
would leave residues of 6'48 dwts., equivalent to a residue of 30 
dwts. on the original ton of concentrates. 

Despite Mr. Williams' statement, I venture to predict that he 
will before very long find that sliming of his heavy products in flint 
mills, with subsequent treatment by agitation-as suggested in my 
papcr-is the correct treatment. 

On page 176 Mr 'Williams makes a most extraordinary error, and 
(llIC which I can hardly credit him with. He states :-

" }Ir Denny gives us a very interesting eye-opener on the 
cOllstituents and value of ore after passing amalgam tables, 
aml shows us that-

"35'6 per cent. of sulphurets extracted by vanners contain 
H:l'!) pcr ccnt. of the gold. 

"i) 1'1 pcr ccnt. of sulphurets in sands contain 15 '3 per cent. 
Ill' thll ~~lIld. 

" I ::.() pm' ccnt. of sulphurets in slimes contain 1'8 per cent. 
III' lilt: :;lIld," 

;--;"1,1, I,;<""I":,SIIONH in criticism I cannot pass, and I refer you to 
III,)' 1':1111'" 1'111' 1111l Ilorrcction of this mistake. It will be observed 
IllaL, 1\'1"11'11:1:\ 1\11' Williams informs you that I have stated that 
Lilli tlltlplllll'IIL:1 (:ollLain all the gold, my own figures (page 136) 
,d/lady t:iIOW U,al, of it total of £14,280, I show only £7498 as 
"(lillg l'I:P"IIH/IJl1.I:d lly Hlllphurcts, the balance being contained in 
l-lallllH alld NlimcH. I Hllbmit that, when Mr Williams gives us an 
/iyc-opCnCl':LH hc tlll'lllH it-hc should show more care in selecting 
his facts. 

It is truc that I scnt Mr 'Williams the sample which he goes on 
to r~fcr to, but I cannot follow the results he giyes at all, and I 
a~tflbute this mainly to the fact that he gives no percentages for 
hIS .concentrate.s. He states that a certain quantity caught by 
ordmary panmng-whatever that may mean, and which may 
a~tually mean anything from 0'01 per cent. to, say, 5 per cent
gIves 12 ozs. If the panning had been carried far enough there, 
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would have been nothing left but a little free gold, and the assay 
might have shown thousands of ounces to the ton. It seems 
unnecessary, but in view of these figures I must remark that values 
are purely relative to stated quantities. If, in sampling a reef, I 
pick out 1 in. carrying visible gold, it may show assays of hundreds 
of ounces to the ton, but the value becomes relative only when I 
state the thickness of the reef represented in the sample. 

It is on these statements that Mr 'Villiams presumes to say that 
my figures are not very reliable. I will not return the compliment, 
but I think my statements satisfactorily dispose of Mr Williams' 
conclusions. To show how misleading Mr Williams' figures-in 
the absence of percentages-are, I give the following certificates 
of samples of concentrates and sands taken by Mr T. H. B. 'Vayne, 
and analysed by Mr McArthur Johnston; and as these are only 
a few of many analyses made I can vouch for their accuracy. It 
will be noted, too, that the potassium-mercuric iodide method has 
been also used by Mr Johnston. 

No. I.-TEST ON CONCENTRATES 
Passed through No. 30 mesh (900) sieve. 

Assay value of concentrates = 80 dwts. 
Sulphurets separated from sands by potassium-mercuric iodide 
. solution of specific gravity 3'12 (water = 1). 
SULPHURETS (precipitated in this solution) = 76'2 per cent. Assay 

value = 102'5 dwts. 
SANDS (not precipitated in this solution) = 23'8 per cent. Assay 

value = 5'5 dwts. 

No. lI.-TEST ON SANDS 

Passed through No. 30 mesh (900) sieve. 

Assay value of sands = 5'0 dwts. 
Sulphurets separated from sands by potassium-mercuric iodide 

solution of specific gravity 3'19 (water = 1). 
SULPHURETS (precipitated in this solution) = 0'88 per cent. Assay 

value = 155'0 dwts. 
Reduced to 2 per cent. = 68'2 dwts. 

SANDS (not precipitated in this solution) = 99'12 per cent. Assay 
value = 3'6 dwts. 

No. lII.-RufPLE OF SANDS 

Assay value = 4'375 dwts. 
Sieved through 900 mesh. 
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Sample panned to about t of its weight into 

(a) Sandy portion m containing sul-'l 
phurets, expressed as FeS2 = 0'53 
per cent. 

Assay 
. _ 99'5 (b) Pyritic portion (t) separated by .value 

percent. (specific gravity = 3'19) into (1) 3'6dwts. 
sands containing sulphurets stated 
as FeS2 =0'18 per cent. and (2) 
sulphurets. 

II. SULPHURETS} Assay value = 169'5 dwts. 
= 0'5 per cent. Reduced to 2 per cent. = 43 dwts. 

These figures speak for themselves and do not in any way con
firm Mr Williams' figures. In fact they show clearly how grave an 
error Mr Williams made when he forgot to figure on percentages. 
It will be noted on statements Nos. 2 and 3 that I have reduced 
the value of the sulphurets to represent 2 per cent., which is the 
percentage allowed in my statement on page 136. Naturally, we 
could not in practice get the separation shown· by the potassium
mercuric iodide method. Even on this basis the figures are higher 
than those quoted by me in my paper, but the original figures were 
based on results obtained from samples taken by Mr F. N. Hambly, 
the present 'Manager of the New Goch Gold Mines, Ltd., over a 
period of a month prior to the war, and he will vouch for their 
nearness to accuracy for that particular period. 

I am pleased to say that on page 178, referring to Profit and Loss 
Accounts under clauses A., B. and C., I can come more or less into 
agreement with Mr ·Williams. Firstly, I do not believe in vanners, 
and we only use them at the New Goch Mines because they were 
already installed ,vhen we took it over, and we have had to make 
the best of a bad job. The cost of concentration alone. with this 
method was, in June of last year, £560, and, as shown in my paper, 
the total cost of concentration and treatment of concentrates, taken 
over a period of five months, amounted to £6, 12s. per ton. Truly 
a monstrous cost! The very fine rich concentrates caught by 
vanners offer no great difficulty to the ordinary cyanide process, 
and therefore it would seem possible that, as spitzlutte will separate 
the bulk of the heavy product, we only require hydraulic classifica
tion, with subsequent sliming and rapid cyaniding of the product. 
On page 134 of my paper, I stated, "We thus have in the case of 
frue vanner concentrates and chlorination a serious objection in the 
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matter of high cost "-showing clearly that I was no advocate of 
vanners, whilst, subsequently, I clearly proved that a very high 
extraction could be rapidly obtained from slimed concentrates by 
agitation in cyanide. 

Pending the time when we shall be in a position to remove Our 
vanners, I shall make some experiments in the assumed Case" C." 

SLIMES 

Mr Williams again becomes facetious when he comes to the 
treatment of slimes, and here he finds the second so-called contra
diction. He quotes me on the question of the practice of the 
majority of our mines, and says, "Surely the author must know 
better, as I can hardly give him credit for such a limited power of 
observation." I can only conclude from this that Mr Williams 
considers that the Rand Mines Subsidiaries are the majority of our 
mines, and I can distinctly assure him that they are not. I have 
already pointed out that only 22 out of 73 companies that were 
crushing in 1899 were equipped with slimes plant, and if all the 
mines, with milling equipment, were running to-day there would be 
,only a few to add to the list of those treating slimes, and the dis
proportion would still obtain. The limited power of observation 
therefore appears to be where Mr 'Williams least expected it, and 
again I must charge him with ill-matured statements. 

Mr Williams asks on what score our water separation at the 
Van Ryn Mines can claim any advantage over his apparatus at 
the Bonanza MinB, and this I have much pleasure in explaining:-

The operation of our separation at the Van Ryn Mines is con
ducted mainly in one conical-bottomed vat, 35 ft. in diameter and 
21 ft. deep. The whole of the slimed pulp coming from the cyanide 
plant is led into the centre of this vat, and from the bottom of it a 
product of 20. per cent. dry slime is continuously taken off and led 
to the slimes plant. I must say that this product occasionally runs 
up to about 30 per cent. The original pulp coming into this vat 
runs about 3 per cent., and it will be seen, therefore, that the bulk 
of our water is separated in one operation, quite independently of 
the slimes plant-that is to say, that if for any reason the slimes 
plants should be stopped, our water separation does not in any way 
suffer. At the Bonanza Mine the first separation is made by virtue 
of a series of pointed boxes, the under discharge from which carries 
about 12 per cent. of dry slime. This product is then led into the 
first slimes vat, where further water is separated after settlement of 
the slime by decantation. If, for any reason, the slimes plant 
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should be stopped, and out of operation, the only separation of 
water that is obtained is from the pointed boxes, which, it is 
obvious, is considerably less efficient than that from our main tank. 
This explanation will, I trust, make the difference quite clear to Mr 
·Williams. 

I have to thank Mr 'Williams for his generous remarks in the 
conclusion of his paper, and I can only express my regret that in 
self-defence I have been compelled to deal somewhat harshly with 
his remarks in general. 

In the first paragraph of Mr Dixon's criticisms he says: "I fear 
the remarks I have to make on Mr Denny's paper will appear to 
be somewhat rambling and disjointed, but it is difficult to take up 
such a lengthy paper in which there are so many repetitions and 
.contradictions and to reduce it at once into the much desired nut
shell." 

I have carefully considered the whole of the subsequent remarks 
made by him, but I failed, however, to find the slightest attempt 
to substantiate the charges preferred against me, either on the score 
of repetition or contradiction. Abusive statements, unsupported by 
.evidence, can be readily made by anyone, but they can never be 
.accepted as having any value, and usually they reflect more on the 
maker of the statements, than on the subject of the attack. There 
.are two kinds of criticism-the first havillg for its object the 
.appreciation of what may be good in the matter under consideration 
with suggestions for improvements where considered possible; 
whilst the second aims at a general depreciation of the subject 
matter and offers no assistance on the point of improvement. 

I think that the objects of this Society are more in keeping with 
the former than the latter, and certainly it can accept neither 
appreciation nor depreciation except on evidence. With apolo
gies for this dissertation on the ethics of criticism - which I 
trust, however, will not be lost on Mr Dixon-I turn to the first 
point selected by him for attention, namely, the classification of 
the product from crushers into a mill of varying weights. 

If 1050-1b. stamps were fed with ore not exceeding in average 
-§--in. cubes, I believe that- without increasing either the speed or 
the drop-the capacity of such a battery would very nearly 
approximate the work done' by 1250-1b. stamps on ore averaging 
3-in. cubes, and if Mr Dixon will study Mr Chester's paper 1 he will 
find figures to favour this suggestion, whilst he brings forward no 
evidence to support his own idea. 

1 See this vol., pp. 91·115. 
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Under "Preliminary Breaking," I suggested that all the ore 
should be reduced to about 1 i in. cube~ before entering the mill, and 
this, I believe, will eventually become general practice, thus doing 
away with the necessity for the classification referred to. Regard
ing fine grinding of concentrates, I refer Mr Di4 0n to my reply to 
Mr Williams. Mr Dixon admires- my enthusiasm in the matter 
of eventually replacing our present cyanide and slimes plants by 
something more simple and effective, both in design and operation, 
but he says, in effect, that as this alteration has not yet come about 
-despite the fact that he once waited for some cyanogen bromide
that he is of opinion that it never will. He must permit me to say 
that I entirely disagree with him, and I am convinced that the im
provements and alterations which most inevitably come within the 
next few years will cause him to revise his opinion. 

On page 182 Mr Dixon states his conviction" that so long 
as the Chemical, Metallurgical, and Mining Society of South 
Africa is in existence that there will never be two entirely 
different metallurgical schemes on these fields for very long." 
"Very long" is a somewhat ambiguous term. Assuming for the 
sake of argument, however, that within the next twelve months a
new and improved scheme was found to be applicable here, it does not 
follow that all our present plants must be at once thrown on the 
scrap heap. In fact, it;is more than probable that many of them 
would continue in use whilst the improved process would be 
adopted only for new equipments, and we might easily, therefore, 
have two rival schemes at work without in any way injuring our re
putation as metallurgists. I do not think that Mr Dixon can have 
considered this view of the question, which, to my mind, is ob
viously the correct one. 

On West Australian methods-which Mr Dixon deals with in 
his concluding remarks-I repeat my statement that the tendency 
appears to be to slime everything, and treat the pulp after 
amalgamation by a simple agitation method in one operation. 
This is surely a less complicated procedure than our existing one. 
Mr Dixon becomes angry at the mere suggestion that there are 
possibilities of improving present practice, and is quite satisfied 
that everything we do is perfection, and not susceptible of im
provement, and he becomes quite violent when I state that we 
may glean something from the practice of other countries which 
will help to enhance our present returns. Our new motto, as 
suggested by Professor Hele Shaw, I 'understand, is to be "Let 
our aims equal our possibilities," or words to that effect; and to 
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work 'consistently in the spirit of that honourable aim we cannot 
"mark time," but must ever be on the qui vive for the advent 
of new factors in our possibilities. 

The constitution of our Society is, fortunately, in itself a 
standing advertisement to the fact that, as a body, we are not 
satisfied that all is perfection, and that our united efforts are 
being exerted always to achieve better things. It is a pleasure to 
come to Mr Alexander's very practical observations on milling. 
In one breath, however, he accuses me of having written too 
much on the whole for proper digestion, and having written too 
little on milling. I confess that my remarks under milling are 
brief, but, unless one writes a book 011 the subject which I had 
the temerity to select for the subject of. my paper, the various 
sections must of necessity be general in character. . Mr Alexander 
is very concise and clear in dealing with the limitations of milling 
and the importance of crushing and amalgamation, and I find 
myself in cntire accord with him throughout. 

In dealing very briefly with my paper, Mr Kerr concludes by 
saying :-" Cannot we find out a method without the huge cost 
which we have for a slimes plant of adopting something similar, 
and go on more or less on his lines, which he has shown us in his 
paper, and carry out this theory." I can assure Mr Kerr that no 
stone will be left unturned as far as I am 'personally concerned in 
that endeavour. 

I find Mr E. H. Johnson's remarks very pertinent, and I 
appreciate to the full more than one of the points which he has so 
conscientiously raised. My views on some of his remarks will be 
found in my reply to Mr Williams, to which I must refer him. 
In common with Mr Williams, he does not favour the assumed 
Case "C " on page 138 of my paper, and I admit that I have less 
confidence in that suggestion now than when it was made. The 
facilities for trying the experiment, however, are easily accessible 
at the New Goch Mines, and perhaps I may have.somcthing to add 
on the point at a later date. In the meantime, as already indicated, 
vanner work has no place in my scheme for the future, and I 
regard the experiment therefore as of only tentative importance. 
A good deal has yet to be learnt of the possibilities of spitzlutte 
work, and upon the acquisition of more definite data on this point 
will depend the termination of the advantages of sliming every
thing, as against sliming only a classified portion of the mill 
pulp. 

On page 189 Mr Johnson says: "In view of the figures quoted 
p 
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in the table, showing the pyritic residual value of 4'12 dwts., even 
without re-grinding, I was rather disappointed that Mr Denny 
found the limit of solubility reached in his sliming experiments 
with a residue of 4 dwts. to 5 dwts." He overlooks the fact, 
however, that his residue of 4'12 dwts. is from a charge of only 
20'53 dwts., representing an extraction of only 80 per cent., whilst 
the one given by me is from a much higher value charge, repre
senting a very high extraction. I do not object to a comparatively 
high residue if it shows, relatively to the charge, an extraction of 
95 per cent. With this explanation I think Mr Johnson will be 
satisfied. In touching upon my proposal to slime everything, Mr 
Johnson says, on page 190, "but the crucial point as to the cost of 
this operation and of subsequent treatment with cyanogen bromide 
and agitation and filter pressing is information we should much 
appreciate," and, obviously, I entirely agree with him. Any 
modification of our present methods, to be acceptable, must of 
necessity be one which will add to the profit side of our results. 
There is a direct ratio between working costs and percentage 
extraction, and the more we reduce the former factor, the greater 
become our possibilities of increasing the latter. 

In this connection Mr Johnson says: "Apart from reduction of 
working costs there remains then on an average only about 1 dwt. 
of gold, say, 4s. 2d. to work on per ton of residues, as a field out 
of which to make additional profits." The consideration cannot 
be divided, and the factor which Mr Johnson deletes is, in my 
opinion, of more importance than the one he allows to remain. 
In fact the whole body and soul of our industry is to work at a 
minimum cost, and with constant improvements on that score, the 
limit of extraction may be safely left to find its own level. 

Mr H. Leupold suggests that sliming to 1600 mesh would be 
cheaper and just as satisfactory as sliming to 40,000 mesh. I can 
only say that my experience in my experiments, the results of 
which I have given you, does not support this view. In 'Vest 
Australia, in using flint mills, it is stated that the larger percentage 
of the product will pass through a mesh of 220 holes to . the linear 
inch. No screens are used on the machine and, once it is set, that 
product must be constant. In practice the slimes are passed 
through a classifier after leaving the flint mill, and anything 
coarser than about 200 holes to the linear inch is returned to the 
flint mill. Our flint mill at the N ew 90~h Mines is being set. up to 
give results on these lines. Mr Leupold go~s on to say that the 

,oscillating copper plates, proposed by Mr A. M:. Day, might be 
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tried with advantage. In my experience thus far, any amalgamated 
plate such as that suggested shows scouring, and considerable 
flouring of mercury and amalgam results. The best amalgamator 
has so far been represented in the stationary plate. 

In the matter of agitation, I think with Mr Leupold that revolv
ing barrels can be dispensed with, and, in some interesting experi
ments in which the agitation was done in Montejus, I have obtained 
results so satisfactory that it has been decided to dispense with the 
revolving barrel. I quite agree with Mr Leupold as to the vague
ness of the term" mesh." There appear to be three grades of mesh 
.employed, known as light, standard and heavy, and considerable 
variations occur in the use of these three, that is to say, the same 
amount of slime may be obtained from a 500 heavy as from a 600 
light, and I have known of one or two cases where the results in 
the cyanide works have been considerably affected by this variation. 

Other points raised by Mr Leupold are important, but would 
occupy too much time to be dealt.with here .. Hi..; figures on the 
amount of pulp to be lifted in relation to the amount slimed are 
interesting, and doubtless will form the subject of further contribu
tions when more definite data on sliming is available. 

Mr A. L. Edwards gives us some interesting figures on the 
question of filling vats and treatment of concentrates which I 
commend to the attention of those interested. I find, however, 
nothing calling for particular reply from myself. 

In a short contribution under the heading of "Concentration," 
Mr W.- A. Caldecott gives us some figures from which he deduces
in a certain experiment specified~that· for each unit of pyrites 
there was practically four times more gold in the sandy portion 
than in the pyritic portion. I think I understand what Mr 
Caldecott means, but the problem requires a little more elucidation 
than he gives, and I would suggest that as the point he takes up is 
a very important one in its bearing on concentration in any form, 
he should make the matter the subject of a more complete 
contribution. 

Mr Roskelley says: "Surely Mr Denny takes up a strange 
position when he says that a machine (referring to the battery), 
which, on his own showing, is responsible for 66 per cent. of the 
total gold recovery, is only regarded as a crushing medium." I do 
not think I stated anywhere that the mill itself was responsible for 
66 per cent. of our total' gold, and I fancy Mr Roskelley is confus
ing the operations of milling and amalgamation. It is to the latter 
operation that I refer when I make use of the figure" 66 per cent. 
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recovery." Mr Roskelley refers also to the question of loss ,of 
mercury, which I have dealt with in my reply to Mr Williams. 

Mr Wager Bradford joins issue with me on the question of 
sorting, because I take, as a general statement, the value of waste 
rock in my comparison at 2 dwts., and he estimates that on his 
mine, the Langlaagte Deep, he can, because of low working costs, 
treat 2 d wt. waste rock at a profit. At the outset, I would refer' 
Mr Bradford to the following extracts from my paper :-

Page llS-
"To say that sorting is an operation that should apply to, 

every proposal, is more or less to claim that the same condi
tions are presented in each case. This we know is not so, 
and consequently, the operation will more particularly apply 
to one case than to another, and there will be limits at which 
it will reach its highest efficiency and its lowest." 

Page 122-
"Naturally the object of sorting is to discard rock which 

cannot be treated profitably, and if the value of the waste rock 
at any time exceeds this limiting factor, then the operation is 
done at a loss. That limit will vary according to conditions 
and must be computed independently for each proposition." 

Surely, if Mr Bradford had carefully considercd these statements, 
he would not have found it necessary to take an isolated case such 
as Langlaagte Deep to confute my general statement. In fact, he 
could not have done so, as my remark~ specifically cover such a 
case. If Mr Bradford will take the average working costs on the 
Rand, he will find that my figures are about right, whilst to use his. 
figures for an average statement would not only be quite inaccurate, 
but misleading. When dealing with a subject of general interest 
in a general way, one must, I take it, base the framework of all 
calculations on something approximating average, and not deal with 
extremes. The case I have figured on is one in which the working 
costs, without sorting, amount to 24s. per ton, and on those figures I 
repeat that 2 dwt, rock cannot be treated at a profit. If the work
ing costs are only ISs., with crushing, milling, sorting and slimes 
handling, proportionately low, then, obviously, the case differs, and 
this I was careful to indicate. 

Mr Bradford, in common with Mr Williams, objects to a basis of 
so. pcr cent. extraction, and I ther~fo~e refer him to my reply to 
Mr Williains on this point. On page 200, Mr Bradford says: 
"Moreover, there are existent to-day abnormal conditions under 
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which it may pay to abandon sorting, however low the waste value, 
in order to utilise in productive work underground, the labour thus 
released from the sorting stations" j and on page 203 he enlarges on 
this point by estimating that with the boys released from sorting 
he could have, in six months, mined an extra 4500 tons, I do not 
know what class of boy Mr Bradford proposes to use for sorting, 
but on the group of mines with which I am connected, the policy 
always is to utilise for sorting work only such as are incompetent 
for underground work, and of every complement of 1000 natives it . 
is not difficult to find many who come under this category. 
Cripples, invalids, convalescents, and piccaninnies are to be found 
round our tables, and I should be sorry to rely upon securing an 
extra 750 tons per month from the mine by virtue of sending these 
natives underground. Moreover, I think most mine managers 
reserve their weaklings for sorting work, and hence I cannot allow 
:\1r Bradford's contention, If we abandon sorting, which will 
Iwvcr happen I think, I should discharge the bulk of the sorting 
hoys. 

On page :l05, Mr Bradford gives us the Langlaagte Deep working 
1:II~lH, allil he figures out his profits on the statement that he can 
I.l'eat :l Ilwt. waste rock at a profit, As before remarked, given 
,ltllil'ilmLly low working costs, L do not dispute this statement j but 
I rill 1101, 101:0 anywhere in Mr Bradford's cost an allowance for the 
t'\ t ";, \I al.l"', I'xtm maintenance of slimes dams, etc., that would 
''''I'll'' "" '":IIIY IIf tho mines of the ·Witwatersrand. 

()II p:I,"," :'.()(i ;\'II' Ilradford says: "The gold recoverable from 
\I :,.1" ,"i:~111. I,n rli:ll'l:gartietl, and still leave a substantial gain, so 
II"d, lay, Illa~, ,VlI' J )ollny'" conclusion on page 124 is wrong j 
"I,d, II"d, \I 11.11 II! In HtaJllPH and a labour shortage, it pays to stop 
:'''I'IIII.'~, "::jll'I'i:tll'y 1111 :L l'ieh mille, provided the released labour is 
IIl.ili"d," III \il'W IIf t.ho l'emarks which I have already made, it 
I,. I"lI'Illy 1I"""::.,:rI''y (II Hay LImt in this I cannot agree with Mr 
1:1':lrll"I'd, :I'~~I '1'111111 JlllllaYH it pays to stop sorting, "especially on 
., "i,·11 '"1111', iJl' "h,ndl! ahlO Hay ~o~cthing regarding the working 
"11,.1.;, II. .III'::; ~llIt., 111 Illy opllllon, pay any company to run 
,;1alll p:, 1\ III'~ 111'1' 1I1It: 0]' IIOt, on rock which will not show a profit 
,,\','" "\I"'llIllt1l1'0, allli I HllOllld like to ask Mr Bradford whether 'f 
:,1) 1."I~H of IlI'il·kH :wI:idontally dropped into his rock going into t~e 
11,,11 111111" 1111 would Hort it or not7 In assuming a case of 2 dwt. 
1'''1'1, I :I,lso :t'~';lIIl1e that the operation is being done right up to the 
I II lid. of IlOl'tll1g. AHHllllle, for instance, that of the coarse rock 
II 1rll'Ir \\'(JIl1tl in tIll! operation of sorting pass over the sorting table 
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only 40 per cent. waste could at the maximum be picked out. In 
such a case it is mo~e than probable that 20 per cent., equivalent to 
about 10 per cent. of the total ore, could be discarded without 
running any risk of throwing away reef matter, and that 10 per
cent., it is more than probable, would not assay more than 0·5 dwt. 
It is only in endeavouring to arrive at the discharge of the whole 
of the coarse waste rock that the danger of overdoing the operation 
comes in, and I would suggest that at the Langlaagte Deep a 5 per 
cent. to 10 per cent. sorting of rock that would not assay more than 
0·5 dwt. could be easily carried out; and if this is so, then I argue 
that Mr Bradford is losing money by not following out the opera
tion. I would rather have stamps lying idle, and incurring no 
expenditure under the head of power or maintenance, than to have 
them running in order to draw gold from the other more valuable 
rock, and to enrich barren rock worth nothing into residues of 0·5 
dwt., more or less; and I feel sure that if Mr Bradford will take 
my suggestion in the spirit in which it is offered he will find that 
it will show some improvement on his work. 

To summarise, therefore, I do not agree with Mr Bradford :-
(1) That the labour employed on sorting is likely to be pro

ductive in the mine. 
(2) That the case of the Langlaagte Deep can be taken to 

represent the genera.l average on the Rand. 
(3) That it is a profitable proceeding to feed ore into the mill 

when a certain portion of it can be discarded, of a value that would 
not show a profit on the ensuing operations. 

(4) That he has given us any figures which alter the facts as 
shown in my statement. 

In regard to the ultimate test of profits, and the value of shares 
in any mining company, I would refer Mr Bradford to a paper 
presented by Mr Fred Hellmann to the South African Association of 
Engineers, in which he gives the necessary formula for the gradual 
amortisation of capital, and he shows the present value of the 
ultimate net profits, allowing 3 per cent. for amortisation and 6 per 
cent. for dividends. Mr Hellmann's formula is in my opinion a 
better one than that employed by Mr Bradford. 

CONCLUSION 

In conclusion, I must express my regret that I have perforce had 
to indulge in a certain amount of personal reflection in the notes 
which I have put together for my reply. I deprecate very much 
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any such reflections in a discussion which is supposed to be purely 
scientific, both in its nature and its objects, but I felt compelled, 
after reading various remarks made on my original paper, to reply 
somewhat in kind, and if I have erred in this I must offer my 
apologies. 

It is difficult to calmly sit down to reply to statements which are 
more abusive than critical, with cold fact, and this I have felt to be 
my difficulty. I would have been much better pleased if the whole 
of the discussion had dealt more seriously with the technical points 
which I presented, rather than to search for pinholes in my state
ments on which to make caustic remarks in discussion; and I find 
that, in the main, the points that have been taken up have really 
represented more the side issues than the fundamental principles 
which I was advocating. Few of the members have really raised 
any objection to the keynote of my paper, which is, that as it has 
been proved by experiment that from finely slimed concentrates 
and other ordinary slimes, a high extraction can be obtained by a 
rapid treatment in cyanide solution, it is not impossible that the 
whole of the pulp leaving the mill plates might offer itself to a 
similar treatment, in a smaller plant, and at less cost than obtains 
with our methods to-day. 

Finally, I must apologise for having taxed your patience, both in 
my original paper and in my reply, to such an unwonted degree, 
but I trust that in some measure I have been successful in emphasis
ing a few facts that may have some bearing on our future operations. 
At a later date I hope to again ask for your attention in connection 
with our slimes plant at the Van Ryn Mines, and our concentrate 
treatment plant at the New Goch Mines. 

The President-Gentlemen, I am sure that in congratulating Mr 
Denny upon the able reply to the criticisms on his paper, I am voicing 
your opinion, and I should like, if it were not so late, to make a few 
remarks myself on the subject, but I think it is better to leave the 
matter as it stands, because, after all, it simply points out the fact 
that the existence of this Society is justified by the apparent 
difference of opinion on these matters. It is a big subject, and I 
do not think we can decide ofi~hand what is going to be the ultimate 
practice on the Rand; but as Mr Denny has had the courage to. 
state his opinion, whether we agree with him or not, we will respect 
it as such. 
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V 

AN AUTOMATIC PULP SAMPLER 

By JAMES HIGHAM (MEMBER) 

(Read at July Meeting, 1903) 

WHILE the subject of automatic pulp samplers is before the 
Society, I would like to place before the members a short description 
of a machine designed by myself which has been working for the 
past nine months and has given every satisfaction. The accompany
ing photograph will help to make the operations of the machine 
clear. 

DESCRIPTION 

The sampler crosses transversely to and fro through the pulp 
stream, the direction of travel not being reversed until the sample pipe 
has passed out of the stream and clear of the sides of launder. It 
can be given any travel up to a width of 30 inches to suit width of 
launder. 

The pulp is shot into the rec.eiver from the. upper launder and 
flows to the launder under sample pipe. The sample is delivered 
through the end of pipe and conveyed to the sample tank. 

If there is no running shaft available for driving the sampler, it 
can be driven by a small electric motor, say ~ horse-power or by a 
small water-wheel placed in the stream of pulp. 

The power required to run the sampler will compare favourably 
with machines depending on a water supply for their operations, 
and particularly in cases where the water has to be specially pumped. 

The speed is as near positive as possible, and the sampler runs 
continuously. 

In the case of a machine operated by falling weights or water 
boxes there is always a tendency to speed acceleration (if only 
slight), while the receiver is crossing through the stream of pulp. 

You are aware that obtaining an accurate sample is generally a 
more difficult matter than determining accurately the value by assay, 
and for this reason the sampler is kept running continuously. It 
will be evident that the sample taken running continuously will be 
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large though. more reliable. This may be quartered down, or, if 
more convenient, a second sampler (smaller), may be introduced to 
automatically reduce the bulk taken by:the first machine. 

I have found the size of sample taken by this sampler from 100· 
stamps to be about 2000 lbs. per diem. 

The main objection so far raised to this machine is that the 
sample taken is too large for convenient handling. I have just 
been able to overcome this by a very simple dividing box 
that will reduce the bulk of the first sample to any required 
percentage. 

DISCUSSION AT DIWEl\IBER :\IEETING, 1903 

The President-I think this is a paper which in itself hardly 
calls for discussion, but I think it includes naturally the sampling 
(){ tailings generally, on which there should be a good deal to be 
said. If you do not get a proper sampling of pulp, etc., you do 
not know really what you are doing in the matter of extraction, 
and in this respect I do not think the matter should drop. 

Mr A. F. Crosse-I think myself our idea, when we sample a 
pulp, is that we are satisfied if we get a fairly good gold assay. If 
I were to give my opinion as to the efficiency of a pulp sampler I 
should not trouble about the gold at all. I should try to find out 
whether the different methods I use for sampling a given stream of 
pulp gives the same sieving analyses, and I think as these propor
tions are very much larger percentages, they are a better guide to 
the result than the number of dwts. of gold per ton. Supposing 
your batteries are giving out these products and you take the 
varioLls samples, you can find the results much easier by working 
.out the sieving analyses than you can by assaying the gold. 
Anyone taking the trouble to improve our sampling arrangements 
.should receive every encouragement from the members of this 
Society and thc industry. "\Ve build up all sorts of facts· from our 
.samples, and if our samples are not accurate our results are not. 
The way I adopt to ascertain the various products ill pulp sampling 
is to eliminate the slimes. I take a dry sample which I soak in 
water. I take a little more than 1 lb. (500 grammes), put it in a 
()onical vessel, and after it is thoroughly well soaked, a stream of 
\Water is carried through it, and then it is decanted off in the 
ordinary way. 

Mr J. R. Williams-Some years ago we had a very celebrated 
mining man on the Rand, well known to this Society-Mr Hamilton-
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Smith. He made a statement 'to me: "Williams, therj3 is no, 
automatic sampler in the world worth anything. There is only 
one way of taking a sample. Get a bucket large enough, and only 
fill it half full. Filter your water down and assay the whole lot." 
Therefore, the present automatic samplers are only approximately 
correct. We have always known there is a big fact of error in 
them; but some short time ago I was asked to go down and 
investigate the Higham automatic sampler. On the first appear
ance of the sampler I liked it. There were new ideas brought to, 
bear on the thing we had not seen in previous samplers. I was 
impressed with it, and I was empowered to spend money to check 
this sampler and condemn it if possible to do so. One of my chief 
lieutenants and myself went down to do so: We took the samples. 
with a cup and never allowed it to be more than half full. The 
pulp was sampled very carefully ~any times, as against the· 
automatic sampler working through the same period, to check the, 
results. We not only assayed each for gold and analysed them by 
sieves, as Mr Crosse suggested, but, in addition, ascertained that 
the amount of sulphur as pyrites present was the same in each 
case. Under all these conditions Mr Higham's sampler proved to 
be an ideal one, and the only perfect sampler known in the market_ 
In fact, I am so pleased with it that unless someone can go one· 
better, I shall adopt it on every mine I have the opportunity of 
doing in the future. We have taken a lot of trouble and spent a 
lot of money in checking it, and I think this is the first true' 
automatic sampler we have had in the market. 

Mr C. Dixon-Do you not think, Mr Crosse, in sizing your 
products from the sampler, it would depend a great deal upon the 
amount of water you get through the battery, which, you know, 
vanes. The product going down to the sampler is not always the' 
same. If you shut off the water, you certainly shut off the slimes 
and ore with it, and you have not the same force. I do not think 
the sizing test is applicable to any sampler at all. 

Mr A. F. Crosse-The automatic sampler is supposed to be
working over twenty-four hours, and in a 180-stamp mill these 
variations tend to equalise themselves. I should have thought 
where you have 7 or 8 dwts. of gold, that is, simply a proportion 
of the 90,OOOth part, that proportion is very much less than the 
big percentages which I pointed out to you. I was looking at this 
and also had in mind the determination of the pyrites. What l 
meant was that if I obtained 24 per cent. of slimes in a sample 
taken by any reliable method, and I had an automatic sampler 
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which gave me 38 per cent., I should say that the automatic 
sampler was no good. 

Mr J. R. Williams-In any case, the amount of water would not 
affect the sampler at all. 

The President-I am sorry that no one has anything more to· 
say on the matter of sampling, but before I close the discussion I 
should like to corroborate our ex-President's remarks in regard to 
testing the sampler, because I was directly concerned in the matter" 
myself. 
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VI 

THE VENTILATION OF DEEP LEVELS 

By THOS. JOHNSON (MEMBER) 

(Read at JUly Meeting, 1903) 

Tm~ efficient ventilation of the deep level mines IS a matter of 
great importance. 

The term ventilation may be defined as the constant exchange 
of a current of fresh air for a current of foul air, circulating in 
'certain definite directions, so that all the different parts of a mine 
may be kept in a healthy condition, and therefore free from all 
.accumulation or mixtures of dangerous gases. 

That there is a proper supply of air to a mine is a point that 
should be attended to by everyone in charge. It really pays to 
have good ventilation, as men are not only capable of doing more 
work, but do it with greater comfort and are more contented. 

By Rttle 52, Transvaal Mine Regulations, 1898, every mine must 
be constantly supplied with an adequate supply of fresh air. 

Not less than 70 cubic ft. of such air per minute shall be 
supplied in the intake for each and every person employed under
ground, and as much more as circumstances may require. 

Should the Inspector of Mines deem it necessary, a register of 
the quantities of air circulating through the mine shall be kept. 

Rule 53 says: The ventilating current shall be suitably split 
where necessary, and the air conducted to and along the face of 
,each and every working place throughout the entire mine, in 
sufficient quantities to render harmless and sweep away the smoke 
produced by blasting, or any other noxious gases, so that all 
working places and travelling roads shall be in a fit state for 
persons to work and therein travel. 

Rule 41 says: That no person shall be employed in a mine, or 
be permitted in a mine for the' purpose of being employed therein, 
unless there are at least two shafts or ,outlets to the surface, with 
which every reef or mineral bed for the time being worked in the 
mine shall have a communication of not less than one metre wide 
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and one metre high, so that such shafts or outlets shall afford 
separate means of ingress and egress available to all persons. 
employed in such mine, whether the shafts or outlets belong to 
the same mine or to more than one mine. 
, Now, although the law provides that there shall be two shafts 
or outlets, it is silent as to upcast and downcast shafts, which 
leaves everyone in uncertainty as to whether a company would be 
within its rights in using one shaft for both upcast and downcast; 
anyway, there must be up cast and downcast, and the problem is to· 
carry out Rules 52 and 53 of the Transvaal Mine Regulations, 1898. 

The necessity for ventilation is understood at once when it is 
remembered that the breathing of every person in a mine, the 
combustion of lights and explosives and the numerous chemical 
changes constantly taking place in the mine all rob the air of its 
oxygen, and contribute towards the production of an impure 
atmosphere. 

The average composition of the atmosphere is as follows;' 
nitrogen 77'95 volumes, oxygen 20'61 volumes, carbonic acid 0'04 
volume, water vapour 1'4' volumes; also traces of ammonia, 
ozone, nitric acid, marsh gas, and several newly discovered gases,. 
argon, neon, krypton, xeon. 

Oxygen, the chief supporter of life and combustion, is the most 
important. If by any means the oxygen is reduced by 1 per cent., 
the remaining air is no longer fit to be breathed, if reduced by 
2 per cent. it is only just capable of supporting the flame of a 
candle, and if 4 per cent. is taken away a lamp will refuse to burn, 
whilst air with 5 per cent. less oxygen than is contained in the 
ordinary atmosphere cannot be breathed. (Milne.) 

Authorities differ as to the amount of air necessary for efficient 
ventilation. 

The Transvaal Mine Regulations of 1898 require not less than 70 
cubic ft. per person per minute. 

The Bituminous Mine Law of Pennsylvania specifies for not less 
than 100 cubic ft. per person per minute in !lny mine. 

The Anthracite Mine Law of Pennsylvania specifies for not less 
than 200 cubic ft. per person per minute. 

Each of these laws contain modifying clauses, specifying that 
the amount of air in circulation shall be sufficient to dilute, render 
harmless, and sweep away smoke and noxious or dangerous gases. 

The first General Rule of the English Coal Mines Regulation 
Act states that an adequate amount of air shall constantly be in 
circulation to dilute, render harmless and sweep away noxious. 
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:gases to such an extent that all working places, travelling roads, 
,etc., shall be in a fit state to work and travel therein. 

Belgium, I believe, calls for from 64 to 106 cubic ft. per person 
per minute in mines not giving off fire-damp. 

Warington Smythe recommends 100 cubic ft., T. J. Taylor 160 
,cubic ft., Mr Mackworth 100 cubic ft., and \V. Lloyd 100 cubic ft. 
·per person per minute in mines free from fire-damp. 

The quantity of air required for efficient ventilation cannot 
.properly be fixed at so much per person for each and every mine, 
as the conditions at different mines and in different parts of the 
same mine vary so much. 

A mine or part of a mine with a small stoping width could be 
better ventilated with a certain amount of air than a mine with a 

.greater stoping width, as good ventilation depends greatly on 
velocity. 

Take for example a stope of 3 ft. width, quantity of air 1500 
cubic ft. per minute, the velocity equals 1, and a stope of 6 ft. width, 
quantity of air 1500 cubic ft. per minute, the velocity equals 0'5. 
Now in a case like this, if the smaller stope was only getting 
sufficient air to keep it clear and in a fit state, then it is probable 
th'l.t the larger stope would not be sufficiently ventilated because of 
the lower velocity, although the volume would be the same; air and 
other gases have weight, and require a force to move them, and if 
the velocity is reduced to 0'5 through the increase of area, then 
the pressure would be reduced to something less than 0'5. 

As with stopes so with mines, the greater the stoping width and 
,the greater the area worked out; the greater amount of air per 
person would be needed for efficient ventilation. It is my opinion 
that any standard based on the number of men in a mine is not 
sufficient to meet the different conditions existing at different 
mines. 

As mentioned before, the mining laws of this Colony call for 70 
cubic ft. per person per minute and as much more as circumstances 
may require, which is not very definite. The quantity of air 
going into a mine is not a measure of the efficiency of the 
ventilation. There may be thousands of cubic ft. of air per 
minute more than is necessary going into a mine, still it may be 
a badly ventilated mine if the air is not conducted to the required 
points. / 

I believe it would be much bettt;lr to fix the quantity of air 
.according to the quantity of dangerous gases allowable in the air 
·,of any working place; this is what the modifying clauses of the 
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,different mining laws aim at, but they do not define any danger 
point, which leaves the management of the mines in great 
uncertainty as to what is required from them. 

Underground Temperature.-Mr F.G. Meachim, in a paper recently 
read before the South Staffordshire and East W orcestershire Mining 
Engineers, gave the result of some experiments made by himself 
.and others tending to show that in the South Staffordshire district 
the rate of increase of temperature is 1 ° F. for every 110ft. increase 
of depth. Some recent American experiments seem to show that 
the rate of increase of temperature is 1°F. for every 101 ft. 
increase of depth. He also stated that recent experiments proved 
that the temperature of the rock was much less than that of the 
mine workings. (This is in coal mines.) 

Mr Agassiz and Mr P. C. F. West in their experiments carried 
on at the Calumet and Hecla Mines, found that the increase of 
temperature averaged 1°F. for every 223'7 ft. increase of depth. 
At a depth of 105 ft. the temperature was 59° F. The greatest 
depth was 4580 ft. vertical, and the highest temperature of rock 
79° F. Negretti and Zambra's slow-registering thermometers were 
used, and were placed in holes 10 ft. deep, the holes being then 
plugged up with wood and clay and lcft for a period of from one to 
three months. 

In England the increase of depth for every rise of 1 ° F. is 
variable, ranging from 56 ft. at Tresavean Mines, Cornwall, to 86 
ft. at the Dukinfield Colliery. 

It would be of benefit to many if the different companies con
cerned would get the temperatures of the different deep boreholes 
.and the deep shafts and have a list compiled and published. 

Mr Truscott, in his book "Banket and Mining Practice on the 
Rand," gives a table of Mr M. Francke's from which he deducts 
that on the Rand the rate of increase of temperature is about 1 ° F. 
for every 250 ft. increase of depth. This wouid give for a shaft 
5000 ft. in depth a rise of temperature of 20° F. 

In summer this increase of temperature would give a ventilating 
pressure of say about 11 lbs. per square foot under the following 
conditions :-downcast temperature 80° F., upcast temperature 
100° F. temperature, shafts 5000 ft. in depth, barometer 25 in; in 
height. This ventilating pressure would give a motive column of 
179 ft. of the density of the downcast. In winter a greater 
ventilating pressure would be produced for a difference of 20° F. 

Say downcast temperature 40° F., upcast temperature 60° F., 
shafts 5000 ft. in depth, barometer 25 in. as before, the ventilat-
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ing pressure in this case would equal 13 Ibs., or 195 ft. motive 
column. These results are found by using the following formula :_ 

1'3253 x H UT • ht f b' f f' 459 + t. = n mg 0 one cu IC t. 0 aIr. 

Where H = Height of barometer in inches, t Temperature 
in degrees F. 

0'73437 x H . 
or 973 T = Temperature III degrees C. 

"' + t 

Motive column is gen,erally taken to mean the height in feet of 
a column of air of the same density of the air in the downcast 
shaft, which is equal to the difference of weight per unit of area, of 
the downcast and upcast columns, and is found by dividing the 
ventilating pressure per square foot of area by the weight of one 
cubic foot of air of the same density as the downcast column, or 
multiply depth of upcast shaft by difference of temperature and 
divide by 459 plus t.emperature of upcast shaft for motive column 
in terms of upcast shaft. 

Position of Shafts.-It is generally accepted that mines should be 
ventilated on the plan known as ascentional ventilation; this is 
right for a mine giving off fire-damp or other light gases, but it 
does not suit so well for a mine giving off black-damp (C02), 

For fire-damp (Sp. G. 0'559) the ideal manner of ventilating 
would be to have the upcast shaft at the extreme rise of the 
property, and the downcast at the extreme dip. The fire-damp 
would tend to rise towards the upcast because of its lightness. 
In the case of a mine giving off black-damp (C02) instead of marsh 
gas the u pcast should be at the dip boundary, and the downcast at the 
rise boundary the Sp. G. (1'529) of carbon dioxide causing it to sink. 

Given two shafts of approximately the same surface level, it 
must be apparent to all that the height to which the carbon dioxide 
has to be lifted is the same whether the upcast is at the rise side 
or dip side (see fig .. I), There is nearly as good a reason for the 
upcast to be on the dip side for a mine giving off carbon dioxide 
as for the upcast to be on the rise side for a mine giving off fire
damp. To carry carbon dioxide to the rise through the workings 
of a mine would require a much greater current velocity in every 
working place than would be necessary to carry it to the dip 
because of its weight as stated befo~e. Once at the shaft the 
trouble would be over as the velocity there is much greater than in 
the working places. 

I do not think that the amount of noxious gases given off in the 
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gold mines of the Rand is sufficient to cause ventilation to be a 
determining factor as to the position of the shafts. Other and 
more important considerations such as surface facilities, drainage, 
hauling, faults will decide. 

Natural Ventilation.-What is termed natural ventilation is that 
quantity of air which circulates through a mine without the aid of 
artificial means, the motion depending entirely upon the difference 
of temperature above and below ground, direction of the wind, 
surface level, motion of skips, cars, etc. In natural ventilation the 
ventilating motor or air column exists in the downcast shaft by 
virtue of the greater weight of the air in the downcast shaft. This 
air column acts to force the air through the airways of a mine. 
No matter what the respective sizes of the downcast and upcast 
may be, so long as there is a difference of density of the two 
columns of air, a current will be set up, provided the difference of 
density is great enough to overcome the resistances. 

Before going any further it might be interesting to try and figure 
what quantity of air is likely to be produced by natural ventilation. 

The general formula is P A = KSV2. 
Where P = Pressure in Ibs. per sq. ft. of area of airway. 

" A = Area of the. section of airway in sq. ft. 
" K = Co-efficient in Ibs. per sq. ft. of rubbing surface + a 

velocity of 1,000 ft. per minute. 
Where S=Area of rubbing surface in sq. ft. 

" _ V = Velocity in thousands of ft. per minute. 
For example, take a mine with two shafts, each 5000 ft. in 

depth, 30 x 7 ft. inside timbers, six drives, each a mile long, and of 
7 x 5 ft. section, what quantity of air would probably be put in circula
tion if downcast temperature is 60° F. and upcast temperature 80° 
F., barometer 27 inches 1 Weight of a column of air 1 sq. ft. area in 

1'3253 x 27 . 
downcast shaft = 459 + 80 x 5,000 = 344'73 Ibs. 

Weight of a column of air in upcast shaft = 

1'3253 x 27 x 500 331'93 Ibs. 
459 + 80 

Ventilating pressure, P = 12'8 Ibs. 

Quantity = Ji~ x A or V x A = quantity. 

P= 12'8 Ibs. A = 210 sq. ft., assume i available = 160 sq. ft. 
Shafts. Drives. Sq. Feet. 

S = 5,000 x 2 x 74 + 5,280 x 24 = 1,5000,320. K assume at 0'005 lb. 

Q 
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Then J 12'8 x 160 . ... 
Quantity = 0'005 x 1500320 x 160 = 83,600 cublC ft. per mmute. 

With a temperature of 600 F. in the downcast, and 1000 F. in 
the upcast, other conditions remaining the same, the ventilating 
pressure would be 24'67 Ibs. per square foot, and the quantity 
would equal 115,920 cubic ft. per minute. These quantities would 
be greatly reduced if the mines gave off any quantity of carbon 
dioxide. Take a mine, as before, (example 1), except that in this 
case the upcast air is charged with 5 per cent. carbon dioxide. 

The downcast column would weigh 344·73 Ibs. temperature 60 0 

F. The upcast column, temperature 800 F., would weigh 315'34 
Ibs. for the 4750 ft. of air, and 25'38 Ibs. for the 250 ft. of carbon 
dioxide = 315'34 + 25'38 = 340'72 Ibs. 

Downcast pressure - U pcast pressure = Ventilating pressure 
substituting figures 344·73 - 340'72 = 4'01 Ibs., which under the 
conditions stated in the example would give 

Quantity = J 0'00;0; ~;~~320 x 160= 46,784 cubic ft. per minute. 

A difference of 36,816 cubic ft. due to the carbon dioxide. 
In this example I have taken 5 per cent. carbon dioxide which I 

think is more than anyone would knowingly allow in the main 
current, but at times there are odd working places that do contain 
this amount of carbon dioxide in the air. This example serves to 
show the bad effects of the heavier gases on the velltilation; it shows 
how it is that there is so mnch divergence in the results of tests of 
furnaces and fans, when the composition of the air is not taken 
into account. In these examples I have taken the co-efficient of 
friction at 0'005 lb. per sq. ft. of rubbing surface and a velocity of 
1000 ft. per minute, which I think is a fair value for the size of 
shafts and airways in use here. 

Natural ventilation is very unreliable; in cold weather the 
ventilation may be good and on warm days very bad, in some cases 
the direction of the current may be changed. To keep the 
direction constant and the quantity up to what is necessary 
artificial ventilation will be necessary in most deep mines. 

Furnace Ventilation.-In furnace ventilation the action depends 
on decreasing the density of the upcast air, by increasing its 
temperature; the heat from the fire eXIlands the air, rendering it 
lighter, and the colder and heavier air of the downcast displaces it . 
. The furnace should be set a few yards away from the bottom of 

the upcast, and connected by a rise drift to the upcast. As the 
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furnaces in the gold mines would all be in rock, only one arch would 
be much riecessary, they would be much less expensive to construct 
than in coal mines. As the amount of explosive gases is small, the 
whole of the return air could go through the furnace chamber. 

In very deep shafts furnaces should prove as economical as fans. 
By placing boilers underground for haulage, pumping, etc., 
ventilation would be most economically produced. If the mines 
prove to be too warm for comfortable working, ventilation will 
probably be produced by increasing the density of the downcast 
.air by cooling. The efficiency of a furnace increases the greater 
the height of the column of air above it; the quantity of air 
produced varies as the square root of the difference of temperature; 
the quantity also varies as the square root of the height of column 
above the furnace. A furnace would produce twice the amount of 
air at 4000 ft. as it would at 1000 ft. The amount of coal burned 
in the furnace would vary directly as the quantity of air, the 
temperature remaining constant. 

With fans, increase of depth would probably mean a smaller 
,quantity, owing to the increased amount of rubbing surface, and to 
double the quantity would mean eight times the consumption of coal. 

At the first glance there appears something wrong in saying that 
the furnace would only need twice the coal for twice the quantity 
of air, and that the fan would need eight times the coal for twice 
the quantity; the reason is the increased efficiency of the furnace 
at the greater depth, more of the heat being used. With fans there 
is no increase of efficiency with depth, quite the contrary. No rule 
can be given to determine the size of furnace necessary to produce 
a given quantity of air, as there are so many circumstances that 
exercise an influence preventing the formulation of any rule from 
which the quantity of air a furnace will produce can be calculated. 

The British Royal Commission appointed to inquire into 
accidents in mines, in their final report of 1886 say, with reference 
to the dimensions of furnaces: "For deep shafts the special ven
tilating furnaces which are used either simply or in combination 
with fire-grate, area of from 50 to nearly 200 square ft., and are fed 
by fresh air, or that derived from the purest of the return air, are 
capable of circulating volumes of air ranging from 200,000 to 
400,000 cubic ft. per minute." 

It is probable that the amount of coal necessary for ventilation in 
shafts 5000 ft. deep will be about 4 to 5 Ibs. per horse-power per 
hour with fairly dry shafts, also that one square foot area of grate 
surface will be equal to 2000 cubic ft. per minute. 
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In collieries there are several great objections to furnaces, 
"although there are many furnaces still in use," objections which 
are not so applicable here; for instance, the presence of firedamp 
setting fire to the strata, tubbing in shafts. Less heat will be 
required here because of the smaller quantities of air in circulation, 
a temperature of 1200 to 1300 F. in the upcast will be about as high 
a temperature as will be needed. 

Mechanical VentilatilJn may be effected by definite volume 
machines, centrifugal fans, or other ventilators. 

At shafts where the hoisting is done with skips, mechanical 
ventilation would be more difficult than where cages are used, as in 
collieries, because of the difficulty of closing the shaft top. 
. Amongst mechanical ventilators centrifugal fans hold first place, 
and I expect will be generally used here for mechanical ventilation. 
The action of a centrifugal fan depends on the first law of motion 
which embodies the principle that bodies in motion will travel in 
straight lines unless acted upon by external forces. When a fan 
commences to revolve the air within it begins to move towards the 
circumference and tends to create a vacuum in the centre of the fan. 
into which the air from the upcast rushes, the air in the downcast 
moving towards the upcast, a current thus being produced. 

Fan on Surjace.-When using exhausting fans the top of the up
cast must be closed by some arrangement that will prevent the air 
entering and still allow the skips to travel. A good arrangement 
would be to surround the top of the shaft with a chamber in which 
the dumping could take place; doors should be provided com
municating with the shaft and outside. In the dump a swinging 
door could be arranged so as to allow the rock to pass through to 
the boxes, and then close itself; this could be easily effected. With 
forcing fans the downcast would have to be enclosed and the 
swinging doors would need to be heavier (fig 2). In either case an 
arrangement, as sketched in fig 7, may suit. This is a self-closing 
door which has been adopted at Hetton colliery for mechanical 
haulage roads, and I think it could· be arranged to suit shafts. 
A.A. are two doors lying between two sets of rollers C. B.B. are 
iron bars. The cage ascending or descending, forces the bars back 
and with them the doors. The doors move back on the rollers into 
a space provided for them in the shaft side. After the cage has 
passed, the doors close of themselves. / I have here assumed that 
buckets inside cages will be used for hoisting and not wheeled skips. 
I only mention this last as an idea that may suit; later I intend to 
try a model and see how it will act. 
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In case of a mine using cages and cars a light bonnet for each 
compartment would be sufficient. 

Placing fans underground will recommend itself to some to avoid 
the disadvantage of closing the shaft top. The arrangement of the 
fan would be different in different mines according to the manner 
,of opening out. One way that would suit is shown in fig 6. Here 
the shaft is sunk below the reef far enough for a crosscut to the 
reef and for box room below the crosscut; double doors would be 
necessary in the crosscut. In placing the crosscut in the position 
shown I was thinking of the secondary hoisting being done by 
.endless rope and the cars coming to the main box. Where the 
secondary hoisting is done with incline skips the incline shaft would 
start from the vertical shaft, doors being fixed between the dumping 
place and the entrance to the vertical shaft. The fan should be 
placed in a chamber prepared close to the shaft; if the reef passes 
through this chamber so much the better, then the connections 
from the workings to the chamber can be on the ree£. Medium 
sized fans running at a fairly high speed are best; they are less ex
pensive to make, do not get out of order so soon, do not waste so 
much power in driving, and require less foundations and smaller 
engine-houses than the larger sized fans. Closed fans should have 
spiral casings and expanding chimneys so as to lower the velocity 
of discharge. Fans should be constructed for the quantity and 
water-gauge they are expected to work at. There is more loss 
working a fan at a lower water-gauge than it was designed for than 
there is in working it at a higher water~gauge than designed for. 
Fans should be designed for a medium speed, so that in case of 
emergency they could be speeded up. As regards fan tests, I do 
not remember ever having heard of or read of any reliable ones. 
Any fan dealing with the maximum quantity of air that it was de
signed for will do better than if dealing ,with a greater or less 
amount of air. 

To get a fair test of different fans they should be of equal capa
cities and tested under the same conditions; that is, they should be 
placed on the same mine. _ 

There are many fans on the market at the present time. The best 
known in the British Isles are the" Guibal," ""\Vaddle," "Schule," 
"Capell " and" vValker's Indestructible." 

OOltTsing the Air.-To get the greatest quantity of air with the 
least expenditure of power under same conditions as regards size 
of air roads, splitting must be resorted to. Splits should start as near 
the downcast as possible, and finish as near as possible to the up cast. 
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To cause the air to keep in the desired course, doors, brattices,. 
stoppings, regulators, and air crossings will be necessary. 

vVooden doors should be used where the ventilating pressure is 
strong. Doors are necessary where a current has to be deflected 
from one road into another. It is much better to keep them off' 
haulage roads if possible; but, as under the conditions of mining 
here both intakes and returns are, and will be, used for haulage· 
purposes, it would be better policy to use heavy cloth doors instead 
of wood doors, where conditions will enable this to be done. 

BTUttice.-In a stret or narrow place such as a shaft, drive, rise,. 
or winze, if artificially divided for ventilation purposes, it is said to 
be bratticed; such brattice may be either-

1st: ,Vood sheeting, as often seen in sinking shafts, consists. 
of boards a half inch or so thick of suitable width and length. In 
shafts it is generally fastened to the dividers: in drives, etc., posts. 
would have to be set at suitable distances to nail the sheeting to. 

2nd, Cloth: The ordinary brattice cloth consists of a coarse canvas, 
tarred to prevent decay and to fill up the mesh to prevent the air 
leaking through; oilcloth is sometimes used for the same purpose. In 
drives this is fixed like any ordinary canvas screen on posts, at regular 
distances apart, a strip or lath of wood is nailed to the posts as close 
up to the top as possible, the top edge of the cloth being nailed to· 
the lath; any irregularities in the roof are filled with old cloth, etc. 

3rd, Pipes: Iron, wood, cloth, or' clay pipes are sometimes used 
instead of bratticing. Iron pipes are made from sheet iron or 
steel, tarred or galvanised and the joint riveted. They should' be 
made with one end, a tapered spigot, the other eud being of the, 
usual diameter, and strengthened with an outside hoop as shown in 
fig. 4. The joint of the two· pipes as a rule fit very close, if not, a 
little clay will prevent leakage. Iron pipes are of round section. 
Wood pipes are generally of rectangular section and should be· 
fitted with a spigot and socket joint. Cloth pipes are very handy, 
but will not ventilate so far as iron pipes will. They are of 
circular section, iron or wood rings keep the pipe distended 
when stretched out. They are hung up by the rings. 

Clay drain pipes have been used for ventilating in drives, etc., 
in England, but I cannot see any opening here for using them for 
the same purpose. 

4th, Brickwork: Brick walls have often been used as bratticing .. 
I have known a case, a tunnel' 1700 yards long being driven and 
a new seam being opened out, the tunnel being divided into intake 
and return by putting in a brick wall brattice. For long distances. 
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it is the best thing that can be done, except driving two separate 
roads. Brick walls make a very substantial brattice, but would 
only be used in long crosscuts for exploring purposes. 

Stopings will be very necessary in the ventilation of deep levels 
and may be brickwalls, wood, brattice cloth, or heaps of waste 
rock. 

Air-crossings will be necessary to carry one current of air over 
another to prevent intermixing. The crosscuts to shaft boxes in 
inclines will make good air-crossings oyer the shafts as shown in 
fig. 3. 

Regulators will be necessary to prevent too large a quantity of 
air going into certain districts. On haulage roads a regulator can 
be made by putting in a wooden door and arranging it so that it 
could only close so far as to still allow the required amount of air 
to pass; or short brattice cloths may be hung from the roof, the 
required quantity passing underneath; or a wood door having a 
sliding shutter could be put in. If the road was not wanted for 
haulage purposes it could be partially closed with waste rock or 
boarding. 

The mines of the future should be laid out so that the haulage, 
drainage and ventilation harmonise as far as possible. In the deep 
level mines large areas will be in operation at one time to provide 
rock for the large mills that are sure to be put up, which means 
that in all probability more men and machines will be employed on 
a given length of face than at present, also more air will be required. 

To get the best effects from the air supplied, it should be guided 
close to the faces, and the best way to do this will depend greatly 
on the manner of working the stopes. 

The general plan of ventilation would be as follows (see fig. 3) :
The air would enter by the downcast shaft, pass down the 

incline to the bottom level, there split one part travelling east and 
upwards to the top level, passing over the incline shaft and on to 
the up cast shaft. The other part travels westwards, part going 
through the stopes between the shafts and so on to the upcast, part 
goes on over the shaft into the western part of the miDe and is 
coursed back to the upcast. The air is coursed through the stopes 
as shown in fig. 3. 

In ventilating shafts, drives, etc., I think it best to make the 
smaller division the intake, except where compressed air machines 
are used; the face would be cleared sooner after blasting. Of 
course the smoke would linger at some distance from the face, but 
that would not matter so much, as it would be partly diluted. It 
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would be much different if we were dealing with explosive gases; 
in such cases it is often better to make the smaller division the 
return, so that the gases if moved from the face would be taken 
right out of the place with the swifter current. 

So long as compressed air machines are used for driving work, 
the exhaust air will be a great help to the ventilation. 

In driving stret or narrow work with compressed air machines, 
it might be best to ventilate with iron pipes, as shown fig. 5, fixing 
a small jet to blow into the pipes which would induce greater 
current in them. In this case the pipes would be the return. _ 

Iri drives there is very little room for ventilating pipes of any 
size, but if an extra hole were put in at the top of the drives, the 
pipes could be put in the channel formed, and would be in a 
measure protected as shown in fig. 5. 

In this paper only one reef has been dealt with. With two or 
more reefs close together it would be very much the same, the 
'necessary air for the upper seam passing through the box holes or 
crosscuts to the upper seam. With reefs a good distance apart each 
reef could be trea,ted as a separate mine, having its own intake and 
return. ' 

In this paper I have not been able to do justice to the subject, 
but as I expect a fair amount of discussion on it, in which many 
important points will no doubt be raised, I may be able to supple
ment it in my reply. 

DISOUSSION AT DEOEl\IBER lIIEETING, 1903 ' 

Mr T. L. Carter-Mr Johnson has given us a succinct and 
valuable contribution on that much neglected subject-mine 
ventilation. I hope Mr Johnson knows more about the actual state 
{)f air of the Rand gold mines than any of his readers, for, if he 
does not, his knowledge is" I am afraid, rather inaccurate. The 
usual way of examining the ventilation is to take the cross sections 
{)f all downcasts and upcasts and a set of readings, by the anemo
meter, extending over the vast period of an hour. On these data 
the ventilation of the mine is worked out. 

I hold that the result is unreliable and inaccurate. Depending 
as we do so much on natural ventilation, it follows that the amount 
of air entering and escaping from a mine must vary as the conditions 
vary, namely (as Mr Johnson points out), the difference in temper
ature above and below ground, direction of wind, etc. On two 
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successive days I found a difference of nearly 35 per cent. in the 
velocity of an upcast current of air. The cross section was 30 sq. 
ft. On the first day the velocity was 400 ft. per minute; on the 
second day only 260 ft. per minute. Substitute in formula q =av 
we have the quantity of air passing per minute on the first day 
12,000 cubic ft.; on the second day, 7800 cubic ft. From this it is 
seen that observations extending over a long period are necessary 
when natural ventilation is so largely depended upon, to investigate 
the ventilation of any mine; a few readings for one day only will 
not do. 

No doubt, the reason for the little attention that has been given 
to ventilation on the Hand is due to the fact that compressed air 
plants are universally used, and these are looked upon as supplying 
sufficient air to the underground workings. 

Were it possible to obtain an electric drill as equally efficient 
as the air drills, no doubt the ventilation of mines would obtain 
greater consideration. It takes nearly 8 horse-power to run an air 
drill. An electric machine to give the same effect would require 
between 2 and 3 horse-power. The difference between 2 and 8 
horse-power would allow ample margin for the erection of an 
elaborate ventilating plant. The man who can get out an electric 
drill which will compare favourably with every good point of the 
best made air rock-drill, has a fortune awaiting him. 

The bearing of mine illumination on the ventilation question is 
.an important point to consider. Other things being equal, the 
jJlulllillant which causes the least vitiation of the atmosphere should 
he It(lopte(l. Thc old paraffin flare lamp is one of the favourite 
moth ods of lighting up the stations. If you have ever worked in a 
drive with a paraffin flare lamp a few hundred feet from a cross
(mt, 'yon fonnd that in less than a quarter of an hour either you or 
111(\ IalllP }uul to go out. On some mines acetylene lamps are being 
111-1IId illHtond of a flnre lamp. One of the greatest advantages of 
olodl'in lighiH in a mine is that they do not contaminate the mine 
atllloHpll(:l'O. When possible, therefore, electric lights should be 
iIlHtall(:d. 

Tho vontilation of some mines is helped considerably by the 
amo"nt of watcr running down the shaft. In fact, waterfall 
vcntilation is both chcap and efficient. The trompe or waterfall 
vontilator is often used for ventilation where the lower level is 
Hituatcd above the drainage level of the district, The principle of 
thc trompc is that the water in a rectangular tube made of wood is 
lll'oken lip into spray, As the drops fall, a partial vacuum is pro-
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duced in the rear,' which causes an inrush of air into ports suitably 
placed in the tube. The trompe is placed in the downcast shaft. 
and acts as a blower. 

Mr Johnson has a high opinion, apparently of furnace ventilation .. 
If I may be allowed to say so, I do not think furnace ventilation is .. 
the best practice, and, therefore, its use on deep level mines of the· 
future will be limited. Sir O. Ie' Neve Foster, in his book on 
Mining, on page 499, says, in speaking of furnace ventilation, "in 
the vast majority of cases it is confined to the domain of the coal 
miner, and even there is being gradually replaced by fans." 

Mr Johnson says: "If oxygen is reduced by 2 per cent., it is. 
only just capable of supporting the flame of a candle." In this. 
connection I should like to ask Mr Johnson if he has observed any 
effect this polluted air has upon Kaffirs working in a winze. I have· 
noticed hammer boys at work in a deep winze where a candle would 
scarcely burn. If you turned on a current of air the boys were, 
highly indignant, because their candles would burn so fast that they. 
could save none of them to take up to the compound. 

If the amount of air required by the Transvaal Mine Regulations; 
1898, namely, 70 cub. ft. per person per min. is supplied, the ven· 
tilation of a mine is amply provided for. We have no deleterious. 
gases given off in the mines, and 70 cub. ft. per person per min. is. 
high when compared with 100 cub. ft. per person per min. in the· 
Bituminous Mine Law of Pennsylvania. 

In regard to the motive column, it may be well to remember 
that the erection of a stack over the upcast shaft increases the, 
height of the motive column. 

Mr Johnson's remarks on brattice work are interesting. 
Bratticing in a Rand gold mine is more difficult than in a coal 
mine, on account of the use of blasting gelatine, which hurls the· 
rocks with such force and causes such concussion. For this reason, 
it seems to me pipes would prove most serviceable for bratticing. 

I think we owe our thanks to the author of this paper for 
bringing up the important subject of ventilation. Like the problem 
of hoisting from great depths, which has been so ably discussed,. 
this question of ventilation might not be such a pressing or difficult 
one just now, but the day will come when the problem must be 
faced. May this paper and the discussion thereon prove of some
service in solving the problem of ventilating deep level mines. 

Mr H. Leupold-On the subject of Mr Thos. Johnson's paper,. 
which is assuming ever greater importance as our mines extend in: 
depth, I would wish to make a few observations. 
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I think that data derived from gaseous coal mines should be· 
absolutely excluded as irrelevant when estimating the volume of 
air required in Witwatersrand gold mines. Two cubic metres per 
person per minute, as fixed by the Transvaal Mine Regulations, 
1898, may be considered an exceedingly ample supply here, and I 
doubt if in any ore mine elsewhere provision is made for more, except 
where other causes contribute to render the rock abnormally hot. 

The Witwatersrand mines present the most favourable ventilating 
conditions, for their low rate of increase of temperature and the 
possibility of working most extensive stopes without the necessity 
of any filling and with a practical absence of timber does away with 
two important causes of fouling the air in most other mines. 

As to furnaces, I should hardly think that this method will be 
revived on the Rand, unless a special circular shaft could be sunk 
or a chimney built of steel in one of the compartments. Noone 
is likely to turn an expensively timbered shaft 5000 ft. deep into· 
a smoke-stack. On a smaller scale, however, in sinking a prospect
ing shaft 3 ft. 6 in. by 8 ft. clear to 400 ft .. and driving some 300 
ft. either way, I have obtained quite sufficient ventilation by 
furnace as follows :-

By hanging a 12-in. galvanized iron pipe down the shaft and 
placing a kerosene lamp near the bottom so that all products of 
combustion had to enter the pipe by a short branch fitted with 
narrow adjustable opening, with the rising column at 100° F. and 
the descending air in the shaft at, say, 60° F., barometer 24 in., a 
suction pressure of about It Ibs. per square foot was obtained at 
bottom of pipe. 8-in. branch pipes led to either heading, the air in 
which was usually between 80° F. and 90° F. A fair upcast 
current, when once started in the pipe, kept up in winter without 
any lamp at all. There were ten men per shift underground. 

For a 200 stamp mine, employing 1500 men per shift under
ground, I doubt if anything less than a 6 ft. circular untimbered 
shaft, to serve as a chimney only, would be found sufficient to pass 
105,000 cubic feet per minute. 

We cannot be sure that ordinary chimney formulre would prove 
applicable to a height of 5000 ft. 

Mr W. E. C. Mitchell- I should like to have the facility 
accorded me, at some future date, of contributing to the criticisms. 
on Mr Johnson's paper. I am interested in some experiments now 
being carried out by a Commission, but at present I am not in a 
position to offer any criticism whatever. I may mention it IS a. 
(}overnment Commission. 
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Mr A. MeA. Johnston-One little point has struck me, namely, 
whether a Kaffir will work at the same capacity with proper ventila
tion, that is, if he would be just as hard a worker in a strong draught, 
and do the same amount of work as under present conditions. 

Dr W. C. C. Pakes-I feel that this is a very important subject, 
and one that should be discussed, and thoroughly discussed, by the 
Society, but my mouth is more or less shut because we are in the 
middle of certain investigations on behalf of a Government 
Commission on the ventilation of mines, and, unfortunately, we are 
not yet able, from the condition of affairs, to give to this Society 
the information at our disposal. I therefore think it would be 
better not to close this discussion, although there has not been 
much hitherto. I know that a good many of us have something to 
say on the question of ventilation in deep level mines, but, un
fortunately, we are not able at the present juncture to do so. As 
regards the remarks of the last speaker, I should like to remark 
that it almost goes without saying any warm-blooded animal, white 
or Kaffir, who is working in a vitiated atmosphere, charged with 
carbon dioxide and carbon monoxide, cannot possibly do the same 
amount of work in the same time as if he were supplied with the 
proper modicum of oxygen. That applies to all warm-blooded 
animals in the ordinary course of physiological fact. We all know, 
of course, that the Kaffir likes to shut up every hole in his bedroom 
in order to keep warm j and I am not prepared to say that he does 
not, therefore, render himself more liable to the various diseases 
existing amongst natives. But, as to his working capacity, with 
proper ventilation, there is no doubt he will be able, in a given 
time, to do more work than when breathing a vitiated atmosphere. 

Mr C. B. Saner-I agree with Dr Pakes, and hope you will not 
dose this discussion. '1Ve expected the discussion of Mr Denny's 
paper to last some time, and most of us have brought no facts or 
evidence forward with reference to ventilation. I am sure a good 
many of us could bring a few facts toward it. 

The PreBident-I may say, in answer to Dr Pakes arid Mr Saner, 
that it was not my intention to close this discussion this evening, 
because more than one member of the Society has intimated his 
intention of contributing towards the discussion, but they were all 
under the impression that there was going to be so much discus
sion on Mr Denny's paper, that they are not ready for this evening; 
but here I should like to quote the axiom which our ex-President 
laid down in his valedictory address; "Therefore be ye always 
ready." 
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JAN. 1904] Viliation of the Mine Atmosphere 

DISCUSSION AT JANUARY MEETING, 1904 

Prof. A. Prister-The question of the ventilation of a mine has a. 
special attraction for the chemist here on the Rand, and notwith
standing that it has been discussed and re-discussed, we can always 
find som,e new points worthy of study. 

Mr T. Johnson's paper does not present many points for criticism, 
and I will therefore make some observations more with a view to 
complete it than anything else. 

Mr Johnson says, on page 238: "I believe it would be much 
better to fix the quantity of air according to the quantity of dangerous 
gases allowable in the air of any working place; this is what the 
modifying clauses of the different mining laws aim at, but they do 
not define any danger point, which leaves the management of the 
mines in great uncertainty as to what is required from them." 

I fully corroborate that this should be the guiding star. In Mr 
Heymann's paper 1 and its discussion we find those indications, and, if 
you allow me, I will also take some figures from a paper I read myself 
in 1898 before the Association of Mine Managers, "How the atmos
phere of a Rand mine is vitiated." 

I made there a practical calculation for a mine extracting 300 
tans of mineral and waste in 24 hours. . 

EXPLOSIVES.-It is generally admitted that 1 lb. of explosives is. 
required for each ton of mineral extracted. 

Also 300 x 1 = 300 lbs. of explosives in 24 hours for the mine we 
are studying. The explosives will produce :-

36'7113 x 300 
2'2 

carbon dioxide. 

5,006 cub. ft. of gas, 58'2 per cent. of which is. 

The quantity of carbon 

5,006 x 58'2 = 121'4 cub. ft. 
100 x 24 

dioxide produced per hour IS. 

MINERS.-In taking 125 miners for the 24 hours, or about 10 
miners per ton an hour, the total quantity of carbon dioxide pro
duced by the miners is 125 x 2'10 = 262'5 cub. ft., or 11 cub. ft. 
per hour. 

CANDLEs.-The quantity of carbon dioxide produced by the 
candles is calculated in taking 200 candles. The total quantity is 
200 x 2'52 = 504 cub. ft., or 21 cub. ft. of carbon dioxide per hour. 

FUSEs.-For the fuses it is calculated by taking 5 shots an hour 
and employing 3 ft. of fuse per shot. 

1 "Some Mine Gases," this volume, pp. 11-90. 
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254 T. Johnson: Ventilation of Deep Levels [JAN .. 1904 

2m. (6'37 ft.) of fuse weigh about 44'9 gram. and produce llO 
litres or 3'559 cub. ft. of carbon dioxide. 

I 3'6 x 5 9 b f f b d"d h n our case 2 = cu. t. 0 car on lOXI e per our. 

RECAPITuLATION.-The carbon dioxide produced in an hour is-
(1) By the miners 1l'0 cub. ft. 6'8 per cent. 
(2) By the candles 21'0" 13'0'" 
(3) By the explosives 121'4" 75'1 " 
(4) By the fuses 9'0" 5'1 " 

102'4-" 100'0 " 
If we will dilute those 162'4 cub. ft. of carbon dioxide to 0'5 per 
cent. of carbon dioxide we want 33,500 cub. ft. of fresh air per hour. 
This air would contain over ten times as much carbon dioxide as 
the normal atmosphere. To dilute those 162'4 cub. ft. of carbon 
dioxide to 0'1 per cent. of carbon dioxide-also 2-k as much carbon 
dioxide as the normal air-we want 162,400 cub. ft. of fresh air per 
hour, or 2706 cub. ft. per minute. 

The Transvaal Mine Regulations oj 1898 prescribe 70 cub. ft. of air 
per minute for each and every person employed underground; in 
our practical case for 125 miners, 8750 cub. ft. of air are needed. 
From this you see that the presoribed quantity of air is certainly 
not an excess, and that if 30 per cent. is really penetrating to the 
working places it will reduce the percentage of carbon dioxide only to 
0'1 per cent. A very interesting question is, how much air is vitiated 
if even only a fraction of the explosives burn instead of properly ex
ploding. In my paper on the manufacture of nitro-explosives I 
read before you, I mentioned the most interesting studies of 
Sarrau and Vieille. They found that the gaseous products of the 
burning nitro-glycerine are-

Carbon dioxide 
Carbon monoxide 
Nitrogen peroxide 
Hydrogen 
Nitrogen 
Methan 

12'7 per cent. 
35'9 " 
48'2 " 
1'6 " 
1'3 " 
0'3 " 

In order to simplify the calculation we will admit that 1 lb. of nitro
glycerine produces in burning the same quantity of gaseous 
products as when it explodes. vVe know that the nitro·glycerine 
,(or blasting gelatine) will burn instead of exploding-
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(1) By overcharging the drill holes; 
(2) If it is bad blasting gelatine; 
(3) By improper charging; 
(4) By using too weak or moist detonators. 

We will admit that such bad conditions occur in the mine 
we are studying in connection with one-tenth of the explosives 
employed. I fear that sometimes this quantity is in practice largely 
surpassed, and I would ask you to remember the analysis of the 
gases made and published by Mr A. Heymann. Our mine consumes 

300 = 12'5 Ibs. of blasting gelatine per hour. In our admitted case 
24 . 
1'25 Ibs. of the explosive used does not explode completely, but 
burns. This 1'25 Ibs. of explosive produce 20'9 cub. ft. of bad 
fumes, which contain-

Carbon dioxide 
Carbon monoxide 
Nitrogen peroxide 

2'65 cub. ft. 
7'50 " 

10'07 " 

According to Dr Haldane, a proportion as small as 0'2 per cent. of 
carbon monoxide in the air is sufficient to produce symptoms of 
poisoning. The peroxide of nitrogen is a much more dangerous 
gas, hnt wc will take it as equal to the carbon monoxide. The 
17·m wh. ft. of carbon monoxide and nitrogen peroxide produced 
Ii'y I ':!:i luH. of cxplosive, which burns instead of exploding, are also 
·nillil:il·lIt to rencIer 8'785 cub. ft. of air absolutely unfit for 
III'I'a1 hill:';' To make this impure air fit for breathing it must be 
tli11111,,1 :11, lc';JHt to 0·02 per cent. ; that means 87'850 cub. ft. of 
fl'I::.11 :Ii!' PClI' \tour. This demonstrates the enormous influence that 
:L :,,":tli II'I:1I1tity of unexploded blasting gelatine has. If all the 
Id:d ill:~ golaLillo omployecI in our mine explodes, we want 24'280 
,., Ii I. II. "r 1"'1:,,11 air per hour to bring it to 0'5 per cent. of carbon 
d 110 \" II'. I r (J1I1'y I '~l!) IhH. of hlasting gelatine does not explode, but 
1,,,,·,, , III' 11:1111 IIc·arly H7'H!)0 cub. ft. of fresh air per hour. The 
'1'1:1111 ily (Jf :Iii' vi1 i:l1l:cl hy the explosivcs is larger than that vitiated 
11'y II". "Ii'II'I':; alld tho c:anclleH. 

,\:; II,,: dl:ll:l'lllillaliol\ of the carbon dioxide in the mine atmos
pho!'n C'JlIl gi VCl a I'CIlatively good idea of its fitness for breathing, I 
II ill 1nkl: fi'l)lII Uw valuahle book of Lane Notter and R. H. Firth 
"'I'hnlll',Y ILl II I l'r:u:ticle of Hygicnc," Cohen and Appleyard's method 
,iI 1':1 illlatilig l'arllol1 dioxille. 

'1'111: Illot lwei clcpelHlH upon the fact that if diluted lime-water 
,·"I(JIII'C:d with phcllol-phthalein, and containing insufficient lime t~ 
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256 T. Johnson: Ventilation of Deep Levels [JAN. 1904, 

combine with the carbon dioxide present, be shaken with the air 
sample, the rate of absorption of the gas will vary with its volume. 
The time required to decolourise the indicator will therefore give 
the quantity of carbon dioxide present. 

The following apparatus and chemicals are required :-(1) A· 
clear glass-stoppered bottle of 22 fluid ounces capacity; (2) some 
phenol-phthalein solution prepared as stated below; (3) a standard 
lime solution prepared by diluting 10 c.c. of saturated lime· water 
to a litre. 

The process is conducted as follows: Rinse the bottle out with 
water; fill it with water and empty in the place where the air is 
to be examined, allowing it to drain for a minute; add 0·25 c.c. of 
indicator solution and 10 c.c. of the dilute lime water, finally 
stoppering and well shaking the bottle with both hands until the 
pink colour vanishes. The time required will indicate the condition 
of the atmosphere. The following determinations have been made, 
in which the amount of carbon dioxide has been ascertained by 
Pettenkofer's method :-

Time in minutes required 
to decolourise the 

solution. 

Ii 
It 
I! 
3i 
3! 
4 
4i 
5 
5t 
6t 
7t 

Percentage of carbon dioxide 
by Pettenkofer's 

method. 
0·160 
0·138 
0·128 
0·077 
0·070 
0·053 
0·051 
0·046. 
0·044 
0·042 
0·035 

On this basis the following table may be taken to indicate roughly 
the condition of the air :-

Time. 
Under 3 minutes . 
Above 3 minutes and under 5 
Above 5 minutes . 

Condition of air. 
Bad. 
Fair. 
Good. 

To prepare the solution of phen<;>l"phthalein, dissolve 5 grams 
of phenol-phthalein in 25 c.c. of spirits of wine and dilute to 
500 c.c. with distilled water. 
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A second point of Mr Johnson's paper which attracted my 
attention, is the suggested use of a furnace for ventilation. He 
says" that in very deep shafts furnaces should prove as economical 
as fans." 

A prima vista, this suggestion is a very good one. To create the 
motive power (heat) directly in the gas which has to be raised 
without the help of any intermediate machine, must certainly be 
very effective and economical. To transmit motion directly to the 
gas, we must raise the temperature of those gases. The air cannot 
be heated directly by radiation because, as it is well known, the 
heat passes through the air without much loss. We can heat the 
air only by contact between the air and the combustible, the air 
and the furnace, or by contact with the heat carried by the products 
of combustion. 

The maximum of heat is obtained by the most complete combus
tion. A simple furnace, I fear, will not do, but the best obtainable 
will be necessary. We must also avoid, as much as possible, the 
making of smoke, as this would render the shaft quite useless for 
ordinary work. The best results, I think, would be obtained by a 
complete gasification of the combustible, and then combustion of 
the same. In reality, the ideal furnace would be an electrical one, 
if we only knew how to transform the greater part of the electric 
energy into heat; but this is a problem which has not yet been 
solved. 

If we adopt the idea of Mr Johnson and place boilers under
ground, with the idea of utilising the heat for raising the tempera
ture of the gases in the upcast shaft, either the boilers or the 
ventilation must suffer. If the boilers are to be effective, we must 
utilise the heat in the boiler as much as possible, that is to say, we 
must keep the waste gases as cool as possible. But if we do this, 
where is the energy for raising the temperature of the mine gases 1 

We must also not forget another drawback of the furnace ventila
tion, namely, that we are increasing the quantity of heavy gases 
which must be raised. If 11 is the average weight of the air 
necessary for the combustion of the coal, 23 is the average weight 
of the products of the comb~stion expressed in kilograms. . 

Mr J. F. Bagshaw-I think we may all very heartily concur with 
Mr Johnson's opening statement, "The efficient ventilation of the 
deep level mines is a matter of. great importance." 

When using candles we cannot have a very high velocity of air 
current, as half a foot per second will deflect the flame of a candle, 
and three feet per second will cause a candle to gutter badly. 

R 
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Furnaces have many advocates on account of the cheapness of 
upkeep, especially on a colliery, but I heartily agree with previous 
speakers in thinking, no mining engineer on the Rand will turn 
an expensively timbered shaft 5000 ft. deep into a chimney stack. 

The following note bears out Mr Johnson's allowance of 2000 
cubic ft. air per sq. ft. grate area: "At Shire Oaks Colliery; South 
Yorkshire, shafts 1545 ft. and 1590 ft. deep, a furnace consuming 
6 tons slack per 24 hours upon a grate surface of 72 sq. ft. main
tains a circulation of 120,000 cubic ft. air per minute." 

COST.-As to comparative cost per horse-power per hour, the late 
Mr Morrison in the "Transactions of the North of England 
Institute of Engineers," VoL XIX., showed that with furnaces 
it varied from the third of a penny to threepence halfpenny, 
.whereas with fans the working cost was only one-eighth of a penny 
per horse-power per hour. 

Unfortunately, these comparisons, whilst interesting, are of 
little value, as the depths are not given, nor is it stated whether all 
are reduced to a common basis. 

In stating "1200 to 130" F. in the upcast will be as high a 
temperature as will be needed," I do not think Mr Johnson has 
made any allowance for loss of temperature from friction, strata, 
etc.; in the up cast this would exceed 10 F. for each 50 ft. of 
ascent. 

In preference to a furnace I would rather suggest an exhaust fan 
.placed at the bottom of the upcast, thus exhausting all the foul air 
from the workings and delivering into the upcast. The fan could 
easily be driven electrically from the surface. 

The advantages of ample and systematic ventilation are not to be 
measured only by the low percentage of deleterious gases present, 
but another very important criterion of the foulness of the air is 
the amount of oxidisable organic matter it contains, nor do I believe 
any system of ventilation will ever give satisfactory results unless 
it be combined with a proper system of compulsory sanitation. 

REPLY TO DISCUSSION READ AT THE FEBRUARY MEETING, 1904 

Mr T. Johnson-In reply to the discussion on my paper, I 
must say I am disappointed at the small amount; I thought the 
subject was more interesting than it seems to be. 

Most of the contributors to the discussion seem to think that the 
ventilation of mines by furnaces is a \v'iId idea, from their unanimity 
in saying no engineer on the Rand will think of turning an 
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expensively timbered shaft into a smoke stack; this only shows 
how people keep travelling in a groove. I wonder do they think 
of a time when the engineers of the Rand will use some other lining 
than timber for their shafts. I venture to predict a change in the 
sinking and lining of shafts in the near future. As to the amount 
of smoke, if we only take a little notice we shall see there are 
many boiler plants in operation where a good tonnage of coal is 
burnt and very little smoke produced; it is only a matter of the 
furnace and the making up of one's mind. The manner in which 
most of the contributors to the discussion have tackled the question 
would lead anyone to suppose that no other method of ventilation 
except furnace had been mentioned. 

I have seen a large amount of furnace ventilation and not much 
,difficulty about it, also fan ventilation, and if it were not for 
the danger of explosions and setting the seams of coal in the 
vicinity of the fUl'llaces on fire, furnace ventilation in coal mines 
would be in even greater favour than it is at present. 

I have seen both men and coal hoisted in furnace shafts. Of 
course, regular hoisting of men in a furnace shaft is not what I 
would propose; I mention the fact to show what has been and 
is, I believe, done at the present time. 

Personally I am not advocating any special method of generating 
a ventilating current; I always try to fit round pegs into round 
holes and I leave it to the Rand engineers to do the same. I think 
they will use the method that will best suit their own particular 
cases. Saying that no engineer on the Rand will turn an expensively 
timbered shaft into a smoke stack is no argument against furnace 
ventilation in general. 

Mr T. L. Carter, in his contribution, remarks that the ventilation 
of some mines is helped considerably by the amount of water 
running down the shaft, in fact, waterfall ventilation is both cheap 
and efficient. Very few of us would start to ventilate a deep level 
by falling water. As to the efficiency of the trompe, it equals, say, 
about 13 per cent. 

Mr Carter thinks I have a high opinion of furnace ventilation; 
so I have. I also have a high opinion of fan ventilation, but I 
would not use either method indiscriminately, but use the method 
which I thought best suited the conditions of any particular case. 
He also asks if I have observed the effect polluted air has upon 
kaffirs? I have very often, and it is not beneficial; as we all 
know, loss of oxygen has a suffocating effect. I have known boys 
work on until the candle would not burn, and the boys have had to 
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be carried out, generally the effect of the presence of carbon dioxidtl" 
in the atmosphere. 

I have also known boys to be put out before the candles, gener
ally the effect of the presence of carbon monoxide in the atmosphere. 
In both these cases I believe more oxygen is present than in the 
ordinary atmosphere; but the trouble is, it is not free. 

In regard to Mr Carter's remarks on motive column, ·it would be 
instructive to him to calculate the benefit to be gained by building 
a stack 100 ft. high, and of the area of the upcast. On the top of 
an upcast shaft 5000 ft. deep, he would find it come out at just 
under 1 per cent., not sufficient to warrant the necessary expendi
ture for the stack. I should have mentioned these things in the 
paper if they had been worth the trouble. 

I quite agree with him that pipes are the best for bratticing in 
the mines of the Rand, where the drilling is by machines. 

With regard to the remarks of Mr Leupold re data derived from 
coal mines, I do not think he could have read my paper carefully, 
for I do not remember expressing any opinion as to the amount of 
air necessary, as anyone would infer from his remarks. 

On page 238 he will find that I said: "The quantity of air 
required for efficient ventilation cannot properly be fixed at so 
much per person for each and every mine;" also 011 same page: 
"The quantity of air going into a mine is not a measure of the 
efficiency of the ventilation." 

My own opinion is that the quantity of air should be sufficient 
to render the workings in a fit state to work and travel therein. 

I cannot agree with Mr Leupold's remark about extensive stopes 
without filling being a favourable condition for ventilation, for the 
greater the area the less motion in the air, and motion is necessary 
for ventilation. 

Mr Leupold doubts if anything less than a 6 ft. diameter shaft, 
5000 ft. deep, would be found sufficient to pass 105,000 cubic ft. per 
minute. 

I rather doubt that myself, considering that the velocity would 
be 3713 ft. per minute, equal to 42 miles per hour, the pressure per 
sq. ft. necessary would be-if using my co-efficient of friction of 
0'005 lbs. per sq. ft. of rubbing surface and a velocity of 1000 ft. 
per min.-equal to 229'7 lbs., and the horse-power 730 for this shaft· 
alone. 
. If he chooses to use the co-efficient /of friction, proposed by a 
much quoted authority, that is Atkin~on's, the pressure per sq. ft. 
would equal 996'8 lbs., and horse-power 3168. It can be seen 
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why I doubt the above statement when it is considered that 25 Ibs. 
is fairly high. . 

I thank Prof. Prister for the figures he gives to complete my 
paper. Many of us will find the figures very useful, but I must 
say a few words in regard to his last paragraph but one, where he 
says: "If we adopt the idea of Mr Johnson and place boilers 
underground, with the idea of utilising the heat for raising the 
temperature of the gases in the upcast shaft, either the boilers or the 
ventilation must suffer. If the boilers are to be effective, we must 
utilise the heat in the boiler as much as possible, that is to say, we 
must keep the waste gases as cool as possible. But if we do this, 
where is the energy for raising the temperature of the mine gases 1 " 

In this connection I should like to point out that at the present 
time we get a current pressure in our boiler chimney stacks from 
the energy of the waste gases; we should do the same under
ground. 

Even when we had done our best to get the heat from the gases 
for the raising of steam and the heating of the feed-water, the 
waste gases would still be of a much greater heat than the mine 
air, probably 3000 F., and would liberate energy for the production 
of a ventilating current. Further, the whole of the air necessary 
for the combustion of the coal under the boilers would have done 
service as a ventilating current before reaching the boilers. 

There is a possibility that the heat from the waste gases of the 
coal burnt under the boilers would not be great enough to create a 
sufficient ventilating pressure, in such a case it would be necessary 
to erect a separate furnace to make up the deficiency. 

Mr Bagshaw in his contribution, speaking of the costs, mentions 
that these comparisons are of little value. That is a fact. One 
reason for this is that in many collierics the furnaces are fed with 
fresh air from the downcast. This amount of air is never in the 
workings, but, nevertheless, it occupies space in both shafts, and 
uses up more heat per cubic ft. than the air that has passed through 
the working. Under such conditions the efficiency of a furnace 
would not be so great as where the furnace was fed by the return 
air current, as would be the case in the mines here. 

Mr Bagshaw takes exception to my figure of 1200 to 1300 F. 
being as high a temperature as needed. The loss of temperature 
would not be anything like as heavy as he mentions, the only loss 
that cannot be prevented would be due to cooling by contact with 
the shaft sides, and that would only effect a thin stream on the 
shaft sides, and only in proportion to the difference of temperature. 
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The President-Mr Johnson seems to consider there has been 
insufficient interest taken in his paper on ventilation, and I may 
say I agree with him in one respect, but I think the better view to 
be taken of the discussion on ventilation would be that it is rather 
a postponement. The subject of the ventilation of deep level mines 
is a problem which is certainly not going to be finished in this 
room. I had hoped that the results of the Commission appointed 
by the Government would have been concluded before the dis
cussion on this paper was finished, but I believe they are still work
ing, and I think the only thing we can do is to let the matter stand 
over until we have more data on the subject. 'While on the subject 
of ventilation, I might state that Mi- Heymann has been good enough 
to bring an Orsat-Lunge apparatus this evening so as to analyse 
the gases existing in this room while you are here. 

Mr A. Heymann-subsequently gave the results of his analyses. 
of the gases existing in the Council Chamber, as follows :-

From the first sample taken at 8.30 p.m.
Carbon dioxide 
Oxygen 
Carbon monoxide 
Nitrogen (by difference) 

From the second sample, taken at 9.45 p.m.
A slight increase of carbon dioxide 
Oxygen 
Carbon monoxide . 
Nitrogen (by difference) 

0'20 
20'25 
Free 

79'55 

0'225. 
20'200 
Free 

79'575 

Mr Heymann, commenting on the above, said the air was much 
clearer in the room that night than it usually was. In reply to a 
question from Mr Cullen, Mr Heymann said the carbon dioxide 
was about four times more than the normal. 
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VII 

THE PRECIPITATION OF GOLD FROM CYANIDE 
SOLUTIONS 

By W. A. CALDECOTT AND E. H. JOHNSON (MElIIBERS) 

(Read at July Meeting, 1903) 

AN earlier edition of this paper was written in June, 1898, by one 
of the authors (W. A. Caldecott) and privately circulated, but since 
that date a good deal of experimental work on the subject has been 
jointly carried out by both writers of the paper about to be read, 
and it is now presented in a more developed form. 

The precipitation of gold from cyanide solutions is a matter 
which has often been discussed, and a considerable literature already 
exists upon the subject. At the same time, in spite of its primary 
importance, in that after the preliminary operation of dissolving, it 
is precipitation which concentrates the gold from auriferous 
material in a solid form, many of the reactions involved are still 
doubtful. Besides the complexity of the subject, this is no doubt 
due to the fact that the majority of those engaged in· the actual 
conduct of gold precipitation have their energy fully occupied in 
the actual running of the plant, and that there is little time avail
able for pure research and extensive investigation, from which an 
immediate and definite profit cannot be guaranteed. It hence 
follows that any attempt to explain the reactions which occur must 
be based on the observation by various workers of variou" isolated 
facts. The reactions intermediate between observed phenomena 
can at present only be explained by that hypothetical reasoning 
which seems most probable until more is actually known. Though 
not absolute, such tentative conclusions may be of use, as shown 
for instance in the parallel case of the practical recognition of the 
validity of Elsner's equation, indicating the utility of oxygen in the 
dissolving of gold, long before it was proved to be quantitatively 
correct by Maclaurin. 

One view of gold precipitation based on the ionic theory has been 
dC:1lt with by Professor von Oettingen 1 in this Society, and by 

1 Proceedings of this Society, Vol. II. pp. 543-553. 
263 
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Professor Christy in America; but although this view, when fully 
worked out, may prove the more correct, at present its compara
tive novelty and the complexity of the reactions of double metallic I 

salts such as potassium aurocyanide may render the elaboration of 
an older and simpler hypothesis of more use to some of us as a 
working tool for the time being. This latter view to which we 
refer is based on the hypothesis that the precipitation of metallic 
gold from solution may be conveniently and comprehensively 
regarded as due in practice to the reducing action of nascent 
hydrogen, which replaces the gold in solution. Weare encouraged 
to consider an explanation of gold precipitation other than the ionic 
by the opinion of the eminent authority Bertram Blount, that" the 
practician ... can grapple successfully with any problem ... , 
irrespective of the precise explanation which may be at the moment 
most agreeable with the teachings of the ionic hypothesis." 1 

In 1892, B. C. Molloy patented a precipitating agent for gold 
from cyanide solutions in the shape of an amalgam containing an 
alkaline metal, which he stated to yield nascent hydrogen when in 
contact with the solution. Louis J anin, J unr., states in an article 
on the cyanide process published in VoL 1. of the "Mineral 
Industry" (1893) that "hydrogen is always evolved when the 
gold is precipitated" in the zinc boxes, and W. R. Feldtmann, one 
of our past presidents, in his phamphlet (1894) on the cyanide 
process on the Witwatersrand surmises that "the accelerating 
influence on precipitation of excess of potassium cyanide is probably 
due to generation of nascent hydrogen." But earlier than all these 
references was the recognition by the first workers on the cyanide 
process of the fact that effective precipitation was always associated 
with a "good action," or vigorous evolution of hydrogen bubbles 
in the zinc boxes. 

One of the main features to be borne in mind in the precipitation 
of gold from cyanide solutions is that it exists therein in the form 
of potassium aurocyanide KAu(CN)2' In this state the gold does 
not form the basic portion of the compound, as it is usually the 
-case with metals in combination, but is part of the solid radicle 
Au(CN)z which is combined with the potassium as a salt of the 
hypothetical aurocyanhydric acid HAu(CNh This compound is 
similar to cuprosocyanhydric acid H2CuiCN)4' and is stated to 
have been prepared in solution in 1878 by C. G. Lindboom 2 by 
addition of sulphuric acid to barium / aurocyanide BaA U Z(CN)4' 

1 Practical Electro-Chemistry, 1901. 
e La SocUtt! Chi1niq~lC, Tome XXIX., No.9. 
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JULY 190~] Solution and Precipitation of Gold 265 

The solid radicle Au(CN)2 is exceedingly stable or difficult to 
,entirely decompose, and its tendency to form comparatively soluble 
compounds renders it difficult of precipitation. The gold may how
,ever be replaced by hydrogen and caused to assume the solid form, 
or the potassium may be replaced by some other metal such as 
silver or copper (cuprosum), in which case the gold comes down as 
an insoluble double metallic cyanide. This latter reaction is .of 
course only possible in the absence of free potassium cyanide, in 
which all cyanides are soluble. In consequence, though equally 
perfect results can be obtained either way, the former is so far the 
.only method for gold precipitation on a large scale, and the latter, 
involving the destruction of free cyanide, is at present usually 
,confined in practice to one stage in the "precipitation method" of 
assaying cyanide solutions. 

One grain of gold per ton of solution is equivalent to one part by 
weight in fourteen millions; any method of precipitation which 
leaves in solution more than one part of gold in ten millions of 
solution cannot from a working standpoint be considered first-class; 
with 2 dwt. solution this would be about equivalent to 97 per cent . 
. efficiency. 

The precipitation of gold in cyanide solutions is essentially in 
practice a process of reduction, just as its solution is conversely a 
process of oxidation. This is obvious if we compare the equations 
representing in the simplest form the two reactions :-

(a) Solution of Gold:-

4KCN + 2Au + ° + H 20 = 2KAu(CN)z + 2KOH. 

(b) Precipitation of Gold :-

2KAu(CN)2 + 2 H + 2KOH = 2Au + 4KCN + 2H20. 

The nascent hydrogen indicated in the latter equation is one of 
the most powerful reducers known at ordinary temperatures. It 
is readily evolved in cyanide solutions, as for instance by zinc 
shavings (MacArthur-Forrest process), zinc dust, sodium amalgam 
(Molloy's and Zerener's processes), aluminium-mercury couple 
(:J'l:oldenhauer's process), and various zinc couples (such as zinc-lead, 
zinc-mercury, zinc-copper, zinc-iron, etc.). I 

The explanation of electrolytic precipitation of gold from the 
ionic standpoint may be expressed in the following extract from 
Macmillan's Electro-Metallurgy (1899): "It may be shown that 
the gold travels with the ion which migrates from cathode to 
anode, and only the potassium migrates from anode to cathode, yet 
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the gold is deposited only to the cathode. This is due to chemical 
reaction. The ions of such a cyanide KAu(CN)2 are apparently K 
and Au(CN)2' the K-ion giving up its charge at the cathode, but 
immediately attacking the solution in contact with it and deposit
ing, not hydrogen, but gold from the liquid around, because 
potassium can break up the complex aurocyanide of potassium that 
is present. 

KAu(CN)2 + K + Hp = 2KCN + Au + Hp. 
Thus gold is deposited at the cathode, not because ions of free 

gold exist in the liquid, but because potassium is deposited and 
exchanges with the gold in some of the complex substance
KAu(CN)2' in contact with the cathode. At the same time, gold 
does not form at the anode, because the ion Au(CN)2 cannot exist 
alone in the liquid, but breaks up into cyanogen, CN, and gold 
cyanide AuCN, which re-dissolves in the free potassium cyanide in 
the solution, re-forming potassium aurocyanide. The free cyanogen 
is then able, with its negative charge, to allow of the passage of 
another atom of gold to withdraw its positive charge from the 
anode and to pass into the ionic condition." 

Viewing the equation quoted above from the ordinary chemical 
standpoint, and assuming the reaction it indicates in this sense as 
occurring, an intermediate stage may be inserted thus :-

KAu(CN)2 + K + H20 = KAu(CN)2 + H + KOH 
KAu(CN)2 + H + KOH = 2KCN + Au + H 20. 

In other words, the intermediate stage corresponds to the 
equation (b) previously given as indicating the precipitation of 
gold by nascent hydrogen. On this hypothesis it appears that the 
nascent hydrogen produced by electrolysis of the water may also
serve to precipitate the gold. In the case of ordinary zinc (really 
an alloy of zinc with negative elements such as lead, iron, carbon, 
etc.) and of zinc couples, water is also decomposed with evolution 
of nascent hydrogen and deposition of the gold on the less positive
element, and with liberation of oxygen at the zinc. This pnmary· 
reaction, if viewed from a thermal standpoint, thus :-

Zn+ H20=ZnO+ H 
69·0 86·4=+17·4cal. 

indicates a strongly exothermic reaction, or in other words, the
hydrogen is liberated owing to the superior affinity zinc has for the 
oxygen of water; the free potassium cyanide serves to assist the, 
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JULY 1903J Theory of Gold Precipdation 

reaction by continually dissolving away the coating of zinc hydrate
formed and presenting clean metallic surfaces in contact with 
the solution. The same reasoning applies with an amalgam 
containing an alkaline or alkaline earth metal, or with a 
magnesium or aluminium couple, or with any metal or metallic 
couple of which the more electropositive element possesses a 
stronger affinity for the oxygen in water than does the hydrogen 
combined with it. The function of the less positive metal in the 
couple appears to be that of affording a locus, in the shape of 
innumerable points or roughnesses, for the liberation of hydrogen 
away from the oxygen simultaneously liberated at the more positive 
metal. By this separation the reducing action of the hydrogen, 
possibly in some cases occluded in the less positive metal, is not 
interfered with. Mr MacArthur informed one of the writers that 
the precipitating efficiency of chemically pure zinc is almost nil. 
In a suggestive paper read by Mr Ehrmann before this Society in 
April 1897,1 he quotes some very interesting experimental results 
with zinc and the zinc-copper couple to show that the precipitating 
efficiency increases with the volume of hydrogen liberated from the 
solution in the respective instances. 

Even if the view, expressed in most text-books, of precipitation 
being caused by the dissolving of the zinc to directly replace gold 
in solution be taken it amounts to much the same thing, except 
that the nascent hydrogen is set free from the water by the 
potassium liberated by the solution of the zinc instead of by direct 
decomposition of the water, thus :-

Zn + 4KCN + 2H20 = K 2Zn(CN)4 + 2KOH + 2H 
2KAu(CN)2 + 2KOH + 2H = 2Au + 4KCN + 2H20. 

or, eliminating similar compounds on both sides, we obtain the 
equation usually given:-

Zn +- 2KAu(CN)2 = K2Zn(CN)4 + 4Au. 

In all methods of precipitation the liberation of oxygen is a 
source of trouble; in electrolytic precipitation the anodes constantly 
waste away, mainly for the same reason as zinc in the MacArthur
Forrest process, and the discovery of a practicable permanent anode· 
is still a subject for research. Besides the waste of material the 
formation of the oxidation products in the extractor box interfere 
with efficient working. In the case of zinc, as it wastes away, the
oxide formed reacts further with the solutiolJ yielding varIOus. 
products. 

1 Proceedings of this Society, Vol. II. pp. 38-43 .. 
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In the Siemens-Halske and electrolytic processes generally the 
-energy required for the precipitation of the gold is orginally 
·derived from the burning (or oxidising) of coal in the boiler-room,. 
whereas in the case of ordinary zinc or zinc-couples it is derived 
from the oxidation (or burning) of zinc in the solution. Hence in 
the former case the efficiency of precipitation is not directly 
·dependent upon the strength of the solution but upon the electric 
energy applied, whereas in the latter it depends upon the rate of 
·oxidation of the zinc, which increases with the strength of the 
solution and its cleansing effect already referred to. This cleansing 
-effect may be compared with the dissolving of zinc in sulphuric 
acid. Speaking of the action of water on zinc, Macmillan says 
(Electro-Metallurgy, p. 349), "The action must stop almost at once, 
because solid undissolved and insoluble zinc hydroxide, Zn(OH)2' 

-would be formed on the surface of the zinc, and so gradually 
prevent further contact between the water and the zinc_ But when 
.an acid, sulphuric acid for example, is substituted for water, the 
action is different, for zinc sulphate, ZnS04, is soluble in water." 

When comparatively strong cyanide solutions (say 0-07 per cent. 
and upwards) are used the products of oxidation of the zinc dissolve 
as they are produced, and the efficiency does not decrease. With 
weak solutions (say 0'01 per cent. to 0-03 per cent.), however, they 
do ;not wholly dissolve, but accumulate in the extractor boxes as a 
coating on the zinc, thus gradually impairing its efficiency by keep
ing it from actual contact with the solution until it practically 
·ceases to act. Deposits of finely divided matter from unfiltered 
turbid solutions act in the same way_ The silica found in the zinc 
boxes is probably mainly due to mechanical causes, such as dust 
and slight defects in filtering, but may also be partially derived from 
the charge owing to the slight solubility of silica and silicates in 
the alkaline solution. Calcium sulphate, produced when treating 
acid tailings or slimes which require much lime, is also liable to 
crystallise out from the cyanide solution which is saturated with it 
upon the precipitating agent_ The deleterious effect of calcium 
sulphate in solution upon electrolytic precipitation, owing to its 
small conductivity, has been investigated by Mr A. F. Crosse. 
Among other coatings zinc sulphide can usually be detected, and its 
formation is apparently due to alkaline sulphocyanides in the 
solution, which serve as a carrier of sulphur from the ore or 
the commercial cyanide used to the boxes_ The reactions seem 
analagous to those of gold, being probably due to oxidation first 
.and then reduction, as shown in the following typical equations :-
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(a) FeS + 6KCN = K2S + K4Fe(CN)o 
K2S+KCN +O.+HP=KSCN +2KOH 

(b) KSCN + Zn(OH)2 + 3H= ZnS+ KCN + 2H20 

It seems possible that selenium acts similarly to sulphur, as at· 
the Redjang Lebong Mine in Sumatra the zinc gold slimes as 
cleaned up from the boxes were found to contain up to 3'4 per cent. 
selenium.1 The presence of common salt and ammonium salts in 
solution appears to assist precipitation, owing to their slight solvent 
effect on the zinc hydrate formed. Caustic alkalies should pre
sumably act in this way also, but in practice they seem to have the 
opposite effect, and to induce the formation of zinc hydrate to a 
still greater extent than the alkaline zincate formed serves to
remove it. The presence of alkaline carbonate in commercial 
cyanide serves when lime is used to form caustic alkali in the 
solution, thus :-

Na2C03 + Ca(OH)2 = CaC03 + 2NaOH. 

Mechanical removal of the zinc coatings is effected to some extent 
by the ordinary practice of washing, and the use of a dilute acid 
solution for this purpose has also been suggested. A most efficient 
aid to zinc precipitation would be the discovery of some innocuous. 
!iolvent for zinc hydrate compatible with cyanide. 

Increase of temperature, as shown by Mr Ehrmann, accelerates 
precipitation from its natural tendency to promote chemical 
I'(~a<:tions, with of course increased zinc consumption. In the 
:lllHlluec of free alkalies and presence of free hydrocyanic acid, there 
IIOllH lIot seem much tendency to form zinc hydrate, thus :-

Zn + 2HCN + 2KCN = K2Zn(CN)4 + 2H. 

Apart from undissolved zinc hydrate, the general interaction of 
lIin!:, potassium cyanide, and caustic alkali may be expressed as 
followH :-

3Zn + 4KCN + 2(x - 1 )KOH = 
4 H + K 2",ZnOX +1 + K2Zn(CN)4 + (x - 3)H20. 

;1; is a variable quantity, increasing with. the dilution of the 
solution in alkali, and always much greater than indicated in the 
ordinary formula for potassium zincate, namely K2Zn02. The 
relative amount of zinc, as double cyanide and zincate respectively, 
in the solution leaving the boxes is possibly in proportion to the 
respective amounts of free potassium cyanide and caustic alkali in 

I (Proc. LM.M. 23rd April 1903.) 
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solution. Hence on adding additional alkali a certain .amount of 
zinc is transferred from the cyanide combination to the state of 
zincate and the percentage of free cyanide in solution consequently' 
increased. 

It might be expected from the formation of nascent hydrogen 
in the boxes that all dissolved oxygen in the solution leaving them 
would be removed, and Mr A. F. Crosse's analyses show this to be 
the case. 

The great barrier to continuously effective precipitation is lack 
of contact between the precipitating surface and the solution, and 
owing to the readiness with which this surface becomes coated 
in various ways as shown it is necessary to employ enormous areas 
to ensure good results. A pound of ordinary zinc shavings exposes 
about forty square feet of surface, and hence every ton of shavings 
in the boxes is equivalent to nearly two acres. A ton of solution 
per cubic foot of zinc per twenty-four hours is equivalent to forty
five minutes' contact, and yet so thoroughly may coatings preserve 
the zinc from actual contact with the solution that even this rate 
of flow may with weak solutions have to be diminished to secure 
good results. The use of lead salts in all dissolving solutions, 
besides the effect in assisting solution of the gold, apparently owes 
its advantage of maintaining lengthy efficiency of precipitation 
with weak solutions to the fact that deposition of lead on the 
zinc in the boxes enables fresh uncoated precipitating surfaces to 
be continually exposed. Similarly with cupriferous solutions, lead 
prevents the copper depositing as a smooth coherent metallic 
coating on the zinc, which otherwise would be thus shut out from 
contact with the solution. As might be expected on the assump
tion that the negative element merely forms a site for disengage
ment of hydrogen, there appears little difference in the efficiency 
-of the freshly prepared metallic couples zinc-lead, zinc-copper, 
zinc-mercury, etc., and advantages of one over the other depend 
·on other considerations. Thus the zinc-mercury couple is brittle 
and crnmbles in use, whilst the zinc-copper tends to yield base 
bullion. A mixture of lead and zinc shavings has a lengthy 
efficiency, possibly due to the fact that the zinc hydrate formed 
·does not coat the whole couple to the same extent as with the 
usual lead-coated zinc shavings; 

Hydrogen which has assumed the molecular condition and is 
visible in the liquid as bubbles is useless'for precipitat.ion purposes, 
the available energy for reduction having been degraded by the 
self-combination of the nascent atoms into molecules. A vigorous 
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evolution of hydrogen bubbles in the precipitation boxes of any 
process indicates good precipitation merely since it shows that a 
corresponding amount of nascent hydrogen, portion of which 
performs work, is being generated. 

Besides nascent hydrogen, however, one or two other means of 
precipitating gold are available. As chemical precipitants, silver 
nitrate which forms the insoluble double gold-silver cyanide 
AuAg(ON)2 (Orosse), and copper sulphate, reduced by sulphur 
dioxide from the acidulated solution, which precipitates the gold 
as the double aurous·cuprous cyanide Au20u2(ON)4 (De Wilde) are 
rapidly and perfectly efficient. 

It is stated that commercial calcium carbide and also phosphine 
precipitate gold from cyanide solutions. Any such action is 
probably due to the decomposition of water by substances with 
such a strong affinity for oxygen. 

Many acids and salts effect partial precipitation of the gold in 
rich solutions, possibly by partly decomposing the potassium auro
cyanide, with formation of the hypothetical aurocyanhydric acid 
HAu(ON)2' which sets free insoluble gold cyanide AuON to 
some extent j thus, for example ;-

HOI + KAu(ON)2 = KOI + HAu(ON)2. 
2 HAu(ON)2 = HAu(ON)2 + HON + AuON. 

A current of sulphuretted hydrogen generated externally alld 
passed through the acidulated auriferous cyanide solution, effects 
some precipitation. Metallic salts such as ferric chloride, cobalt 
nitrate, lead nitrate, or zinc chloride, even when added in excess 
to gold-bearing cyanide solutions, have little precipitating effect 
when the original amount of gold in solution does not exceed a 
couple of dwts. per ton (3·4 mgrms. per litre). Oxidising agents, 
such as excess of potassium permanganate, potassium ferricyanide, 
or nitric acid used with a view of decomposing by oxidation the 
soluble potassium aurocyanide, are of small efficiency on solutions 
low in gold, as also are reducing salts such as ferrous sulphate or 
stannous chloride or organic reducers such as formic aldehyde, 
glucose, glycerine and Fehling's solution. The powerful oxidising 
effect, however, due to addition of sulphuric acid and potassium 
bichromate to auriferous cyanide solution, seems to thoroughly 
break up the potassium aurocyanide and precipitate the gold. 

The cleansing effect of acids on zinc has already been referred 
to, and hence it is reasonable that acidulated auriferous solutions, 
when brought in contact with any metal such as zinc or iron, 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)
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should rapidly and completely deposit their gold, and this is
actually the case. 

'Freshly burned charcoal acts for a time as an efficient precipitant 
of gold from cyanide solutiolls, apparently until 'the occluded 
hydrogen, of which about ten volumes are condensed in the pores,l 
becomes exhausted. It is probable that other materials con
taining occluded hydrogen would act in the same way. 

In general, past experience shows that, apart from acidulated 
solutions and from processes where electric energy from an external 
source is made use of, research for a pr;ecipitating agent having the 
following properties would be on the right lines, namely: a body 
exposing a large amount of surface in proportion to its weight, 
which gradually dissolves in a solution containing cyanide and 
possibly some other neutral or alkaline substance compatible with 
cyanide, with ready evolution of nascent hydrogen. Applying 
these requisite conditions to filiform zinc or zinc couples and 
ordinary cyanide solutions, it will be seen that they are fulfilled to 
a great extent, the main objection being that a comparatively 
strong solution of costly potassium cyanide is required to obtain 
and maintain the highest possible precipitating efficiency. 

The ideal method of precipitation is not only perfectly efficient 
but fulfils all the following conditions :-

1. Is independent of cyanide strength of soltltion, 
2. Presents large surface for joint contact of precipitating 

agent and molecules of auriferous compound dissolved in 
the solution. 

3. Concentrates continually the precipitated gold in a limited 
space: 

4. Free cyanide contents of solution are not appreciably 
lessened by the operation of precipitation. 

5. The solution after precipitation must not carry any com
pound which would interfere with its direct re-use after 
further addition of cyanide. 

6. Allows of ready conversion of precipitated gold into 
bullion. 

i. The apparatus employed mu~t be cheap and simple to instal 
and operate. 

1 See Sexton's "Fuel," p. '83. 
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DISCUSSION AT DECEMBER MEETING, 1903 

The President-I should like, on behalf of the Society-this is 
the first opportunity I have had of doing so-to congratulate the 
authors upon the high standard of paper which they have produced 
for the Journal. I think any of you interested in the cyanide pro
cess cannot do better than study this paper, because it goes further 
than the practical work which an ordinary cyanide shiftsman 
has to do, which most of you are acquainted with. All shiftsmen 
especially, I think, should study this paper, as it will give them an 
insight into the theoretical as well as the practical side of working 
the zinc boxes. This cannot be too strongly emphasised, for there 
is a tendency amongst some on these fields to work their eight hours 
a day and then get oft". I am making these remarks to encourage 
those of you who wish to advance themselves and who are un· 
acquainted with the theoretical details to improve your knowledge 
and obtain a more intelligent grasp-and interest in the work you 
have to do. 

Prof. A. Prister-From Messrs Caldecott and Johnson's paper 
it appears that they still consider Elsner's equation as giving the 
sole explanation of the solution of gold in cyanide, viz. ;-

4Au + 8KCN + 2H20 + 02 = 4KAu(CN)2 + 4KOH 

It would seem that they have not given Bi::idlander's studies 
sufficient consideration, whereas these are of primary importance, 
especially in regard to the dissolving of gold. Without detailing 
all his researches, Bi::idlander proved that MacArthur's original 
suggestion of hydrogen being evolved when gold dissolves, was 
wrong and he also confirmed Maclaurin's view that oxygen was 
absolutely necessary for the reaction. But his experiments further 
showed that hydrogen peroxide was produced when gold dissolves 
in cyanide solutions, and that this substance is a casual product, 
but plays a most important part. Bi::idlander maintains that the 
following reactions occur in the sequence given, most of the hydrogen 
peroxide formed by the first reaction being used up so that it can
not accumulate in the second ;-

2Au + 4KCN + 2R20 + 02 = 2KAu(CN)2 + 2KOH + H20 2 

2Au + 4KCN + H20 2 = 2KAu(CN)2 + 2KOH 

By adding these two equations together, and eliminating H20 2 on 
both sides, we obtain Elsner's equation, proved quantitatively correct 
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by Maclaurin, but which merely shows the initial and final stages of 
the reaction, and does not indicate the stages of its occurrence. 
Bodlander demonstrated qualitatively the formation of hydrogen 
peroxide by dissolving goldleaf in potassium cyanide solution and 
adding dilute sulphuric acid, iodine starch, zinc chloride, and a few 
,drops of ferric and cupric sulphate, when the characteristic and 
more definite blue colour appears. Another test is the yellow 
,~oloration due to the addition of a dilute solution of titanic acid in 
sulphuric acid to the acidulated solution containing hydrogen per
oxide. The presence of hydrogen peroxide can sometimes be shown 
by the blue colour, due to addition of chromic acid and ether to 
an acid solution containing hydrogen peroxide. 

The more quickly the gold is dissolved the more hydrogen per
oxide is formed, as more gold goes into solution in the first stage of 
the reaction than in the second. Bodlander increased the rapidity 
with which hydrogen peroxide is formed by adding calcium 
hydrate, which formed calcium dioxide. This is'insoluble in an 
alkaline solution, and is thus preserved from reduction by gold 
during the second stage. 

Ca(OH)2 + H 20 2 = Ca02 + 2H20 

I may here remark that this point is of importance in cyanide 
practice, as excess of lime or other alkali in solution tends to 
remove oxygen in the form of hydrogen peroxide from playing its 
necessary part. By comparative trials, Bodlander demonstrated 
quantitatively the amount of hydrogen peroxide produced by the 
interaction of cyanide solution, lime, and gold leaf ; and also the 
absence of hydrogen peroxide when cyanide solution was treated 
with lime only. He also made a long series of experiments in the 
reduction of hydrogen peroxide by indigo, but for details of these 
and other trials, ·his original paper should be referred to.! 0 

The practical importance of these trials is evident since, if the 
hydrogen peroxide formed by dissolving the gold is reduced by 
ferrous sulphate or organic matter, the solutions are deprived of an 
essential ingredient, whereas the addition of hydrogen peroxide to 
the solutions increases their gold dissolving capacity without 
necessitating more cyanide. 

Turning now to the zinc boxes, Schonbein and Taube proved 
that, when zinc dissolves in potassium hydrate, hydrogen peroxide 
is produced, thus :-

Zn + 2KOH + 02 = K 2Zn02 + H20 2 

l Gesell. fur Angew. Ghem., 1896. 
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Eodlander's method for fixing the hydrogen peroxide may be used 
to retard the subsequent reaction, in which the hydrogen peroxide 
is reduced by zinc:-

Zn + 2KOH + HP2 = K2Zn02 + 2H20 

Hence, in the zinc boxes the oxygen is also abstracted from the 
.alkaline solutions to their detriment by the reducers such as zinc, 
.gold, etc., present. 

It is possible that this reaction may acc:::mllt for the large amount 
of deposit formed in the weak zinc boxes. Further, since solutions 
leaving a box are sometimes richer in gold than when entering, it 
may be that this reversion is due to the hydrogen peroxide, formed 
by the action of potassium hydrate on zinc, inducing the dissolving 
.of gold instead of zinc. This seems to be confirmed by the fact 
that boxes working badly may be improved by neutralising the 
excess of alkali in the solution with sulphuric acid at the head of 
the box. . 

Dr J. Moir-In making these few comments on this paper, 
I should like to join in the chorus of praise which it has elicited, 
for the paper is a truly scientific contribution and will redound to 
the credit of our Society, and possibly help to redeem its character 
from the effects of recent discussions, where there has perhaps been 
more of a desire to make personalities than to get at facts. 

The essence of the paper, namely the explanation of the reduction 
of gold from aurocyanide solutions in terms of nascent hydrogen, is 
.certainly an excellent working hypothesis, and when we remember 
that "nascent hydrogen" is merely another way of saying "dis
charged hydrogen ions," we see that the ionic theory leads us to 
the same results. In addition, the nascent hydrogen theory explains 
such things as the great discrepancy between zinc used and zinc 
theoretically required for precipitation of the gold: it is quite clear 
that the energy is lost in forming gaseous or molecular hydrogen 
in the boxes and that the cause of this loss is the relatively small 
number of aurocyanogen ions in contact with the zinc at any time, 
especially since the zinc-gold couple can decompose water. The 
ordinary chemical theory does not explain why hydrogen is evolved 
at all by zinc in alkaline or cyanide solutions considering that zinc 
is less" electropositive" than potassium but the ionic theory throws 
some light on this. According to this theory the evolution of 
hydrogen by a metal immersed in a liquid is favoured by increasing 
the concentration of hydrogen ions (i.e., the acidity, in ordinary 
cases) or by diminishing the amount of metal in solution as anion. 
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Now in cyanide solutions the H-ions can only be present in the 
minutest proportion, nevertheless, because the proportion of anions 
is so much smaller even than this (because the cyanide converts the 
metals into complex cations like Au(CN)2 and Zn(CN)4' the 
evolution of hydrogen is rendered easy. A striking example of 
this is the fact that copper dissolves in cyanide solutions with 
evolution of hydrogen, which it does not do in any acid medium. 

2Cu + 4KCN + 2H20 = K 2Cu2(CN)4 + 2KOH + H2 or 
2Cu + 4CN + 2H20 = Cu2(CN)4 + 2H20 

Anoth(lr point which the ionic theory helps to clear up is the 
beneficial effect on precipitation, obtained by adding free cyanide 
or caustic alkali to the liquor. The authors explain this result by 
the solvent action of cyanide and caustic alkali on the coating of zinc 
hydrate and ferrocyanide, which prevents proper contact between 
the zinc and the liquor. Doubtless this is. the main factor, but 
these chemicals may also act in a different way, viz., by still further 
diminishing the concentration of zinc and gold anions (by removing 
them in the form of complex cations as explained above) and so 
rendering the electrolysis easy. It would therefore be very in
teresting to try the effect on precipitation of the addition of other 
substances which form complex cations with gold, for example 
sodium thiosulphate or sodium nitrite. 

The only other point in the paper which seems open to discussion 
is the question of the origin of the coating of zinc sulphide which is 
occasionally met with on the zinc. The authors' explanation is very 
neat, but I find I cannot confirm it experimentally. ,I put my 
results on record since I believe that the authors have come to their 
conclusion on experimental evidence. 

(1) Solution containing 5 per cent. potassium cyanide, 5 per cent. 
sodium hydrate, 1 per cent. potassium thiocyanate, 0'1 per cent. 
lead acetate was made and some zinc-dust previously cleaned in 
acid and washed, was added. After a week, this was filtered off 
and washed thoroughly and tested for sulphuretted hydrogen with 
lead acetate paper, but only a very faint colour was obtained, and 
on testing with paper dipped in tartar-emetic solution no colour was 
obtained. The filtrate from the zinc gave no reaction for soluble 
sulphides. 

(2) Ordinary zinc-shavings were used as precipitant in a solution 
containing 2 per cent. potassium cyani&e and. sodium hydrate, 1 per 
cent. potassium thiocyanate a'nd a tra'ce of lead acetate. This time a 

,fair reactioit on lead acetate paper was given, but the unused turnings 
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gave almost as good a colour when simply dissolved in acid; even 
.after some time the hydrogen darkened lead acetate paper. 
Apparently under such conditions as I employed, the reduction of 
thiocyanate to sulphide takes place only to an extremely minute 
{lxtent, if at all, and I am inclined to trace the zinc sulphide 
coating to some other source. 

Prof. Prister has done a great service by giving us Bodlander's 
results on the production of hydrogen peroxide during the solution 
of gold in cyanide. The phenomenon is exactly a case of what the 
Germans call the" Aktivierung " of oxygen exemplified in the use of 
the easily oxidisable turpentine to aid the bleaching of fabrics by 
exposure. In this case the two equations are--

(1). 2Au + 4KON + 02 = 2KAu(ON)2 + K 20 2 
(2). 2Au + KON + K 20 2 + 2H20 = 2KAu(ON)2 + 4KOH 

It has struck me that the. second equation is very unconvincing; 
the oxygen is made to act as a sort of perpetual motion, inasmuch 
as the peroxide makes and unmakes itself without access of energy. 
This case is quite different from an ordinary catalytic action, and in 
order that both reactions should go on simultaneously, it is necessary 
to assume that the second reaction goes much slower than the first. 
Now, it seems that 70 per cent. of the peroxide theoretically 
formed by reaction (1) can be detected in the solution, whence it 
appears that the second reaction occurs only to a small extent. In 
consequence of this, I think that the suggestion of hastening 
extraction of gold by adding hydrngen peroxide in excess, will not 
prove advantageous in practice. According to the law of mass 
action, an excess of potassium peroxide in the liquid will tend to 
prevent the formation of any further quantity, and thus will slow 
down the primary reaction involving the atmospheric oxygen 
-and naturally hydrogen peroxide cannot compete with oxygen in 
price. On the contrary, it is quite possible that extraction might 
be quickened by adding to the ore a trace of a substance which 
(lecomposes hydrogen peroxide such as manganese dioxide. 
Theoretically, this would tend to accelerate the reaction. 

2Au + 4KON + 02 = 2KAu(CNh + K20 2• 

Mr B. Blount (contributed)-I am disposed to think that, in the 
case both of the zinc method of deposition and of the electrolytic 
process, the kernel of the whole matter is the provision for every 
molecule of potassium aurous cyanide, of an ample supply of some 
reducing agent, inasmuch as in dilute solutions the molecule which 
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it is sought to reduce may not impinge upon its appropriate reducer. 
Hence, any method which increases the surface and activity 
of the zinc on the one hand, or provides many negative ionic
charges OIl the other, will accomplish a precipitation approxi
mately perfect. It seems to me that this end is best accomplished 
electrolytically. 

The President-I should like to put it to the meeting as to 
whether any further discussion should be t.aken on this paper. It 
seems rather a pity that a paper of such merit should pass with so
little comment. 

DISCUSSION AT FEBHUARY MEETING, 1904 

Prof. A. Prister-Dr Moil', in remarking on the Bodlander 
experiments which I quoted, says "that the oxygen is made to 
act as a sort of perpetual motion, inasmuch as the peroxide makes and 
unmakes itself without access of energy.! Dr Moil' is certainly 
aware that we have hundreds of chemical reactions where a chemical 
compound is formed in a previous reaction to be decomposed in the
following, serving the first simply as an intermediary member, such 
as the function of nitric acid in the manufacture of stilphuric acid. 
I must suppose that' Dr Moil' did not study the two equations 
proposed by Bodlander, otherwise he could not come to the con
clusion stated. The first equation where hydrogen peroxide IS

formed-

2Au + 4KCN + 2H20 + 02 = 2KAu(CN)2 + 2KOH + H 20 2 
If we take for simplicity that one molecule of water has been 
oxidised to hydrogen peroxide, an oxidation which develops a; 

calories. 
H-O-H+-O=H-O-O-H 

The second equation is :-

2Au + 4KCN + HZ02 =2KAu(CN)2 + 2KOH 

,\Ve see here that the hydrogen peroxide has been reduced and the tWQ
hydroxyl radicals combined with the potassium forming potassium 
hydrate evidently we had in the previous reaction an oxidation, 
and in this a reduction. 

Bodlander tried to fix as much as possible of the peroxide of 
hydrogen formed in the first reaction by the addition of calcium 
hydroxide in support of his theory, and was so far successful that 

1 See page 277 of this volume. 
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he obtained 70 per cent: of the theoretical quantity. I am afrairl 
Dr Moir did not well follow the value and aim of those experiments. 
The second reaction does not proceed slower than the first. On the 
contrary, it is so ·rapid that only 70 per cent. of the peroxide could 
be preserved. I am sorry that Dr Moir's experiments could not 
convince him of the accelerating action of the hydrogen peroxide if 
added to the potassium cyanide for dissolving gold, as not only did 
my experiments confirm this, but I can assure him that if he will 
look through the literature of Gmelin-Kraut, Wurtz, etc., he will 
find there the confirmation of it. I did not suggest the application 
of hydrogen peroxide to working cyanide solutions for accelerating 
the solution of the gold, so I cannot accept Dr Moir's criticism on 
this point. 

I said that the hydrogen peroxide formed in the zinc-boxes, by the 
action of the potassium hydrate or other alkalies on the zinc, may 
explain· how sometimes an excess of alkalinity in the boxes may 
reverse the action, and gold be dissolved instead of being precipitated 
on the zinc. 

Since I read my observations on Messrs Caldecott & Johnson's 
paper I have made the following experiment, which may convince 
Dr Moir that my theory that an excess of alkalinity by its action 
upon the zinc and consequent evolution of hydrogen peroxide may 
explain the re-dissolving of the gold :-

Zinc-shavings from the precipitation boxes were taken, washed 
with water and divided into two approximately equal parts; 100 
C.c. of cyanide solution coming from the sump of the strong boxes 
in which my colorimetric test did not indicate gold was poured over 
those gold zinc shavings; to one an excess of sodium hydrate being 
added. After about ten minutes, 30 C.c. of each solution were 
filtered and tested for gold. The solution to which sodium hydrate 
was added showed over 15 dwts. to the ton, while the other gave 
only a slight colour, say, ! dwt. 

Evidently the excess of alkali strongly attacked the zinc (visible 
by the strong evolution of hydrogen) and the hydrogen peroxide 
formed redissolved the gold from the zinc shavings. 

Practical experience has demonstrated that manganese dioxide if 
present in large quantities (although only a fraction of 1 per cent. 
in the lime used for neutralising the acidity of the tailings), is 
sufficient to increase enormously the consumption of the potassium 
cyanide by its destructive action, and I am afraid that Dr Moir's 
suggestion to use manganese dioxide for accelerating the solution of 
gold in potassium cyanide cannot be accepted. 
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REPLY TO DISCUSSION READ AT FEBRUARY MEETING, 1904 

Mr W. A. Caldecott-There has not been much discussion on the 
paper contributed by Mr Johnson and myself, so our reply will be 
correspondingly short. 

Professor Prister's remarks are of great interest, and we are 
indebted to him for the abstract he gives of Bodlander's researches'! 
As, however, our paper was upon the precipitation of gold, not its 
solution, we did not consider it necessary to deal at length with the 
latter reaction. Various authorities have noted the formation of 
hydrogen peroxide when zinc is oxidised, but it is hardly likely 
that this reaction plays an important part in ordinary precipitation 
since it depends upon the presence in the cyanide solution of 
dissolved oxygen, which Mr Crosse's researches have shown to be 
very limited in amount. As Professor Prister suggests, it is quite 
possible, by means of cyanide solution and oxygen, to re-dissolve 
the gold precipitated on zinc, and this was shown by experiments 
made before the war by one of the writers.2 

But for differences in nomenclature Dr Moir and ourselves seem 
in substantial agreement, though we venture to think that the 
thermal equation we gave, indicating the formation of zinc oxide, 
does show how hydrogen comes to be evolved" by zinc in alkaline' 
or cyanide solutions." " Nascent hydrogen" and "discharged 
hydrogen ions" are, as Dr Moir remarks, but two of the various 
phrases used for indicating hydrogen in a very minutely divided 
state, quite different to the ordinary gaseous molecular form. But 
whatever the title used, the reducing power of these minute 
particles is shown by the recent discovery that they constitute what 
are known as "cathode rays," and in this form have the property 
of reducing oxide of copper to the metallic state. Dr Moir's failure 
to produce zinc sulphide by reduction of potassium thiocyanate is 
probably due to the difficulty of exactly reproducing working 
conditions in the laboratory. 

With Mr Bertram Blount's remarks, indicating the appropriate 
conditions for ensuring good precipitation, we are quite in 
agreement. 

1 See Vol. II. of Society's Proceedings, page 389. 
2 See Vol. II. of Society's Proceedings, page 746. 
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VIII 

NOTES ON CLASSIFICATION 

By T. LANE CARTER (MEMBER Al\I. Inst. M. Eng.) AND D. V 
BURNETT (MEl\IBERS) 

(Read at September Jvleeting, 1903) 

By way of introduction, we may state that since starting this 
paper we have read Mr Denny's able and comprehensive treatise, 
"Observations on the Metallurgical Practice of the Witwaters
rand," 1 and, in consequence, have erased a considerable portion of 
this paper, as that gentleman has already placed before you many 
points, which we would otherwise have brought up. However, 
the question of classification is one of such importance in the 
cyanide process that we feel justified in bringing it before this 
Society, hoping that some new points may be raised and in the 
discussion some valuable information given. 

We have been told that we are not up to Australia in many 
points in the cyanide process, but we believe that many of our 
Australian friends have gleaned a good deal from the Witwaters
rand gold fields and from the pioneers in the cyanide process. It 
was not so long ago that 25 per cent. of our mill pulp was con
sidered untreatable and the slimes assayed between 4 and 6 dwts. 
In consequence of improvements in classification in the sands 
tanks and the use of lime in the mills the value of slimes has 
come down a great deal, so that the average value of the slimes 
on one of the large groups, namely, the Rand Mines, averaged 
under 2'1 dwts. for the last six months. 

In Rand practice the mill pulp, after treatment by amalgamation, 
is usually classified into three products for cyanide treatment, 
llamely:-

(a) Con~entrates and coarse sands. 
(b) Sands. 
(c) Slimes. 

This classification is not really well defined at any point. For 
1 This volume, pp. 116·231. 
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instance, where vanners are not used that part which is calleli 
concentrates is really a small portion of concentrates mixed with 
a large part of coarse sand. The second product, sands, contains. 
an amount of settled slime and sulphurets not caught by the 
spitzlutte. In the slimes plant we find a very rich float of fine 
sulphurets, also a very fine sand. When a large portion of main 
reef, which is generally highly pyritic, is sent through the mill it 
is difficult to prevent the fine sand and slimy sulphurets from 
reaching the slimes tanks. 

Though one grade blends into another it is, nevertheless, con
venient to make the above-mentioned classifications in discussing. 
the question of cyanide treatment. The object of this classification 
is to grade each portion according to its value and amenability for' 
treatment, so that the richer and less leachable portions might 
have longer treatment than the poorer and easily leachable 
portion. 

Under the present methods of working, the aim appears to be 
to mix concentrates with sufficient coarse sands to render the 
product leachable and to procure sands with as little sulphurets or 
slimes as possible. This product, which equals only about 10 per 
cent. of the total tonnage, is allowed to receive a very long treat
ment, an important factor in treating this material. 

It will be most convenient to deal with this important question. 
of classification under the headings already mentioned, and we will. 
commence with the first, namely, concentrates:-

Concentmtes.-A product made up of pure concentrates is of 
little use for cyaniding in the present state of the cyanide process .. 
In the first place, it is practically unleachable. Even if it were 
leachable the extraction from this product would be very low. 
No matter with how much coarse saud the concentrates are mixed 
to get a leachable product, we must remember that the actual. 
extraction from concentrates by our present methods is unsatis
factory, and that a large percentage of the gold in this class of the· 
pulp is thrown out on the tailings heap. Most of you, no doubt, 
have verified this statement by dIviding a residue sample into the, 
different classes and assaying them separately, when you found 
that, in the majority of cases, the coarse heavy sulphurets and 
coarsest of sand showed highest in gold. Therefore, our present 
extraction of gold from concentrates, and in some cases from the· 
coarse sands, is unsatisfactory. 

This question of concentrates is one that has worried most of us,. 
I am sure. The usual method employed at present is to get a. 
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product containing 86 per cent. coarse sand and 14 per cent. 
sulphurets (the total being about 8 per cent. to 9 per cent. of the 
mill product), which is given an extra long treatment of about 
thirty days. 

There is one way, of course, of obtaining a high extraction from 
concentrates and that is by using the chlorination process. But 
the heavy cost of the process makes it an impossibility for most 
mines on the Rand. To say when it pays to sell concentrates to 
reduction works, or to take the much lower but cheaper extraction 
by the cyanide process, requires careful calculation. 

At the New Goch Gold Mining Company we observe that con
centrates of nearly 5 ozs. in value are treated by the chlorination 
process, at a cost of 24·7 per cent. ofthe gross value. It seems that 
few mines on the Rand are as fortunate as the New Goch Mines re
garding the value of concentrates. On one of the mines of the Central 
Rand, where close concentration is resorted to, the value of the 
product has fallen from 5 oz. to 3 oz. so that the treatment of the 
concentrates by the chlorination process has been abandoned. From 
the cases we have observed, we notice that concentrates get poorer 
the lower you get on the reefs. 

It seems, therefore, that the chlorination process is nearly at its last 
ebb on the Rand, so far as the Main Reef series are concerned. Ex
ceptionable cases may occur where the concentrates will assay very 
high, but we believe such cases will be very rare. 

Weare thrown back, therefore, on the cyanide process, and 
the quest,ion is, how can the greatest extraction be obtained from 
~oncentrates by the cyanide process? The extractions obtained 
from the other classes of sands is most satisfactory but the efficiency 
of the process on concentrates is low. Let us take an average case 
as an example :-

A tank containing 14 per cent. sulphurets and extra coarse sand 
and 86 per cent. coarse sands gave the following results: 

Original 
Value. 

12 dwt. 

After 5 days' After 10 days' 
Treatment. Treatment. 
4·56 dwt. 3·56 dwt. 

Lmvered 
Value. 

3·50 dwt. 

After 20 
days. 

2·4 dwt. 

After 30 
days. 

1·9 dwt. 

The value of the residue was 1·9 dwts., of which the sulphurets 
and very coarse sands contained 8·7 dwts. per ton and the other 
part 17 grs. to the ton. These figures are averages. 

From these figures it is seen that after the tenth day's treatment 
most of the gold had been extracted. On account of the incomplete-
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extraction of the gold in the sulphurets and very coarse sands the 
charge .had to be treated for another 20 days. 

It seems to us that the concentrates problem can be most 
economically solved by following the suggestion made in several 
quarters, namely of concentrating carefully and re-crushing the 
concentrates and coarsest sand to a sufficient fineness to extract the 
gold. The idea is not a new one and has occurred to many. As 
corroborative evidence as to the possibilities of high extractions 
from concentrate by the cyanide. process, the figures given by Mr 
E. N. FellI are here reproduced. 

In the course of his paper describing the treatment of tailings by 
the cyanide process on a mine in British Columbia, Mr Fell said: 

""\Ve have also carried out a series of experiments on the treat
ment of the concentrates from the mill in a revolving barrel. The 
results from these has been so satisfactory that I believe the process 
would be successful on a working scale. 

"The following figures are the result of the last six rllns which 
we made: 

Dry Weight Value before Strength Loss Duration of 
of Treatment Residue Extract- of Solu- of Treat-

Concen- ozs. ozs. tioa tion KCN ment 
trates. per ton. per ton. per cent. per cent. Ibs. Hours. 

40 lbs. 7'58 0'20 97-4 1'00 6'20 24 
40 

" 
5'26 0'76 85'5 1'00 8'10 24 

40 
" 

4'74 0'42 91-1 1.00 7'80 24 
40 

" 
2'78 0'14 94'9 1'00 .9'75 24 

40 
" 

4'60 0'36 9')'') 
~ ~ 1'25 6'40 24 

40 
" 

:3"92 0'12 96'9 1·00 6'10 24 

"I infer that a recoverY,of at least 90 per cent. (and probably 92 
to 93 per cent.) of the gold value could be ensured at a cost for 
cyanide of about 8s. 6d. per ton." 

This evidence, taken with the evidence of the Rand, goes to show 
the possibility of getting a higher percentage of the gold from the 
concentrates by the cyanide process. 

The two reasons given for the failure of potassium cyanide to give 
a high extraction from pure concentrates in the ordinary way are: 

1st. The gold is "mechanically bound." 
2nd. The unleachable character of the product. 
Taking everything into consideration, /we believe that the con

centrate problem can be most economically solved along some such 
lines as the following ;-

I See Vol. XXXI., page 754, Trans. Amcr. Inst. ~Mining EnginecTS. 
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SEPT. 1903] Economzc Aspect of Concentrate Problem 28 5 

(a) Classifying of concentrates and very coarsest of sand as clean 
as possible by means of increased spitzlutte capacity, leaving the 
expensive vanners out altogether. 

(b) Re-crushing and treating these concentrates and very coarse 
sand in a revolving barrel or some similar contrivance with 
potassium cyanide of suitable strength. 

(c) This careful concentration will allow the finer portion of the 
coarse sand to run into the tanks with the fine sands, thereby 
causing a more leachable product. 

Of course, the extra expense of re-crushing concentrates must be 
recognised, but we would like to point out the probable advantages 
to be derived :-

1st. Considerably higher extraction. As you all know, it does 
not require a large increase in extraction on the Rand to mount up 
to thousands of pounds sterling. Mr Hennen Jennings, in a 
speech before the Association of Mechanical Engineers of the 
·Witwatersrand, stated what an increase in extrac'tion of 1 gr. per 
ton crushed on a 200 stamp mine amounted to. For the whole 
Rand it means many thousands. 

2nd. A more amenable sand product by the addition of more 
coarse sands to the sand tanks. 

3rd. A great saving in time; also of cyanide. 
4th. The utilising of portion of the tank capacity now occupied 

by concentrates and very coarse sands to sands, thereby giving 
sands an extra two days' treatment. 

Before leaving the subject of concentrates we should like to 
bring up a point which the advocates of vanners are fond of 
advancing, namely, the amount of amalgam caught by the mill. 
All we can say is that a vanner is a very expensive apparatus for 
saving amalgam. vY.e know of devices as effective and very much 
cheaper. 

Opinion seems divided as to the amount of amalgam that escapes 
from the mill to the cyanide works. We know of a case where a 
chemist was sent to a gold mine on a certain gold field to investigate 
a by-product of the tailings heap. It became necessary to vanner 
a portion of the old concentrate heap, and this chemist obtained 
quite an appreciable amount of amalgam on the vanners. This 
seems to prove that amalgam getting into the cyanide tanks from 
the mill is lost. 

Sands.-The filling of a sand tank is olle of the important 
things of a plant, a badly filled tank causing the residue to assay 
high. There are two systems in vogue on the Rand, namely, the 
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286 Carter and Burnett: On Classification [SEPT. 1903 

"kaffir and a hose" and the Mein-Butter's distributors; of the two 
we prefer the "kaffir and the hose" method. In filling it is 
necessary to be watchful to prevent the formation of thick layers of 
slime. The danger of getting layers of slime in the tank is 
increased where much lime is used in the mills. 

Fig. 2 gives a sketch of the method used in filling a sands tank. 
The high cones of sands are shown between the slimes doors. The 
water carrying the slimes thus has every facility of escape through 
the slimes doors. The kaffir keeps the hose on the move; so as to 
disturb any settled slime. 

A sketch is given (Fig. 1) of the slimes escape doors in use on 
the Crown Deep. The heavy canvas, 1, 2, 3, 4, is securely nailed 
down at the bottom. As the tank is filled the canvas is unwound 
from the spool A, B, which slides up and down the two grooves C 
and D. It is found that the slat boards shown answer best, being 
strong enough to withstand the pressure. In each board there are 
holes to allow the slimes to run off freely. All the slats are placed 
in securely, except the two bottom ones, which are screwed to the 
uprights, so that they can be easily taken out in case of a block 
behind with sand. 

It is believed that this slimes escape-gate is an improvement on 
the former method of putting the slats in as required. The kaffir 
in the tank generally has the faculty of getting them in crooked 
and allowing pieces of blind to get in between the slats, causing an 
aperture through which the sand escapes. 

Another successful scheme for providing for the escape of slimes 
from sand tanks is to have heavy iron slats without a' blind of any 
kind. 

As we have already intimated, there would be a higher extraction 
from sands if the rich sulphurets found with sands could be kept in 
the concentrate tanks and more of the coarse sand now in 
·concentrates could mix with the sand forming a more amenable 
product. The following figures are the averages of assays carried 
{)ut to investigate this point :-

Average residues of sand = 1 ·05. 
3·7~ per cent. concentrates from thesA residues assayed 14·1 dwts. 
96·27 per cent. sands from these residues assayed 0·57 dwt. 
Showing conclusively that the larger proportion of the gold in a 

residue is in the sulphurets and the very coarsest of the sand. If, 
therefore, the 3·73 per cent. of concent~ates could have been kept 
-out of the sands tanks the average assay value would have been 
,0'57 dwt. 
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SEPT. 1903J Tank Capacity of Cyanide Plant 

Much has been said regarding the tank capacity of a cyanide 
plant, and it is, indeed, true that the tank capacity o~ the average 
plant is under-estimated. A simple plan has occurred to us for 
increasing the treatment capacity on a plant with top and bottom 
tanks. For instance, on a 200 stamp mill the sand tank cubic 
capacity is 201,060 cubic ft., which is made up of 100,530 cubic ft. 
top settlement tanks and 100,530 cubic ft. treatment tanks. Now, 
on most plants top treatment has been abandoned. It is evident, 
therefore, that, except for the purpose of having one tank over 
the other, this enormous settling capacity is unnecessary. Why 
not allow two-fifths of this tank space remain for settlement, and 
remove the other three-fifths to the level of the lower tanks ~ The 
instalment of a belt conveyor to carry the sand from the settle
ment tanks to the treatment tanks would be a simple matter and 
of no very great cost. 

The sketch (Fig. 4) will explain the scheme. The proposal is to 
take the tanks A,B,O, from their present position and place them 
at AIBICI. 

Slimes.-The treatment of slimes is a comparatively new process 
amongst us, but great improvements have been made, and the 
extractions from same are gradually increasing. Perhaps different 
and less costly methods will spring up, but the chief method at 
present is the decantation process. 

For the successful treatment of slimes it is essential to prevent 
tine sands and float sulphurets entering the slimes treatment tanks. 
This is easier said than done. 

To a great extent the sand escaping from sand tanks is kept 
from ·the slimes plant by means of a return spitzkasten to the 
tailings wheel. The secret of success is to have the spitzkasten 
sufficiently large to allow the fine sands to settle. On many plants 
the dimensions of this spitzkasten is totally inadequate, and much 
inconvenience is caused by not having sufficient fall-back to the 
wheel. For this reason the launder or pipe frequently gets choked. 
To overcome this difficulty a scheme shown in Fig. 3 proves 
satisfactory. Instead of the launder being placed at the bottom 
of the spitzkasten a pipe is put in as shown, thus elevating the 
return launder 3·b, ft. . 

It is often a good plan to have two spitzkasten working either 
in tandem or abreast, both discharging into the same launder: 

Another important point in dealing with this product from 
classification is to have a continuous feed of around lime to aet 

" " good settlement. 
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288 Carter and Burnett: On Classification [SEPT. 1903 

A native feeding by hand has been used.in the past, but this 
method at the best of times was not continuous. 

There are, no doubt, a number of contrivances for regulating the 
supply of lime. The automatic lime feeder shown has proved very 
successful on several mines. The chief features of this feeder are 
the continuous feed and the ease with which the feeding of lime 
can bl\ regulated as to the alkalinity of the water. 

A good method to use in treating slimes, by which much time 
is saved, as the circulation proceeds during transferment from one 
tank to the other, is shown in Fig. 5. The charge is received at 
tank A. It is then transferred with solution to tank 0, at the 
same time pump 2 pumps into tank B. In this manner all the 
circulation required is obtained. Then the solution is decanted. 
After this the charge in B receives its second treatment with 
solution which has passed through the boxes, and, finally, the 
charge is discharged with water. 

Often a fine sulphuret, assaying from 1 to 3 ozs., is found in the 
overflow from the return spitzkasten. This is, indeed, a rich 
product to be mixed with a 2 dwt. slime. It is possible to catch 
this fine rich stuff on blankets, burlaps or raw hides, with the 
hair pointing up stream, and if the scheme for concentrates was 
adopted this stuff could be returned to the barrel to be treated 
with the sulphurets. 

The first sli.mes plants were generally provided with large 
spitzkasten, which were considered essential, especially on plants 
of 200 stamps, to procure a thorough settlement of the slimes. In 
the latter plants these large and expensive spitzkasten have 
disappeared, and the tendency seems to be to put up tanks 50 ft. 
in diameter and allow the slimes to run into these tanks direct. 
With these large tanks excellent settlement is obtained. 

On some mines it is usual to run the washings of the ore from 
the sorting house into the tailings wheel. This practice is not to 
be recommended. This slimy material contains a great deal of 
free gold, and this free gold, which is supposed to be caught in 
and extracted from sand tanks, has been found in the slimes 
plant. 

A preferable method of dealing with this material from the 
sorting table is to run it into pits, feed lime, which would not 
only cause the stuff to settle rapidly, but help to neutralise it, and 
then send it to the mill, where the fr,ee gold would be caught, 

We understand there has of late been extensive experiments 
made in the treatment of tailing dumps in situ. Now, the gold 
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SEPT. 1903] Gold in the Tailings Heaps 

left in a tailings dump must be either gold in solution, from the 
moisture left in the residues, or gold left unattacked by the 
cyanide. .After a number of years' exposure almost all of the 
soluble gold must be washed out by the rains, so that the only 
gold to be extracted from a heap is the unattacked gold. We have 
tried to point out previously that the great percentage of gold in 
a residue heap occurs in the concentrates, and that the amount of 
gold left in the sands is small. 

We have noticed on the tailings heaps at several mines that the 
cubes of the sulphurets are gradually split open by the action of 
the elements, thus exposing particles of gold which were "bound" 
when the material was first deposited. It strikes us that the gold 
which might be extracted from a tailings heap would come 
principally from this class of the product. 

It seems unnecessary, therefore, to deal with the whole heap 
when the gold is principally in the concentrates. Should the 
necessity of treating tailings heaps occur, it may be well to dump 
the comparatively rich concentrates residues in a spot already 
prepared for their future treatment after oxidation and to keep the 
poor sands separate. 

Personally, we believe it a better policy to get the gold from the 
concentrates before they go to the tailings heap, provided, of course, 
it pays to get the extra extraction. Judging from the attention 
being paid to this part of classification, and the confirmatory 
evidence from all sides as to the possibility of getting high extrac
tions from concentrates by the cyanide process properly applied, it 
seems certain to predict that the concentrates residues in the future 
will be lower than ever they were in the past. 

In conclusion, we have tried to show that by adopting a scheme 
for treating concentrates with cyanide solution in a revolving barrel 
or mill, a coarser screen than is now generally used may be safely 
adopted. If, on the other hand, no special attempt is made in the 
future to deal more effectually with concentrates, then on most 
mines the best policy to pursue will be to crush with a fine screen-
at least 1000 mesh. 

Finally, we should like to express our indebtedness to Mr 
Guerreau, assayer of the Crown Deep, for assisting us with the 
assays carried out in connection with this paper. 

The President-I am sure you will all accord Mr Carter and Mr 
Burnett a hearty vote of thanks for their able paper put before us 
this evening, as they have brought up one important and essential 
point in the metallurgy of these fields, that is, in properly classify-

T 
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,290 Carter and Burnett: On Classification [MA~. 1904 

ing the mill pulp for proper treatment by cyanide. I am sure a 
good many of you ,may take it to heart, and if more attention were 
paid to the same, I think we should have much higher extractions 
than at present. 

DISCUSSION AT MARCH ~1EETING, 1904 

Mr A. E. Payne-I should like to ask Messrs Carter and Burnett 
what is the nature of the data which enables them to state, on page 
238: "From the cases we have observed, we notice that concen
trates get poorer the lower you get on the reefs." Are 'we to under
stand they mean there is a difference in the physical nature of the 
concentrated product? If so, it would have an important bearing 
on the nature of the deposition of the gold. Or do they wish to 
imply that poorer ore is being treated, and so we get a poorer 
product? ' 

Mr F. F. Alexander-In reading carefully through Messrs Carter 
and Burnett's paper, "Notes on Classification," in which they give 
a very concise description of how the crushed product from our 
mill,s on the Rand is handled, classified, and graded to enable the 
cya~ide solution a fair chance of attacking the gold contents that 
remain in the pulp, it becomes at once apparent how important a 
part mechanical appliances play in the proper classification or 
preparation of the different products to be treated. 

1. Goncentrates.-Vanners are admittedly the best mechanical 
contrivance for taking out concentrates, but they are commercially 
unsuccessful competitors against the more simple and cheap device 
which we term spitzlutten; the latter certainly answers the purpose, 
but they leave much to be desired in point of efficiency, especially 
so when the application of a re-grinding machine for concentrates is 
contemplated. 

To obtain a clean product from the spitzlutten that will contain 
all of the heavy particles of a certain specific gravity, requires 
great care in securing the exact balancing of the amount that flows 
through the spitzlutten in its relation to the inflow of water and 
size of spitzlutte. To clearly illustrate my meaning, a spitzlutte, 
say, 2 ft. square at the top, tapering to 3 ins. at the bottom, and 
2 ft. 6 ins. deep, may be all that is desired for the product of, say, 
20 stamps, but would be quite a failure if 50 stamps were dropped, 
or, vice versa, cyanide men are often called upon to use these 
machines with no alternative, whether,they are of proper dimen
sions or not, for the quantity of pulp passing through them. 

II. Sands.-The filling of a tank is described by Messrs Carter 
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MAR. 1904] Fitting of Sands Tank 

and Burnett as a most important operation, and I quite agree with 
them; in fact, so much so, that I know the extraction is easily affected, 
fully 5 per cent. between a badly filled tank and one that is a per
fectly filled tank-that is, a perfectly filled tank (which by the way 
is difficult to get) is one that is so carefully filled as to avoid all 
concentration, which means an even distribution of the sand all 
over the tank, the prevention of layers of slime in any particular 
portion; in fact, the exclusion of all slime, and the inclusion of all 
the sand possible. This important part of the business is usually en
trusted to a Kaffir, who becomes in a few days sufficiently intelligent 
to know when the boss is watching him, and when to fold his arms 
in utter disregard of all instruction. 

Messrs Carter and Burnett offer no suggestion to this mode of 
filling, which appeals even to the average layman as requiring 
mechanical application, and to this end I would suggest a modified 
Butters and Mein distributor, with central discharge for the over
flow water and slime. The Butters distributor clashed very con
siderably when used on these fields with the then prevalent direct 
treatment practice; the sands packed too closely, and the overflow 
was:not satisfactory. With a central discharge I fancy the difficulties 
then experienced might have been overcome, or at least very con
liiuerably reduced. This point, I feel sure, is well worth the 
eonHiuemtion of inventors. There is, to my mind, no better 
I~Ollclllltrator in a sands tank than the sands themselves, and if the 
fillIp OIltering the tank is filled in such a way as to allow a constant 
awl HLoady rippling flow over the level surface of the sand, you will 
lilld tho Hands will adhere closely to the solid surface, somewhat as 
I:ollt:tmtration is earrieu out on blanketing. It is here we have the 
l:allHO of complaint from the slimes plant, which Messrs Carter and 
I :III'IIt:1.1, atLril'llte to the inefficiency of the return spitzkasten, 
IV II il,ll, antll' nll, if! a safety valve only in case of accident, and should, 
or I:OllrHt', 110 built to act in this capacity, that is, if a lO-ft. spitzkasten 
i~ "1:(llIlt:11 IloeeHsary to allow adequate separation where 4-in. outlet 
iN IU;('tl, fl1lroly a 1 ~-ft. spitzkasten is not out of proportion as a 
.';aft:ty I'nium where q-in. outlet is employed. 

(ioillg 011 to the Blime~ plant, we find the man in charge blaming 
Lho HIInds l'eoplll for lettIng sands down; the sands men are in turn 
lih()1!iIl:~ the concentrators for not taking out all the concentrates' 
awl t}l!l cyanid~ manager chasing ~fter the construction engineer t~ 
[It'rfoct a comphcated plant that wIll require the combined energies 
of :1]] concerned for some years to come. 

lfnving found the engineer, we discuss the Cll bic capacity of the 
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sands plant which Messrs Carter and Burnett declare is insufficient,. 
and I quite agree that 201,060 cubic ft. will fall. short of actual 
requirements by about 110,000 cub. ft. on a 200-stamp proposition. 
Sixteen 400-ton tanks are required to allow ample treatment of the· 
sands from a 200-stamp mill, which is more like 160,000 cubic ft. 
top and 160,000 bottom. 

This tank capacity allows about seven days' treatment when 
Sundays are taken into account. Messrs Carter and Burnett's 
estimate of tank capacity I fancy is extremely low for adequate 
treatment, and I shall therefore base my few remarks in support of 
top and bottom tanks arrangements on the higher cubic capacity of 
an adequate sands plant. 

It is doubtful in my mind whether belt conveyers can be. 
made to work as efficiently and as cheap as the present design 
of our tank plants, in spite of their apparently heavy capital 
outlay. 

I have endeavoured above to show that 16 400-ton tanks are 
required to deal with the sands from a 200-stamp mill, and these 
16 top tanks would cost to erect £2500 each =£40,000. This 
£40,000 is therefore chargeable as capital expenditure against the 
sands which these tanks accommodate. At the rate of 6 per cent. 
the interest amounts to £2400 per· annum, which is practically all 
we can reasonably charge the collection of sands. A 200-stamp_miH 
will produce 650 tons of sands per day, Christmas Day and. Good 

650 
Friday excluded, thus 363 = 235,950 tons per annum, or 2·441d. 

per ton, which is the price chargeable against sands that are filled 
into the upper tanks as against the cost of using settling tanks and 
belt conveyers as hereunder. Vye should require at least four 
settling tanks or collectors for this product at a cost of, say, 
£10,000. Interest on £10,000 at 6 per cent. = £600, or 0·610d. 
per ton. 

This leaves the belt conveyers in the happy position of having to 
work for 1'831d. per ton in competition with existing arrangements, 
which we know to be extremely simple and most effective. 

I am of opinion that tanks placed parallel in two rows would 
constitute the best arrangement with the tailings wheel centrally 
situated at one end. This arrangement would necessitate two belts 
of about 350 feet conveyance each, and. -would cost 50s. per foot 
complete, or £1750. Allow that the life of these belts are,. 
say, two years, we have cost of installation and belts, say, 
£3000. 
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:MAR. 1904J Belt Conveyers jor Sands Plant 

Interest on capital outlay at 6 per cent. 
Cost of belts per annum 
15 h.p., allowing 130 working days of 24 hours 
Extra labour, say, five natives 
General maintenance, oil, and fitting charges 

293 

£IS0 0 0 
S75 0 0 
162 10 0 
ISO 0 0 
ISO 0 0 
-----

Total cost per annum £1577 10 0 

-or 1·604d. per ton, as against I·S31d. per ton chargeable to present 
plant. The extra labour charge against belts would be entailed 
through having to shovel the sand through three holes in place of 
seven in the present system, and the levelling off in the tank being 
filled resulting from the fixed discharge across the centre of the 
tank. 

N ow, if a saving of £250, or even more, were effected in place of 
£25 or so, which these figures indicate per annum, by installing the 
belts with the minimum collector tank capacity that I have repre
sented, I fear that any serious breakdown, strike of native labour 
on a cold or rainy day, and the many attending difficulties that do 
crop up occasionally, would more than counterbalance a small saving 
which is shown here. Should at any time during the year the mill 
be hung up for a few hours only in consequence of any such accident 
to the belt conveyers, where so much speculation is rife in order to 
save both £. s. d. and manual labour, I think we cannot be too 
careful in considering every detail before jumping to hasty conclu
sions of how to increase the treatment capacity of our present plants. 

Mr J. R. Williams-J\1r President and Gentlemen, I am almost 
certain I interpret .:\Iessrs Carter and Burnett's paper correctly, in 
that they were not exactly aiming at cheapness in plant so much as 
a higher extraction. I have listened with a good deal of pleasure to 
Mr Alexander's remarks about first cost, etc., and I am perfectly 
aware you can afford a plant of £60,000, and that the plant will 
last for twenty years, but I would also like to point out, and hope 
Messrs Carter and Burnett will take this into consideration namely 
the extra profit that will accrue from one extra grain' of gold 
extracted. If you realise that carefully, you will find on a 200-
stamp mill you can afford to ]Jut in a plant of £9000 capital 
expenditure to yield 30 per cent. interest per annum. Of course, 
Messrs Carter and Burnett brought forward a scheme of taking 
away the tanks. I do not quite agree, but I honestly think it is a 
question for experiment to prove whether belt conveyers will not 
loosen the sand to such an extent that we can possibly obtain an ex-
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294 Carter and BU1/nett: On Classification [APRIL 1904-

traction of 2, 3, or even 4 grains more per ton. When you can d() 
that, you pay for you~ ·plant the first year. 

REPLY TO DISCUSSION AT APRIL MEETING, 1904 

Messrs T. L. Carter and D. V. Burnett-We rather regret that. 
there has not been more discussion on our paper j we expected that 
many cyaniders would have had something to say about the 
classification of products, because it is a thing of such great import
ance to the present-day plants. 

Let us look back a few years or so and see the value of our slimes, 
which were then not treated, and which we fear contained much 
sand, assaying 6 or 7 dwts., now only 2 dwts. Why 1 Chiefly on 
account of the classification. 

Mr Alexander in his discussion of our paper draws particular 
notice to the spitzlutten method of concentration. We thoroughly 
agree with him, and are certain that more attention should be given 
to this means of concentration. 

It is often found that the flow from the spitzlutten is inconstant,. 
one moment giving concentrates, and the next pure water. It is 
nothing out of the way to have it. blocked through broken screens 
in the mill, and if not discovered at once the concentrates continue 
on their course into the sands. 

There also seems a tendency to erect plants of 50 to. 200-stamp. 
mills and give them the same spitzlutten capacity. This is a grave 
mistake, but no doubt, now that the re-grinding of concentrates in 
tube mills is to take place, more notice will be taken in the .method 
and eccentricity of the spitzlutten. 

He also notes that we offer no suggestion to the mode of filling 
now in vogue. It is true, for the reason that the central discharge 
for slimes has stumped us. The central discharge is necessary when 
the mechanical distributor is used j many ideas have been tried, but 
none to our knowledge have turned out satisfactory, and until the 
central discharge· is perfected, we fear no mechanical filler will be of 
much use. 

This central discharge will have to be perfect, as any accident. 
will cause endless worry on account of it being the only discharge,. 
whereas the present system has three. 

Mr Alexander thinks that the return spitzkasten to wheel should 
only be a safety valve. We cannot agree with him j it is a very 
important factor in a cyanide works, and its dimensions should be. 
such that it will return all sand to wheel. The lower the slats and 
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blinds are kept in a tank, the better filled the tank j there is less 
chance of slime layers. But in mills where much lime is used, if much 
water is kept on the tank, a settlement of slime will occur, which will 
be detrimental to sands residues. We would much rather see sand 
escape to a spitzkasten, the dimensions of which would be sufficient 
to deal with any sand let over the blinds, than intentionally keeping 
a tank covered with slimy water gradually being settled to prevent 
the sand escaping to a spitzkasten not capable of dealing with the 
sand, if it did by chance escape. 

Now we come to the cubic treatment capacity of a sand plant. 
Mr Alexander declares that 201,060 cubic ft. is totally insufficient for 
the sands of a 200-stamp mill. We agree, but yet many cyanide 
managers are forced to make the best of it and take all the blame, 
loss of extraction, and high residue sand with only five days' 
treatment. We fear Mr Alexander thinks all of us so liberally 
supplied with tanks as himself-alas! it is not so. 

The total capacity in cubic feet for a 200-stamp mill, crushing at 
a rate of 5·3 tons per stamp per day, if the double tank system is 
used, should be, from a cyanide man's point of view, concentrates :-

Concentrates 
Sands. 
Slime. 

122,400 cubic ft. 
306,000 " 
225,000 " 

This would allow 14 days on the sands, many less tanks being 
required if settlement took place in settling tanks and conveyers 
were used. 

Mr Alexander in the beginning of his discussion says, "It be
comes at once apparent how important a part mechanical appliances 
play in the proper classification or preparation of the different pro
ducts to be treated." Yet I am sorry to see that Mr Alexander later 
endeavours to prove the uselessness of conveyers for: handling sand. 

We will now try and show that the figures giv~n to prove the 
uselessness of conveyers cannot seriously be entertained. He states 
that a top tank would cost £2500, and that a settling tank would 
cost the same. The actual figures he used were, "16 top tanks at 
£2500 each = £40,000, or in place 4 settling tanks, costing £2500 
each =£10,000. We are able to state that any 40 ft. by 7·6 ft. 
tanks can be built and erected for £800 each, as no columns or 
girders will be required." ,Ve therefore must reduce the price of 
his 4 settling tanks from £10,000 to £3200, and so we get on a 
200-stamp mill crushing the usual tonnage-
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16 top tanks, £40,000 at 6 per cent. over 235,960 tons = 2·441d. 
I per ton, against 

4 settling tanks, £3200 at 6 per cent. over 235,960 to~s = 0·191d. 
per ton, 

which leaves us 2·250d. for the interest on instalment and the 
working of co~veyers, which, according to Mr Alexander, would 
cost. interest and maintenance £1577 per annum, or 1·604d. per 
ton, which would leave us to the good' 0·646d. per ton, or about 
£600 profit per year-a considerable saving. 

By using conveyers a very costly item would be saved, viz. the 
tailings wheel, or, if any were required, a 15-ft. wheel would be 
quite sufficient. Now, beyond the saving of the tanks and the 
wheel, we wish to point out the saving on the working costs. To 
do this I will take the Blaisdell excavator, distributor, and conveyer, 
as used and published by Messrs Charles Bullers and A. F. Crank 
before the Institution of Mining and Metallurgy, London, 19th 
November 1903. 

The Blaisdell excavator is a series of rotary discs placed at an angle, 
shoving the sand to a central hole in the tank from where it drops 
to a conveyer and is conveyed to another tank to be discharged. 

The figures given do not include dumping, only conveying to a 
bin for dumping:-

Discharging by excavator to belt 30'5 h.p. at 1'1 c. 
Conveying to leacher 41'5 h. p. hr. at 0'96 c. 
Distributing to leacher 8'5 h.p. at 1'1 c. 
Discharging leacher 11'5 h.p. at 1'1 c. 

Total cost 3s. 11 d. per tank 

33'55 
39'80 
9'35 

12'65 

95'35 c. 

37d. per ton. 

~ow, we believe 1 h.p. cost Id. here and ~d. in America, so I 
shall double 37d: per ton and make it 74d. per ton, and double 74d. 
per ton again to make up for two men and dumping, and we get 
148d. per ton. I think Mr Alexander would now like to instal 
this. 

Now, I will briefly show the other side of the adv/!-ntage gained. 
Mr J. R. Williams has pointed out time after time what a grain per 
ton saved means on a 200-stamp proposition, and we believe, by using 
the aforesaid method, grains-not only a grain extra-would be 
extracted, firstly, because a leaching vat will have to be 40 per cent. 
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bigger to hold the same quantity as the settlement tank holds, as 
the conveyer and distributor places and distributes the sand so 
evenly and lightly, the 40 per cent. extra space is taken up by air, 
hence the higher extraction. 

The distribution is so even that percolation is all over the tank 
and not, as at present, through the sandiest part of the tank. All the 
lumps which roll down the pyramids, caused by lowering by hand, 
are broken up in this distributor; each grain of sand is aerated when 
shot out from it. 

We feel sure that this is the way to get higher extraction and to 
reduce expenditure, to do away with the Kaffir or Chinese lowering 
the 300,000 tons of sand yearly crushed by a 200-stamp mill, shovel 
by shovel, and after leaching, over again shovelful by shovelful. 

In reply to Mr Payne, we would state that as poorer ore IS 

treated in the deep level mines, the concentrates are poorer. 
This reply is longer than we intended, but our present system of 

handling the cyanide product provoked it. 
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IX 

A NEW AND RAPID METHOD OF DETECTING AND 
ESTIMATING GOLD IN WORKING CYANIDE SOLU
TIONS 

By JAMES MOIR, M.A., D.Se. (MEMBER) 

(Read at September Meeting, 1903) 

As is well known, the determination of gold in cyanide solutions by 
evaporation and fire assay, although possessing considerable 
accuracy, is an extremely cumbrous and lengthy process, especially _ 
when very weak solutions are dealt with. In consequence of this 
fact the control of the zinc precipitation of gold is rendered difficult, 
for the reason that the assay of the liq~or from the foot of the zinc 
boxes is frequently not obtainable before the next day, by which 
time the solutions may have become seriously deranged; for example, 
gold-bearing solution may have been used for leaching. 

Several processes have been introduced to ameliorate this state of 
affairs; of these only the methods standing in the names of Mr 
Crosse and of Professor Christy have met with technical success. 
These are precipitation processes, and lessen the time required by 
eliminating the evaporation necessary; nevertheless, they still 
require a couple of hours to complete. 

When my attention was first called to the necessity for a quick 
method of detecting traces of gold present as aurocyanide, I sa\v 
that not only the evaporation but also the fire assay must be cut out 
if the time required was to be materially reduced. The only alter
native was a colorimetric method, and this we have ready to hand 
in the purple of Cassius test. This test, however, does not detect 
gold in presence of cyanide; probably because the complex ion has 
no tendency to dissociate into gold and cyanogen. The problem is. 
just the same as that of detecting iron in potassium ferro cyanide,. 
which cannot be done by any direct test for iron. A second 
problem was that of making the purple o~ /Cassius test sufficiently 
sensitive to detect 1 or 2 grains of gold per ton of solution .. 
The test applied to gold trichloride fails to detect gold in a solution. 

298 
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more dilute than one part in a million. (14 grains per ton), and no 
other test is appreciably more sensitive. Finally, there were two· 
more conditions which any such test must satisfy, viz.: (1) the free 
cyanide must be destroyed, else the gold would re-dissolve; (2) all 
the impurities, such as zinc ferrocyanide, must be kept in solution, 
else gold wiII be lost by being mechanically entangled in such, 
flocculent precipitates. The latter 'condition was the stumbling 
block of my earlier efforts. I soon found that boiling the cyanide
solution with aqua regia and precipitating the gold with zinc or 
aluminium satisfied all the other conditions, yet the zinc ferro
cyanide, which remained unaffected, retained the metallic gold so' 
firmly that it was impossible to dissolve it in aqua regia, and, 
consequently, incorrect results were obtained with working 
solutions, although perfectly satisfactory results were obtainable 
with artificial aurocyanide solutions. 'After some months of 
experimenting, during which I tried all ordinary reducing agents, 
and even such unusual ones as hydroxylamine, hydrazine, and 
phosphorous acid, I gradually evolved the new process which I now 
recommend, and which takes less than twenty minutes to complete. 

The principle of this process is to precipitate the gold by means 
of the strongest available galvanic couple in a medium which 
destroys the cyanides and keeps the ferrocyanides and other 
common impurities in solution. The metallic gold is then dissolved 
in aqua regia and tested for with stannous chloride in the usual 
way. The different intensities of colour Qbtained are sufficiently 
distinct from one another to enable an estimation of the gold, within 
a few grains, to be made by comparison with a graduated colour
wedge or a set of standard colours, but after a little experience one 
can dispense with these and estimate within less than 0'2 dwt. by 
eye alone. The process is as follows :-

One hundred c.c. of the cyanide solution is poured into an evaporat
ing basin (of not more than 300 c.c. capacity), treated with not more 
than 1 gramme of sodium peroxide, and boiled for two minutes to 
destroy the cyanide. The quantity of peroxide and length of time 
of boiling is varied according to the amount of free cyanide present. 
Next, two drops of lead acetate solution (10 per cent.) are added, 
whereon a brown spot of lead dioxide forms and re-dissolves, if 
excess of sodium peroxide has been employed. N ext, the flame is 
removed and a small quantity (about 0'1 gramme) of aluminium 
powder is added and the mixture vigorously stirred until hydrogen 
ceases to come off. If the aluminium is finely divided the liquid 
will not require to be heated. What happens is that metallic lead 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)
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is first precipitated and then the aluminiuni-Iead couple electrolyses 
the aurocyanide, so that finally we have a black 'precipitate con
sisting of lead and gold, whilst the liquor no longer contains cyanide. 
The mixture is filtered through a small paper and the dish rinsed 
out into it. This is very easy with so alkaline a solution. The 
.:filtrate is rejected. Next 10 C.c. of aqua regia is warmed until it 
.turns yellow and poured into the paper, and the filtrate is collected 
in a test-tube, boiled, and poured through the paper again. This is 
repeated until the filter paper is perfectly clean,l whereon it is 
washed out with a small quantity of water. The yellow filtrate is 
then treated with strong stannous chloride solution, added drop by 
drop, until the yellow colour has faded. If the original cyanide 
.solution contained over 0'5 dwt. of gold the purplish-blue shade 
appears at once, but if only a few grains of gold per ton were 
present the mixture must stand a few seconds. After half a minute 
the full intensity is attained, and the comparison with the standards 
is made .. For exact work the solution is poured into a cylinder 
·exactly 1 inch in internal diameter and made up to a definite 
volume, say, 15 C.c. with water, before making this comparison. 
The purple solution fades through oxidation on keeping, and there
fore cannot be used for a standard. I therefore use a permanent 
imitation of the shade, made by adding copper sulphate solution to 
·cobalt nitrate solution until the exact tint is obtained. The mixture 
is diluted for use and standardised by the results of the foregoing 
process applied to cyanide solutions of known gold-content. 

For the range between 0'5 and 2 dwt;;. per ton the most convenient 
standard is an" indigo-prism" or triangular bottle, which, when filled 
with the above coloured fluid, affords a gradually varying thickness 
·of liquid, and can be graduated empirically once for all, so as to read 
directly in pennyweights per ton. This is held horizontally and moved 
.across the cylinder at the level of the gold-containing liquid until 
its colour is matched, when the value is read off. Some practice in 
matching colours is required in order to read to 0'1 dwt., but with
out practice one can read to 0·2 dwt. Of course, it is more satis
factory to keep a set of standard tubes (15 c.c. in tubes of constant 
.diameter) differing in value by, say, 3 grains, but this takes a 
longer time to prepare.2 , 

For quantities under 10 grains per ton it is best to look down 
the tubes and make the comparison exactly as in "N esslerising." 
The lower limit is about 2 grains per ton; but if one starts with 
.a larger quantity of the original cyanide'solution than 100 c.c. the 

1 See discussion on this point. 2 See end of reply to discussion. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



SEPT. 1903] Chemistry of the Process 301 

sensitiveness is proportionately increased, as the gold· is still con
centrated into the final 15 C.c. Thus, if 500 c.c. be taken, the limit, 
is about 0'4 grain per ton (one part in thirty-five millions). This, 
should be easily sufficient to detect the gold in that "low-grade 
proposition "-the sea. 

It should be noted that the differences of intensity are less 
marked for the darker solutions; anything over 3 dwts. per ton 
gives a nearly opaque solution. Therefore, if the solution to be' 
tested is known to be strong, only 50 or even 25 C.c. should be 
taken for the experiment, diluting to 100 c.c. and multiplying the' 
result by two or four respectively. 

The best mixture for the aqua regia is 100 c.c. conc. nitric acid, 
300 c.c. conc. hydrochloric acid, and 400 c.c. water. This mixture 
keeps well, and does not evolve chlorine until heated. Stannous 
chloride is best dissolved in dilute hydrochloric acid; the trace of 
stannic salt usually present is advantageous, but the solution must 
be filtered until absolutely clear. 

The best stout filter paper must be used in order to resist the 
powerful reagents used; the sheets are usually best. 

The chemistry of the process is simple: the cyanide is hydrolysed 
and oxidised to ammonia and carbon dioxide by the sodium 
peroxide-

KCN + NazOz + 2H20 = Na2C03 + NHg + KOH. 

Part of the sodium peroxide is decomposed into free oxygen and 
sodium hydrate, and the latter, with the aluminium-lead couple, 
gives nascent hydrogen, which reduces the nurocyanide to gold. 

Al+6NaOH+3KAu(CN)2=Al(ONa)3+3KGN +3NaCN + 
3Au + 3H20. 

The fate of the lead compounds is expressed in the following 
equations :-

(1) PbA2 + Na20 2 = Pb02 + 2NaANa2PbOg• 

(2) Na2PbOg + 4H = Pb + 2NaOH + H20. 
(3) Pb + Cl 2 = PbClz. 

For the benefit of those who cannot at present obtain sodium 
peroxide I have introduced a modification. A solution is made 
of 30 per cent. sodium hydrate and 0'1 per cent. litharge. Ten c.c. 
of this is boiled with 100 C.c. of cyanide solution for five minutes, 
then the aluminium is added, and the rest of the process is the 
same. In this case the cyanide is des·troyed by nascent hydrogen 
and by hydrolysis, and rather more time is needed. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



302 J. Moir: Gold in Cyanide Solutions [SEPT. 1903 

.(1) 3KCN + 4AI + 9NaOH + 3H20 = 3AI(ONa)g + 30H3NH2 + 
Al(OK)3' 

(2) KUN +2H20=NH3 + HC02K. 

I have, in fact, succeeded in isolating methylamine from the pro
,ducts of this reaction. 

Finally, I consider that the process is quite as accurate as a fire 
assay done on 100 c.c" for the latter would be accurate only to 
,3 grains with a balance sensitive to -iff mg.; and, considering 
that the time required is so short, I am hopeful that the method 
will prove to be a real advance on previous work, and will conduce 
to fuller efficiency in our extraction processes. 

The President"":""I am pleased to see by the hearty way in which 
.you have received this paper that you consider it a valuable one; 
,and I should like to congratulate Dr Moir on the success which has 
attended his efforts in evolving a process which will be a most 
valuable adjunct to our cyanide process, inasmuch as it can be put 
into the hand of an ordinary shifts man and in half an hour he can 
tell whether his boxes are doing well. I should like to say that I 
.have'made several practical trials myself; and have put them into 
the hands of men who knew very little about chemistry, and they 
have also attained the same results. Therefore, I have pleasure in 
confirming the results Dr Moir has told you he has obtained by this 
method. Assayers may also thank him for evolving this process, 
for it will save them a good deal of work. 

Mr. J. R. Williams-I have much pleasure in seconding the vote 
of thanks. I am one of the few preaent who has had an opportunity 
-of judging this process. I would point out we have sometimes had 
to wait as long as two days for the results of assays of solutions, 
but, by Dr Moir's method, in half an hour we get a result sufficiently 
-close for what may be required. 

In investigating cases of bad precipitation we can accomplish in 
a couple of days more than can be done in a week in the ordinary 
way. Going to a plant the other day we had to decide which 
tanks had to be discharged, as the final drainings from one tank 
showed by Dr Moir's method 2 dwts. of gold per ton, and in another 
set we found 6 grains of gold per tOll. This speaks for itself. 

The value of this process can only be realised by men working 
in the cyanide works; and I strongly re90mmend them to see Dr 
Moir and bring with them some of their 'ordinary working solutions, 
.and I think that Dr Moil' will give them results sufficiently close 
to the ordinary' assays as to prove that this colorimetric test will sa ve 
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them a good deal of work. It is on a par with the well-known test 
for the estimation of carbon in steel. 

DISCUSSION AT MARCH MEETING, 1904 

Mr G. Melvill- In thanking Dr Moii" for his most valuable 
paper, I should like to make a few remarks on the subject :-

I do a good many samples daily, and can always arrive at a 
result within 2 grains of the fire assay on 1000 c.c., so at present 
instead of sending about 120 solution-samples a month to the assay 
office I have reduced the number considerably. The assayer thus 
is relieved of a good deal of work-for which I am sure he is not 
sorry-and my assay charges are considerably reduced; besides, 
instead of waiting two or three days for my results as usual, I get 
them within an hour, which is a great consideration, and very often 
a saving of gold. It only takes about an hour of my time each day 
to do the necessary solutions, and I am sure other cyanide 
managers can spare that time. I can confidently recommend them 
to adopt Dr Moir's new method, and would advise them also to teach 
their shiftsmen, as I have done, to work it. I believe several mines 
have adopted it, but they do not seem to have faith in it. Perhaps 
it is because they have not given it a fair trial, or thought it too 
much trouble. I always take 200 c.c. of solution, when I think it 
contains less than 1 d wt., and 500 c.c. if less than 3 grains, and under 
favourable conditions I can complete one sample in 17 minutes. I 
find powdered aluminium gives better results than sheet aluminium. 
A fresh solution of stannous chloride should be made up about every 
ten days. The other day I was doing a solution which I expected 
to be fairly rich in gold, but got no colour with some old stannous 
chloride, but on using some fresh stannous chloride I got the colour 
immediately. I would now like to ask Dr Moir a few questions 
which I am sure he will answer. 

What would be the effect of adding too much sodium peroxide ~ 
What is the insoluble precipitate that remains on the filter paper, 
and why should there be more at one time than another, when 
working with practically the same solution 1 Why are some colours 
purplish-blue and others purplish-red. Dr Moir states that the 
purple solution fades through oxidation on keeping. So it does, 
but the original colour can always be restored at any time byadd
ing a drop or two more of stannous chloride. 

Mr D. V. Burnett-I should like to state that I have tried 
several solutions with Dr Moir's test, but have absolutely failed to 
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get any coloration, and therefore should like Dr Moir to point out 
where I am wrong. This solution I tried contained 3 dwts. of gold, 
and the absence of coloration is puzzling. 

Mr F. F. Alexander-I have found in some cases where we have 
the solutions too foul, the test appears absolutely valueless. I 
would also like to call to Mr Melvill's attention that he seems to 
get more than one colour in the test, and yet states results to 
1 or 2 grains per ton. The coloration test would be a useful one 
if we could rely upon it. My experience goes to prove that it is 
very unreliable, even for everyday work. 

Mr G. Melvill-Working as often as I do, I know all the 
different colours more or less now. I found one failure was due to 
insufficient aluminium, as upon adding more I got the colour 
immediately away. 

Prof. A. Prister-I will try to explain some of the cases where 
Dr Moir's colorimetric method does not give a result. 

The first may be due to the aluminium powder we get here, 
which, in reality, is not aluminium powder, but aluminium colour, 
and contains a large amount of impurities and grease, which renders 
it quite useless for such delicate work. In any case, it should be 
washed with benzene and ether before it is used, in order to remove 
the grease. 

Another cause of failure is that sometimes too much sodium 
peroxide may be added, so the alkalinity of the solution becomes 
so strong that the greater part of the aluminium is dissolved and 
nothing is left to effect the precipitation of the gold. If all the 
cyanide has not been destroyed, it would have the same dissolving 
effect as the excess of alkali would have on zinc shavings, which 
has been already discussed. Another cause which may prevent the 
precipitation of the gold is the presence of an excess of sulphides in 
the working solutions. At the suggestion of our President, I took 
a cyanide solution and added an excess of sulphide of ammonia. I 
could not get any precipitation of the gold with zinc powder, when, 
on the contrary, the precipitation was a quantitative one in another 
sample where the sulphide was not present. 

The President-Well, as there is no one else desirous of criticising 
this paper, if Dr Moir is ready now, we may ask him to reply to 
the few remarks made. 

REPLY TO DISCUSSION AT MARCH MEETING, 1904 
Dr J. Moir-In replying to the discussion on my method, I 

must first remark that it is unfortunate that, owing to the crowded 
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condition of our agenda paper, the subject has re~illed undis
cussed until now, and that consequently my reply may not cover all 
the possible sources of difficulty which may have arisen. Mr 
Melvill sets a good example by using fixed quantities of the 
reagents, and has therefore, I am glad to hear, had successful results. 
With regard to his inquiries: (1) I now find that it is sufficient for 
the tin solution to use a strong solution of stannous chloride in 
dilute hydrochloric acid, which is kept fresh by having some metallic 
tin in the bottle. It is unnecessary to form stannic chloride in this 
reagent, since if the aqua regia mentioned below is used there will 
always be free chlorine in the final solution, and a good colour will 
be got. (2) If excess of sodium peroxide is used, it will waste 
the aluminium and perhaps cause incomplete precipitation. It 
attacks aluminium without liberating hydrogen-

2Al + 3N a20 2 = 2Al(ON a)3' 

and, therefore, no gold will be precipitated until the excess of sodium 
peroxide has been destroyed. I find that it is better to use too little 
sodium peroxide than too much, since not only does an excess make 
the reaction with aluminium too violent, and thus cause a loss of gold, 
but also I find that it is not absolutely necessary to destroy every 
trace of cyanide. It may be thought that an excess of aluminium will 
make up for an excess of sodium peroxide, but owing to the crudity 
of commercial aluminium an insoluble residue is left which seems 
obstinately to retain some gold. I find that this insoluble residue 
consists essentially of silica, but contains some alumina and organic 
matter from the grease with which the aluminium powder is coated. 
It is very advisable to remove the grease by percolating ether, 
benzene, or petroleum through it and squeezing and drying before 
use, as Prof. Prister has suggested. Probably it would also be safe 
to remove the fat by heating the substance to, say, 3000 C., since 
aluminium is not easily oxidised. If commercial aluminium is 
dissolved in acids, a black residue of silicon is left, which oxidises 
to 'silica on heating. If, however, it is dissolved in sodium peroxide 
solution the silicon is oxidised to silica, and the reason why the 
silica does not dissolve is that the alkali has all been turned into 
sodium aluminate by dissolving the aluminium. 

Mr Burnett says that he has absolutely failed to get any result 
from the test. I can only suggest-in absence of more definite 
information-that he must have been working without a knowledge 
of the principle of the test. This principle is that the gold is first 
precipitated, and then re-dissolved by aqua regia. If the test fails 
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~bsolutely, either no gold has been precipitated (through using too 
much sodium peroxide), or it has not been dissolved in the aqua 
regia, owing to the latter being too weak or incorrectly made, or 
from having used so much aluminium that the aqua regia gets used 
up in dissolving it. Even the use of lead acetate can be overdone, 
and so much lead be precipitated with the gold that the aqua regia 
gets exhausted in dissolving it, and the result is obscured by the 
crystallisation of lead chloride from the liquid. In any case, 
excessive use of lead or aluminium causes the final colour to have 

- an abnormal shade, and may even precipitate or coagulate the 
purple, and spoil the test. 

In many cases it has been found that the colour obtained varies, 
and I have been making a lot of experiments to try to get at the 
explanation of this. The purple of Oassius is undoubtedly a 
colloidal combination of gold and metastannic acid-what is known 
as a "solid solution "-and the shade depends on the state of 
aggregation of the gold, and is, therefore, altered by anything which 
tends to coagulate the gold particles, such as the presence of salts. 
The normal shade (from aqua regia) is bluish-purple, but a pinkish 
shade is frequently obtained, especially when the quantity of gold 
is very small, and the aqua regia contains too little nitric acid or 
has been exhausted by dissolving too much aluminium. I find that 
the colour is constant and the results reliable, if the aqua regia is 
made to correspond with the ratio 2HN03:3HOl. This is made by 
mixing 400 C.c. of Merck's fuming (yellow) nitric acid of sp. gr. 
1'47 with 400 C.c. of water and 1500 C.c. of Merck's pure 
hydrochloric acid of sp. gr. 1'124. The nitrous acid contained in 
yellow nitric acid seems to be necessary. The above mixture is 
stable, but should not be kept in a bright light. My original idea 
that traces of ferrocyanides and sulphocyanides left in the precipitate 
affect the colour, proves to be untenable; direct experiment with 
small quantities of these impurities shows that they do not affect 
the shade of the colour, although they undoubtedly affect the 
precipitation of gold by aluminium. 

Mr Fraser Alexander finds the test" very unreliable for every
day work" on his mine, " especially when solutions are foul." I 
can only say that whenever I have tested solutions from the Ferreira 
Deep, using proper aqua regia, I have got the assay value of the 
solution all right, although the shade of the ,colour is blue rather 
than violet. The question whether '/foulness" of solutions can 
make any difference to the test I cann~t profess to solve until I have 
clearer ideas as to what" foulness" is. 
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The following are some of the results taken from some of these 
.cases of supposed failure :-

Fire Assay. KCN. Result by Test. Remarks. 
Dwt. Dwt. Per ceut. 

l. 1'35 0-17 1'30 

2. 1'35 0'17 1'20 Excess sodium peroxide. 

:3. 1'35 0'17 1'40 Slight excess aluminium. 

4. 1'70 0'07 1-10 Pink shade, owing to too weak aqua 
regIa. 

1·70 {1.60 Pinkish purple. 
5. 1-75 Blue (strong aqua regia). 
6. 0'65 1 0'03 0'60 Pink, only on standing .. 
7. 0'85 1 0'03 0'75 Purple (strong aqua regia). 
8. 0'80 trace 1'00 2 

'With regard to Prof. Prister's remarks, I cannot agree that the 
impurities in working solutions may vitiate my test. Ferrocyanides 
and ferricyanides are dissolved by sodium hydrate, and sulpho
cyanides are not precipitated at all, therefore both these pass into 
the filtrate which is rejected. Excess of calcium sulphate gives 
trouble by coating the metallic precipitate with calcium hydrate; 
and excess of lead (which is frequent) increases the work which has 
to be done by the aqua regia, therefore lead acetate must not be added 
in such cases. The Professor's test 3 is essentially similar to my own, 
and gives similar results, but the copper introduces the difficulty that 
much stannous chloride is required to remove the green colour and 
exhibit the shade of purple of Cassius. His glycerine standards are 
too unstable for preservation. 

I can now give the composition of my own copper-cobalt standards: 
14'2 gms. of crystallised copper sulphate and 6'5 gms. crystallised 
cobalt nitrate are dissolved and made up to 100 c.c.; 15 C.c. of this 
mixture corresponds to 4 dwts. per ton gold when placed in a i-in. 
test-tube. The other standards down to 0'5 dwt. are got by diluting 
the above liquid the required number of times, e.g. the 1-dwt. 
standard is made by diluting 25 C.c. of the above to 100 c.c. For 
colours below 0'5 d wt. the shade is more pink, and may be imitated 
by a solution of equal parts of the above salts. 

In conclusion, I hope that these explanations may remove some 
of the difficulties which present themselves, and repeat that I shall 
be happy to investigate any further cases of difficulty. 

1 These two figures were got from the game solution by two different assayers. 
" In this case Prof. Prister's test gave 1'0 dwt. also; Cassel's gave nothing. 
:; See this volume, pp. 385-388. 
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The President-I should like to thank Dr Moir for his able reply; 
and before we dismiss the subject, I should like to remind you of 
what he suggested himself when he read his paper, namely, that 
those interested should go to him with samples of the solutions 
which they have failed to obtain results from, and I .feel sure 
if they make an appointment with him beforehand he will be able 
to satisfy them on the points raised. 
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X 

THE MANUFACTURE OF NITRO-GLYCERINE 
EXPLOSIVES 

By WILLIAM CULLEN (MEl\IBER) 

(Read at October Meeting, 1903) 

THE following notes are written with the object of assisting those 
members of the Chemical, Metallurgical, and Mining Society who 
visited the Dynamite Factory on the 22nd August 1903 in having 
a. clearer understanding of the different processes involved. 

One of the most important things for a factory is to have an 
.ample supply of water, and this is attained at Modderfontein 
through three large dams, the combined capacity of which is some
where about 150,000,000 gallons. 

The chemical processes involved are really very simple, and may 
be classed under the following heads :-

1. Manufacture of sulphuric acid. 
2. Manufacture of nitric acid. 
3. Mixing together of these acids to make what is called mixed 

acids. 
4. The mixing of these mixed acids with glycerine. 
5. The separation of nitro-glycerine from the refuse acids. 
6. Recovery of the refuse acids. 
7. The separation of the traces of the acids from the nitro

glycerine. 
S. Mixing .,of the nitro-glycerine with the ingredients which go 

to form the different explosives. 
9. Cartridging of the explosives and subsequent wrapping of same, 

1. Manufacture of Sulphuric Acid.-At Modderfontein the old 
system, i.e. the chamber process, is employed, and the acid drawn 
off from the chambers is comparatively weak. In order to bring it 
up to the strength of 96 per cent. monohydride, it is concentrated 
in something like the following manner: First of all, it is run 
down a cascade composed of a series of shallow lead vessels, the 
temperature of which gradually rises as the acid reaches the bottom 
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3 10 Cullen:' Manufacture of Nitro-Explosives [OCT. 1903-

vessel. From this it flows into a platinum still which strengthens 
the acid still further, and, finally, it is brought up to the desired 
strength by distillation in another platinum still, the temperature 
of which is slightly higher. The distillates produced are simply 
sent back to the first vessel of the cascade, where they start being 
concentrated again. The concentration of the dilute sulphuric 
acid produced in process No. 6 differs a little from the process just 
described, but only in one particular, that the final concentration 
takes place ill an iron instead of a platinum retort. 

2. Manufacture of Nitric Acid.-This is an extremely simple 
chemical process, and is brought about by mixing sulphuric acid 
with nitrate of soda (Chili saltpetre) in a cast-iron retort. The 
nitric acid, being volatile, distils a;way when the mixture is fired,. 
and is usually condensed in earthenware condensers. Air cooling 
is generally sufficient to· effect condensation. There are many 
different types of condensers, but all are much the same in principle. 

3. Mixing together of these Acids to make what is called Mixed Acids. 
-This a very simple process, the first part of which takes place in a 
large iron vessel, which is commonly called an egg. The acids are, of 
course, carefully tested beforehand to see that they are up to strength, 
and they are naturally weighed off to insure the proper proportions 
being used. When they have been thoroughly mixed they are sent 
up to a central distributing station at one of the highest points of the 
factory, from which they are run to most of the departments by 
gravity; where this is not possible, they are sent by means of com
pressed air. The reservoirs in which the mixed acids are stored 
are of iron, and, contrary to general expectation, they last very 
many years and only, as a matter of fact, go where the fumes and. 
not the acids themselves come in contact with the iron. 

4. The Mixing of these Mixed ACids with Glycerine.-This is an ex
tremely interesting process, and takes place in a large cylindrical lead 
vessel, the interior of which is filled with lead pipes, through which. 
cold water is constantly circulating. The proper quantity of mixed 
acid, which, by the way, contains about 33 per cent. nitric acid and 
62 per cent. sulphuric acid, is first of all run into this cylindrical 
vessel, and the glycerine is dropped in from above by a special 
device. A large amount of heat is evolved in the reaction which 
takes place, and the whole contents are churned up by means of 
compressed air to prevent local evolution of/heat, which is dangerous. 
The cooled water referred to keeps down. the temperature, or rather 
helps to keep down the temperature, whIch, by the way, is never 
allowed to rise above 30° C. The man in charge of the operatioIL 
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OCT. 1903] Manipuiatzon 0./ the Nitro-Glycerine· 3I I 

must keep his eyes continually glued on either of the two thermo
meters which dip into the contents. Should the temperature 
tend to rise above the specified figure, he can use one of several 
devices to keep it down. From this vessel, called the nitrater, the 
mixture flows by gravity to another, called a separator. Nitro
glycerine, being lighter than the mixture of acids, gradually rises 
to the top, and after about half an hour a clearly defined line shows 
the difference. From a tap, situated in the bottom of the separator, 
the acids are drawn off into a small tank, from which they run by 
gravity to a house called the nachscheider house. The nitro-glycerine, 
on the other hand, is diverted into another small tank, which is 
filled with water, and in order to prevent local heating, because it 
still contains a good deal of acid mixture, the whole mass is churned 
up by compressed air and immediately run down to a house called 
the wash-house. It will be observed that in all the processes so 
far described gravity is made use of wherever possible. 

5. The Separation of Nitro-Glycerine f1'om the Refuse Acids.-This 
takes place in the house referred to above as the nachscheider house, 
which, being translated, means after separator. Apart from the 
large number of safety devices, the principle involved in sending the 
acids to this house is an extremely simple one. A nachscheider is 
merely a very large lead bottle with an extremely narrow glass 
neck, holding anything between 5 and 8 tons of mixed acids. 
As already said, the mixed acids, as they separate from the nitro
glycerine, contain a certain amount of nitro-glycerine which has not 
been completely separated, but after standing in these large bottles 
for a day or two the nitro-glycerine gradually rises to the narrow 
neck and is skimmed off by the operator, who next purifies it much 
in the same manner as described in the next process. The acids, 
which are now fairly free from nitro-glycerine, are sent by com
pressed air to the deuitration house, where they are subjected to 
the process described in No.6. 

6. Recove1'y of Refuse Acids.-In the manufacture of nitro
glycerine the sulphuric acid really takes no place in the chemical 
reaction, and is only present to absorb the water formed through 
the chemical reaction. Consequently, through the absorption of 
this water, it becomes weak, and the same remark applies to the 
nitric acid, which, however, does take part in the chemical reaction. 
Even when the reaction is completed, the mixture of acids still 
contains 10-12 per cent. of nitric acid, and, naturally, it does not 
pay to throw this away. The mixture of acids is sent up from the 
nachscheider house to a distributing tank in the denitration house, 
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and from this distributing tank it is made to trickle down a 
"tower" which is tightly packed with lumps of pumice. On its 
way trickling down this tower it meets a Jet of steam, which 
causes, in the first place, a very large evolution of heat. The result 
of this heat evolution is that the nitric acid is dissociated from the 
sulphuric acid, this dissociation being coincident with a dilution 
through steam. The nitric acid, which, however, contains a large 
admixture of various oxides of nitrogen, is condensed in much the 
same manner, as already described in No.3. The sulphuric acid, 
being non-volatile at the temperature obtaining, continues on its 
way to the bottom of the tower and, being very much diluted, has 
to be returned again to the acid' department for concentration. 
The same remark applies to the nitric acid, which is seldom stronger 
than 50 per cent. 

7. The Separation of the Traces of the A cids from the Nitro-Glycerine. 
-This is a very important point, as nitro-glycerine, which contains 
traces of acid, is apt to become chemically unstable. Chemically 
unstable explosive is extremely dangerous, therefore every en
deavour is made to remove the last traces uf acid from the nitro
glycerine. This is effected, in the first place, by churning it up 
several times with water, which, being lighter than nitro-glycerine, 
can be run away from the top. Subsequently a little alkali is 
added, this time in the heat, and, as a result, the acid is quite 
neutralised and the alkaline wash is drawn away from the top in 
the same manner as the plain water. The nitro-glycerine, before 
being considered safe, has to pass a very severe test for chemical 
stability. After undergoing this washing process it is ready to be 
made into explosives, but it is first of all filtered to remove 
moisture. From this house (wash-house) it is taken away in gutta
percha buckets to the mixing house. 

S. Mixing of the Nitro-Gl.ycerine with the Ingredients which go to form 
the different Explosives.-This is a process carried out differently in 
almost every different factory, but at Modderfontein, taking 
blasting gelatine as an example, the following process is employed. 
The nitro-glycerine is poured into a jacketed copper pan, and while 
there a certain amount of collodion cotton is added and well mixed 
in by hand. Collodion cotton has a peculiar property, that of 
dissolving in nitro-glycerine, and at the same time transforming it 
into a kind of jelly or dough, which gets stiffer the more it is 
kneaded. The final kneading is done. ill' a power machine very 
similar to that used by bakers for making their dough. The 
material emerging from this machine is a rubbery, gelatinou~ 
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mass which can be easily moulded or pressed into any desired 

shape. ' 
9. Cartridging of the Explosives and subsequent Wrapping of same.-

This is done in a glorified sausage machine usually, which can be 
.actuated either by hand or mechanical power. It is not difficult to 
conceive how, if dough is fed into the hopper end of the machine 
and the handle turned, the material comes out of the nozzle very 
much like a sausage. This really does take place, the nozzles being 
of different sizes, according to the diameter of the cartridges 
required. The long pieces are cut into. the necessary length and 
simply wrapped in a paraffined paper wrapper, and in this state is 
called a cartridge. The packing is much the same as the packing 
()f any other article for sale. 

The above is a very brief outline of the processes involved in the 
manufacture of nitro-glycerine explosives, but a great many more 
not directly involved are carried out in such a factory as 
Modderfontein. There is, for instance, the manufacture of packing 
boxes-quite a large department by itself. Then, again, there is the 
dope mixing department, where the different ingredients going to 
form the lower grade explosives are carefully ground, sifted, and 
finally mixed, ready to be sent to the explosives departments. 
Then, as water must be conserved, a refrigerating or cooling plant' 
is absolutely necessary in order that it may be used over again. 
At Modderfontein there are several of these on the Gradirwerk 
principle. 

There are many other side industries of lesser importance, but 
those just outlined are the principal ones. 

If South Africa were able to provide the different raw materials 
necessary many more processes would be involved, but so far they 
have not been found. 

Mr E. Weiskopf-My object to-night is really to show those 
gentlemen who visited the Dynamite Factory recently some views 
which will help to impress on their memories the processes they 
saw on that occasion. Another object will be attained, viz. those 
who were unfortunate enough not to be able to visit the factory 
will be able to gather some idea of the different processes from the 
views which will be thrown on the screen. 

The speaker here directed his audience to the screen, where a 
,series of views of the Modderfontein Dynamite Factory were 
displayed in succession, illustrating the paper. 

The President-I should like to express our pleasure at the way 
an which Mr Weiskopf has described to us the manufacture of 
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nitro-glycerine explosives. The majority of those here to·night 
were, I think, also present on the memorable day on which we paid 
a visit to Modderfontein, but I have no doubt that you have all 
been glad to have details repeated, whilst those of our members 
who were unable to be there will feel exceptionally grateful to Mr. 
Cullen for having taken so much trouble giving us the interesting. 
display we have had. 
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XI 

SOME IMPROVEMENTS IN CYANIDE WORKS 
CLEAN-UP APPLIANCES 

By JAMES E. THOMAS (MEMBER) 

(Read at adobe?' Meeting, 1903) 

A SHORT description of some labour and time-saving appliances 
which have been in use at the Simmer & Jack Proprietary Mines,. 
Ltd., cyanide works for over a year will, I venture to think, be of 
interest to the members of our Society. 

A. TROMMEL ZINC WA!>I1ER 

The" trommel " zinc washer, shown in the accompanying drawing, 
brings the washing of the gold-carrying zinc shavings from the 
precipitation boxes more under the control of the cyanide manager 
than washing through a screen by hand, and also prevents the waste 
of zinc caused by scrubbing in the latter method. As will be seen, 
it consists of two circular pieces of. steel plate mounted on short 
axles and joined by bars of the same material, which also serve to 
hold the surrounding screening in place and to support it. A door 
running the whole length of the trommel between the end plates is 
provided. When in use the trommel is supported by its axles rest· 
ing in wooden bearings, to the under side of which light pieces of 
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-channel iron are screwed. These are made to fit over the sides of the 
precipitation boxes, and keep the bearings from shifting, and allow 
of their being easily moved from one box or compartment to another. 

After the trommel is in position over the compartment in which 
the zinc shavings are to be washed the latter is filled with water or 
solution, so that from one-third to one-quarter the diameter of the 
former is submerged. The door is then opened and enough shav
ings put in to barely half fill the trommel, and the door closed and 
fastened down. The trommel is then rotated on its axis by means 
-of handles till the shavings are sufficiently washed. Three 
revolutions one way and the same number the reverse are usually 
enough. The door is then opened again; the shavings inside are 
taken out and put back into the precipitation boxes. More shavings 
.are put into the trommel, and so on till all the shavings to be washed 
have been done. The turbid liquid in the compartment is then 
pumped through a filter press and the fine zinc remaining taken to 
the acid vat,s or dried for fluxing. 

In connection with the filter press, I might also mention that I 
find the force pump supplied with the press is rather slow when 
there is little or no pressure showing on the gauge, and that the men 
employed in cleaning up are often delayed through having to wait 
till a compartment is pumped out. In order to avoid this delay I 
had a 2-inch centrifugal pump laid down and connected to the 
back end 6f the filling passage of the press. The connection was 
made at ~he back, i.e. the end farthest from the force pump, to 
.allow of a larger pipe being used to take the delivery from the 
centrifugal pump, as in Johnson's presses only ali-inch pipe 
can be screwed into the filling passage so as to give a straight 
lead from the front end. I find that the centrifugal will pump a 
full bore stream through the press until the pressure reaches 25 Ibs. 
per square inch, and that the press can be filled in about half the 
time required when using the force pump only. Of course, the use 
.of a monteju and compressed air would be still better, but the 
latter is not always available. 

When pumping acid-treated gold slimes into the press it is 
advisable to use filter papers over the cloths of the press. They 
not only make the discharging of the press an easier and cleaner 
job, but also save the cloths, as the latter are kept clean and do not 
require scrubbing after clean-up is over. 

In concluding these notes, I beg to than'k Mr Joseph P. Gazzam, 
·General Manager of the Simmer & Jack Proprietary Mines, Ltd., for 
.allowing me to make use of the drawing illustrating the trommel. 
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The President-I should like to congratulate Mr Thomas on his 
short paper, and only wish there was a little more of it. I think it 
would be a very good thing for the progress of this industry if more 
of the cyanide managers or millmen would give the little experi
ments they have thought out for themselves for the benefit of the 
whole Society. I think we should then move on a little quicker 
than we are doing at present. 

DISCUSSION AT MARCH MEETING, 1904 

Mr W. A. Caldecott-There is not much to say about this paper; 
it is a short one, and speaks for itself, but I should like to mention 
the fact that since the publication of the paper the devices Mr 
Thomas mentions have been adopted elsewhere, and, like various 
other papers read before this Society, his paper has been copied 
and republished in various parts of the world in technical journals. 
There is another point also. I find there are one or two develop
ments coming out of this paper. A member of this Society has 
developed another form of washer, which I had the pleasure of 
seeing a day or two ago. I met the representative of a well-known 
firm of filter-press makers, and he told me they had been developing 
an improved pump for use with filter presses. I think, probably, 
the reading of this paper has excited others to do a little better than 
their previous best. 

Mr F. F. Alexander-I think that, as Mr Caldecott has pointed 
out, the development of the zinc washer has tended to set other 
men thinking about the same thing, more or less. I have had the 
pleasure of looking over a zinc wa~her designed by Mr Burnett at 
the Crown Deep. Although following somewhat on the lines of 
Mr Thomas' machine, Mr Burnett's zinc washer had a distinct 
advantage of being able to wash his zinc in dilute acid solution, 
which tended very much to cleanse the zinc. Our thanks are due 
to nir Thomas for bringing the matter up, and I think we shall go 
on improving in that direction. 

The President-Before the subject is dropped, I should like to 
repeat what I said at the time Mr Thomas read his paper, and 
hope the commendatory remarks made on the paper will be an 
inducement to all members to contribute to the Society similarly 
short papers on improvements in details which any member may 
be able to introduce in order to save labour and carry out their 
work more effectively. I am sure that all of you in the course of 
your work have many opportunities to work out small improve-

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



.3 I 8 Thomas: Improved Clean-up Appliances [MAR. 1904 

ments, and my only regret is that we have not yet started a 
,similar sort of proceeding adopted by other societies, in making 
visits to various mines. I think if the matter were -taken up, 
.especially in regard to cyanide and mill managers, such visits would 
prove of great benefit to all members who took part in them. I 
myself am constantly running about the mines, and am able to 
transfer many ideas from one to another, with benefit to them all; 

.and it seems to me that, with a group of mines who behave so 
.liberally to their employes, they need not be at all chary in showing 
their ideas to other people. I can, therefore, repeat that if 
,members of the Society have effected improvements in their plant 
'which results in labour-saving, or a more efficient carrying out of 
·their work, I hope they will not hesitate in bringing them before 
this Society, as I may claim that all those who have introduced 
ideas of this sort have had no reason to feel sorry for having done 
.so, either in pocket or in credit. 
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XII 

UNDERGROUND HANDLING AND TRANSPORT OF ORE 

(CHIEFLY IN REFERENC:E TO THE RAND) 

By CHAS. B. SANER AND GEORGE CARTER (MElIfBERS) 

(Read at November Meeting, 1903) 

THE conveyance of the broken ore from the working face in a 
mine to the shaft is one of the most important questions of mining, 
and demands careful consideration and attention, whether done by 
manual, animal, or mechanical power, and we believe there is still 
further scope for improvement in the systems at present in use, 
both for more expeditious as well as cheaper methods of handling. 
and transporting ore underground. 

In dealing with this subject it is desirable to first mention the 
various methods which have been, and are still being, used to effect 
the object denoted by the title of this paper, by means of such 
appliances as baskets, leather bags, hand barrows, sleighs, etc., 
which, although not applicable to mining practice on the Rand, are 
mentioned to illustrate the methods of handling ore in use at the 
present day, up to the gradual evolution of the efficient mechanical 
appliances on a well-equipped mine. 

Mr H. H. Webb, in his valedictory address to the South African 
Assoclation of Engineers in June 1903, stated: "That the com
parison of working expenses for the year 1902 shows that from 55 
to 60 per cent. of these costs were in actual mining itself under
ground, and it is here that the chief economies are to be looked for 
in the future. At the present cost of milling and cyaniding there 
is little margin for. reduction." And out of this 55 to 60 per cent., 
quoted above, about 15 per cent. before the war and 20 per cent. 
since the war is expended on underground shovelling and tramming. 

A good deal can be learnt from coal mining practice of recent 
years, where the use of mechanical appliances for mineral transport 
has made great progress and materially lessened the cost of pro
duction; and the application of some of these principles to the 
varying conditions which exist in metalliferous mining might be 
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320 Saner and Carter: Handling of Ore [NOV. 1903 

attended with economy, especially in the saving of time, as the 
time factor is one which enters so largely into all the operations 
conducted on these fields. 

We propose to deal with this subject under the following head
ings: (1) Conveying of the broken ore to levels; (2) Transport of 
ore to shaft loading stations. 

(1) C(Jnveying of the Broken Ore to the Levels.-In many of the outcrop 
mines, especially in the upper levels, the reef dips at such a steep 
angle that the ore, when broken, easily finds its way to the boxes 
and ore chutes by gravity with little or no assistance, hence it is 
only comparatively recently that, with the general flattening of the 
reefs in the deep levels and consequent increased" backs," owing 
to the level being set off at approximately the same vertical height, 
this subject has assumed greater importance. 

In the first place, a great deal depends on the condition of the 
footwall of the stope and the amount of moisture in the broken 
rock. 

The broken ore from the stope faces has first to be handled by 
shovelling, the poorest and least capable" boys" being utilised. 

They laboriously scrape, shove, or throw the rock slowly down 
the stope, and one often finds them huddled together, moving the 
ore only a few feet at a time, and as often as not by a circuitous 
route. An improvement is sometimes effected on this crude means 
of handling the ore by the employment of sheet iron or other 
suitable material as a temporary floor to the stope. 

In place of conveying the ore entirely by this unsatisfactory 
means to the level below, the force of gravity possesses a special 
claim to attention, as it is the cheapest and most generally 
applicable, and is usually utilised in the form of a self-acting incline 
plane, which, to work satisfactorily in all respects, must be laid 
out with a varied inclination, the least being about 3 per cent., 
the length of the incline being taken into account. In some cases 
this is not possible, but where circumstances admit of its adoption, 
the upper portion of the plane from which the full trucks are 
started should be laid out with a sharper inclination than the main 
portion, and the lower portion should be flatter; this only applies 
to very flat planes. Where the planes are steep, flattening at the 
bottom end only is need~d to reduce the velocity of the full truck 
on its arrival there. In such cases the flattening of the track at 
the bottom of the incline is obtained by/blasting up the footwall of 
the stope for a sufficient length. ' 

These planes are usually equipped with a double line of rails :of 
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NOV. 1903] Transport of Ore to the Levels 3'21 

the usual gauge of the mine for their whole length, and are strongly 
laid, and each in turn receives the loaded truck. 

This main incline is tapped at various points by side lines from 
the stope faces. This becomes especially necessary where the 
" backs" are long. These intermediate tracks lead on to a 
landing plate placed under the rails of the main incline 
plane and necessitates a break in the track, which is bridged 
over by movable rails when it is desired to work from a point 

above. 
The only mechanism required to work this device consists of a 

reel, ~sheave or drum, around which a rope is passed one or more 
turns, each end of which is connected respectively with a loaded 
and empty truck, or, when drums are used, two ropes coiling in 
opposite directions. 

The necessary control is obtained by a brake, which is either a 
segment of wood or a steel band arranged to bear on the periphery 
of the sheave or drum, or by rubbing discs acting on the boss of the 
pulley controlled by a tightening bolt. 

The rapidity with which the descent can be made largely com
pensates for any delays that may occur at the top or bottom of the 
incline, and, owing to the small amount of labour required, that is, 
one man or "boy" at the brake, the economy over shovelling by 
hand over long distances is obvious. 

At the bottom of the incline further handling is carried out either 
by allowing the contents of the trucks, especially adapted for narrow 
stopes, to ~e dumped into an ore chute or box, or, if the stopes are 
of sufficient width, to allow of the main drive trucks being used; 
they may be run direct on to a flat sheet, turn table, or curve, as 
may be found most expedient. 

In the first case the incline can be kept continuously running 
with intermittent tramming from the box, but the second 
necessitates a continuous supply of empty trucks. 

In the case of the latter method, in use on the Nourse Deep, 
Ltd., see Photos 1 and 2, using 16 cubic ft. trucks,·the wire used is 
! in. diameter, the length of the incline being 250 ft., average dip 
30°, weight of rails used 16 lbs. 

In this case the jig wheel or sheave is composed of two ~ in. 
circular discs of steel plate 2 ft. 6 in. in diameter, bolted together 
and flanged round the periphery to a depth of 2~ ins. tapering 
from 0 to I! ins. with rubbing discs placed 'on either side, the 
braking being effected by a tightening lever, acting by means of 
a nut on a square-threaded bolt passed through the centre of the 
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322 Saner and Carter: Handling of Ore [NOV. 1903 

discs, the rope being only passed round this sheave once, its life is 
thereby considerably increased. 

_ There is another useful appliance recently introduced, known as 
a shaking chute, see Photo No 5, which is most useful in flat stopes, 
and is being used so far in a continuous length up to 90 ft., and 
even a 300-ft. length is in contemplation. The shaking in this 
latter case will probably be done by mechanical means. 

It consists of about i in. steel or iron plates, which are cut, bent, 
punched and riveted into lengths of 16 ft. having a width of 24 
ins. andcbent to form a trough some 6 ins. decp. 

These lengths are easily handled and are bolted together to make 
up any desired length. It is hung by chains at intervals of about 
16 ft. to eyebolts fixed into drill holes in the hanging wall of the 
stope. 

The shanks of these eyebolts are tapered from 1 in. to * in., and 
have been found to have a sufficient hold by being driven well 
home without the use of wooden plugs; thus their suhsequent 
removal can be easily effected. 

" Boys" raise the ore by means of shovels into this trough, and 
one" boy" at the top end moves it backwards and forwards, and so 
shakes the ore downwards, the ore at its bottom end falling in a 
nearly continuous stream into a truck, box or platform, as may be 
most convenient. This main shaker can be fed by subsidiary 
shakers, conveying the ore from various points in the stope face. 

Some of the great advantages of these shaking chutes are their 
low initial cost, viz., about £14 per 100 ft., inclusive of·labour and 
material j simplicity and portability, a 90-ft. length taking 40 
minutes to take to, and hang in position frolll the level, and 15 
minutes to dismantle and stowaway again in the level. Thus they 
can be fixed into position very quickly and can easily be dismantled 
when blasting operations are about to be carried out. 

There seems every possibility of this appliance being utilised to 
a much greater extent in the near future than the majority of other 
appliances at. present in vogue. 

The following comparative test was made at the N OUl'se Deep, 
Ltd., to demonstrate the efficiency between "boys" filling trucks 
from the floor of the level as against filling by shaking chute direct 
into a truck. 

The chute was 90 ft. long, five" boys I, being employed sho~ell
ing into the top length. The rate oLtime filling. a truck was two 
minutes conveying the ore over this' distance of 90 ft. Two good 
Cape" boys" were pitted against this mode of filling, by shoveVing 
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JS"o. 2.-INCLINE fr.ANE, BOTTOM (NOURSE DEEP, LTD.). 

No. 3.-AERlAL GEAH, 'l'OP (NOUHSE DEEP, LTD.). 
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NOV. 1903] Mechanical Haulage 32 3 

broken ore from the floor of the level into a similar truck, which 
they filled in four minutes, in this case only having to lift the ore 
into the truck. After the introduction of such a chute in one of 
the stopes of the Nourse Deep, Ltd., the efficiency of the natives' 
shovelling was increased hy 30 per cent. 

A somewhat similar contrivance is met with in belt conveyers 
of various designs. These generally consist of an endless rubber 
belt working round a drum at either end, supported under one 
side by a series of pairs of "V" shaped rollers, the motive 
power being usually obtained by natives turning either one' or 
both drums by a handle attached thereto. 

In a case seen by the authors where such a belt was working in 
a very flat stope and under the best conditions this contrivance 
did not seem suitable for the conveyance of large rock, as this 
easily fell off j and it lacked portahility, which is an essential 

feature. 
A modification of the wire rope tramway, generally known as an 

aerial gear, is likewise being used, and, under certain conditions, 
has proved very effective. It consists of two standing wire 
ropes forming the tracK; these are firmly fixed at one end and 
attached to tightening rigging screws at the other, the wire ropes 
being passed through the eyebolts and securely held by clamps; 
these standing ropes throughout their length being supported at 
intervals on brackets fixed on light rock drill bars or hangers from 
the roof of the stope. The buckets holding from 3 to 5 cwts. are 
fixed to bridles attached to a frame running on wheels on the 
carrying rope tracle 

These are worked by a i or i in. traction rope attached to the 
top end of each bucket, and in order to adjust for the varying posi
tions of the accumulated broken ground in the stope are wound 
round two separate drums 6 to 12 ins_ in diameter and about 12 
ins. wide, fitted with band brakes. These drums keyed to a 
common axle are fixed on an ordinary rock drill bar, the weight of 
the full bucket descending, raising the empty automatically, but 
in cases where the inclination will not allow of this, a handle may 
be fixed to the drums and manual labour used. 

In the case, shown in the Photos 3 and 4, which is working al· 
the Nourse Deep, Ltd., 25 3-cwt. cars were run down a length of 
150 ft. in half an hour. Four" boys" are employed shovelling 
into and running the gear per shift, whereas previously nine" boys" 
shovelled the same quantity of rock over half the distance. 

From these various contrivances the broken ore is deposited into 
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324 Saner and Carter: Handlz'ng 0.1 Ore [NOV. 1903: 

boxes, platforms, trucks, etc., or into ore passes, as may be most 
suitable for trucking in the levels. 

Broken rock from development faces has to be cleared as soon as 
possible after blasting, if rapid head way is to be expected; ground 
from drives being shovelled into trucks; that from winzes, where 
vertical, an ordinary hand windlass and kibble balanced or other
wise is used. In steeply inclined winzes the kibble slides on rail 
guides. Where the inclination is not great, see Photo 6, a track 
is laid of light rails and a small, self-dumping skip is used, usually 
worked by an air winch or hand windlass, provision being made at 
the mouth of the winze for tipping into a truck. 

In raises where not sufficiently steep for the broken ground to 
gravitate to the -level below, shovelling by "boys" is usually done; 
in such cases a shaking chute, as previously mentioned, might be 
used with considerable advantage. Another method, although it has 
not yet been sufficiently tested to have been proved economically 
successful, is worthy of consideration and is being experimented 
with on the Nourse Deep, Ltd. In this a jet of water under 
pressure is utilised for washing the broken ground down a stope; 
this is· especially applicable to the final cleaning down of the rich 
" fines" before abandoning the worked out stope, in place of the 
laborious method of sweeping down with brooms at present in use. 
Furthermore, this method may well serve its purpose in bringing 
to light the rich" footwall leader" often left in South Reef stopes, 
as well as allaying the dust, in which it would be of especial 
advantage in washing down, in flat" raises," the broken ore to the 
level below after blasting. 

(2) Transport of Ore to Shaft Loading Stations.-In extensively 
worked mines it is also necessary that labour-saving appliances be 
adopted in this connection, if large outputs at a minimum cost are 
to be maintained. Conditions vary so much in each mine that no 
hard and fast rule can be laid down as regards the methods to be 
adopted. 

Where mechanical appliances are to be used it is advisable that 
main drives should be driven as straight as possible, of large section, 
suitable for not less than two tracks, and generally in the footwall 
side, keeping the reef just in the" hanging" on that side, so that 
boxes can be set at a sufficiently steep inclination for the rapid 
filling of trucks. On the floor of the )evel rail tracks are laid 
weighing from 12 to 24 Ibs. These are laid on iron sleepers and 
stayed at intervals with wooden binding sleepers cut the width of 
the drive and hitched into the sides. 
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The usual type of trucks used are" U" shaped steel side tipping, 
and fiat bottom end tipping, having a capacity of from 10 to 16 
cwts., these having been found the most suitable for handling. 
The wheels are generally fast, revolving with the axles, but in cases 
where there are sharp curves, especially at shaft stations, fast and 
loose wheels on opposite sides are advantageous. The bearings are 
generally lubricated with grease by hand, and there is room here 
for the adoption of a good form of automatic or continuous 
Inbricator. 

For the transportation of the trucks to and from the loading 
stations at the shaft, various systems are in use, hand labour being 
almost exclusively used in the mines here at the present day and is 
carried out by white men, Cape "boys" and natives. Animal 
haulage is being used only to a very small extent., and likewise 
mechanical, but with this latter method there is room for consider
able extension of its applications, and especially if a large number 
of rock drills are concentrated in the stopes.oll one level, thus in
suring a large quantity of broken ore being handled continuously. 

In this connection we believe that one of the first adaptations of a 
main and tail haulage system on the Hand in metalliferous mines 
was installed in the Nourse Deep, Ltd., and this arose from the 
fact that the shaft in the western section of this mine was not 
equipped for handling large quantities of ore, thus necessitating its 
transport to the central shaft .. 

This haulage first consisted of one air winch having two drums, 
one loose on the shaft, and each equipped with clutch and brake, the 
tail rope being carried overhead and guided around pulleys. To 
ohviate the excessive wear and tear this method has since been 
improved on by using two air winches, one at either end of the 
haulage, the larger one, of 7 ins. diameter and 12-in. stroke single 
cylinder, hauling the full trucks with a main rope of i in. 
diameter, whilst from the opposite end the smaller winch of 5 ins. 
diameter and 8-in. str.oke double cylinder hauls back the empties 
with a rope of t in. diameter. 

The trains consist generally of eight 16 cubic ft. trucks. The 
level through which this haulage has to work is most unfavourable, 
having a Humber of sharp curves, as will be seen from the diagram, 
Fig. 1, it is 1300 ft. in length, and has only sufficient room for a 
single track for the greater part of this distance, and under the 
conditions which exist its efficiency over hand tramming has been 
proved, as the cost over this length works out at an average of 8d. 
per ton, inclusi ve of maintenance. 
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326 Saner and Carter: Handling of Ore [NOV. 1903 

One" boy" drives the winches at either end and a white man 
travels with the trains and has complete control by means of electric 
bell signals anywhere along its length. This practically means that, 
as far as labour is concerned, it requires only one man and two 
"boys" to carry out this tramming. 

On reaching the hooking-off point the trucks are detached singly 
and run by means of a sharp down grade to a set of points, from 
which they continue on a short up grade, sufficient to 9toP them 
automatically opposite the bin. 

When the ore is dumped (which may be done by a tipler, see 
Photo 6) and the truck righted it is allowed to run back across the 
points to the hooking-on point on the return empty track. 

At either end the drive is widened to allow of this double track 
being laid for a sufficient distance. Owing to the sharp curves the 
rope has to cross the track at various points, and at these points 
hard wood rubbing blocks or rollers are suitably placed to prevent 

""<i.I.. 
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contact with rails. The rope is also guided around the curves by 
rollers set vertically. These are about 12 ins. long and 9 ins. in 
diameter, being made of circular wood blocks incased in a steel 
pipe, having bearing pins on either end working, preferably in hard 
wood journals kept well greased. 

The life of the rope is a comparatively short one, being largely 
influenced by the acidity of the mine water and the bending strains 
to which it is subjected in this particular case. 

A similar haulage is being installed in one of the lower levels of 
this mine, and, as will be seen from the diagram, Fig. 2, the 
working conditions will be much more favourable. 

This drive, as originally dri ven, was comparatively straight, and 
has been further straightened by stripping the sides to a sufficient 
width to allow of two tracks being laid where necessary. 

The length of this haulage will be 1160 ft., and power will be 
supplied in a similar manner to that previously described. 

This system up to the present seems to be the most suitable for 
local conditions, and can be utilised either where a level has been 
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~OV. 1903] Laying Out of Main Levels 32 7 

driven its entire length, when stationary air winches can be fixed at 
shafts and extreme points east and west, or where the level is still 
being driven aud tramming from .stop~s at yariou~ points ha~ to be 
carried on simultaneously, the aIr wmch, operatmg the tall rope, 
call be mounted on a travelling bogie, which can be moved to and 
temporarily anchored at any desired point. 

}\fain lel'els, where possible, should be laid out with a suitable 
grade in favour of the full trucks. 

Other devices, although not at present in use, might De proved 
to be suitable, such as self-acting incline planes, endless rope 
haulages, electric motors, compressed air motors, etc., or even a 
belt conveyer. . 

Some of these, although often utilised in colliery practice, have, 
as far as we know, up to the present not been used extensively in 
metalliferous mining, but might receive greater attent,ion in the 
near future than they have done hitherto. 

In concluding this paper, which we hope will be of some interest 
to the members of this Society, we should like to remark that it 
was our original intention to have had lantel'll slides made of the 
excellent photographs taken by Mr Landmark especially for this 
paper, a few of which we have shown, which would have illustrated 
in a more lucid manner than described the actual use of snch labour 
saving mechanical appliances undergruund, and regret that this 
could not be carried out. 

We desire to express our thanks to Mr Cazalet, Manager of the 
Nourse Deep, Ltd" for allowing us to bring to the notice of this 
Society some of the various mechanical appliances which are in use 
on the mine, as well as to express our indebtedness to Mr George 
Davis, the mine foreman, for giving us valuable information. 

The President-I should like to move a vote of thanks to Messrs 
Saner and Carter for the extremely interesting paper which they 
have bronght before us, and which deals with a subject which is 
new to this Society and constitutes the second mining paper we 
have had read before us. It is of considerable importance, 
inasmuch as it deals with a matter that is occupying general 
interest in view of the present scarcity of native labour, and, 
irrespective of the question of lowering costs, each native that 
can be replaced by mechanical appliances is freed for other work, 
and this means getting nearer to where we left off before the war. 
I do not suppose we shall ever have a surplus of labour, and it 
therefore behoves us to welcome such subjects as this when they 
are brought before us. I should also like to lay special stress 
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upon the amount of zeal they have displayed in giving us these 
very interesting photographs. 

DISCUSSION AT FEBRUARY lIlEETING, 1904 

Mr A. R. Sawyer-I have read Messrs C. B. Saner' and George 
Carter's paper on "Underground Handling and Transport of Ore" 
with great interest. I quite agree with them that something can 
still be done to reduce the cost of mining underground on the 
Rand, especially under the heading of transport. As they say, a 
good deal can be learnt from coal mining. Especially is this the 
case, as I pointed out in my paper on the 'Vitwntersraud Goldfield, 
read in England in 1889, from sllch coalfields like the North 
Staffordshire one, in which the seams are inclined. 

I then stated that "this formation (Witwatersrand) has the 
greatest similarity in variety of dip and number of workable seams 
to the North Staffordshire Coalfield." 

A book which I wrote in 1889, entitled" Miscellaneous Accidents 
in Mines," deals with m08t of the methods of transport in that coal 
field, and especially with self-acting inclines in variously inclined 
seams. It would be unnecessary to repeat here a description of 
the various systems which I then gave in a detailed manner. Messrs 
Saner and Carter have moreover done this very effectively. The 
illustrations are particularly interesting, the aerial gear under
ground is new, otherwise the other systems are given in my book. 

As regards the various rope and chain systems on level and 
inclined roads, worked by motive power, they are as old as the 
hills and have been used in English collieries ever since I can 
remember. 

Mr c. E. Hutton--The paper of Messrs Saner and Carter on the 
underground handling and transport of ore is of vast importance 
for the reason that it affects the labour question, which, at the 
moment, is the crucial question of South Africa. 

I take it that the days of drifting one's levels so as to give backs 
of 130 to 140 feet are past, therefore the question of handling ore 
and its underground transport not only affects the cost per ton 
of milling propositions, for if we can be assured that backs of 300 
to 500 ft. can be handled by mechanical devices the capital ex
penditure on development will be considerably lessened. 

I might mention on the Treasury Gold Mines we have cross-cutted 
from the shaft at such a point as to give backs of 260 ft. on the 
South Reef, 270 ft. on the South Reef leader and 330 ft. on the 
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North Reef, aud have every confidence of being able to mine" 
cheaper by employing mechanical appliances than was possible in 
the per-war days with backs of 130 ft. and native shovellers. 

At -the present time we have five aerial gears at work running from 
150 to 200 ft. in length, and require 40 natives less per 24 hours 
to mine and tram to the shaft the same tonnage as was mined and 
trammed previous to these gears being erected. 

This appears to me to be conclusive proof of the saving that can be 
effected by the introduction of mechanical appliances; the mainte
nance and first cost of these aerial flights is low, as 011 most mines 
there will be found sufficient old wire rope on the scrap heap to 
serve for the standing wires. 

I agree with Messrs Saner and Carter in their remarks with refer
ence to the importance of thoroughly cleaning the footwalls of 
stopes before the stopes are abandoned and the small picks and 
wire broom do not do this completely. 

Some months back I tried to overcome this difficulty by tapping 
the raising mains and sluicing the' floors ; the fines collected by this 
method assayed considerably higher than the stope face which had 
been mined, but the water draining back gathered up so much filth 
and slimes "which it carried to the sump with a consequence that we 
experienced considerable trouble with the pumps, this scheme was 
therefore abandoned for the time. 

In connection with the above it may be well to note that the 
stopes washed were not more than 150 to 200 ft. from the shaft in 
which the main pumps lodge. 

DISCUSSION AT lI1AHCH :lIIEETING, 1904 

Mr T. L. Carter-The criticism has been made that in the 
mechanical handling of ore on the Rand we are behind the best 
practice of other great mining fields of the wOJ:.:Id. Our apparent 
shortcomings is due to two causes, one of which is beyond our 
control and cannot be remedied and the other of which is open to 
improvement. Had we designed a reef to be worked to advantage 
by mechanical means, we would not have made it a few inches 
thick as some of our reefs are. Adverse critics should remember 
that in many mines of the Rand the possibilities to apply mechanical 
methods are distinctly limited. Take for instance a stope of 20 ins. 
or so in thickness, with a great number of props to keep the hang
ing from coming down. N one of the methods of handling ore 
which Messrs Saner and Carter described so well in their paper, 
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could be used to advantage in such' stopes, and the only way of 
getting the ore out is the prehistoric method of shovelling it down 
by hand. 

In the use of black labour in handling the ore underground there 
is little to be proud of. Messrs Saner and Carter speak of the boys 
scraping, shaving and throwing the rock down the stope, huddled 
together, moving the ore only a few feet at a time, and I can fully 
bear them out in their assertion. The raw kaffirs we get are 
frequently so ignorant that they do not know one end of the shovel 
from the other, and do not seem to know whether their object 
underground is to wear down the shovel by a continuous scraping 
of the footwall, or to throw the stuff. There is a right way and a 
wrong way to do even such a comparatively simple thing as shovel 
ore down a stope. The kaffirs are seldom shown the proper way 
to use a shovel. Their efficiency could be considerably improved 
if every ganger would insist on them throwing a shovel full of ore 
well away from them and not simply turn it gently over, as most 
of them do at present. 

The long scarcity of labour has made for efficiency, so that kaffirs 
are used to much better advantage now than they were' in ante 
bellum days. Messrs Saner and Carter have given us quite a lucid 
account of the improvements that have been made in handling ore 
underground. Of the methods they describe I believe the shaking 
shoot to be the most important. Under certain conditions, such as 
lowering ore from one comparatively fixed point to a lower level, or 
in stopes which are rather narrow and undulating, the aerial gear 
does good work, but I do not believe it is as generally applicable as 
the shaking shoot. 

In erecting a shaking shoot in a stope one must be sure there is 
something to shake, or in other words it is a good policy to allow 
the broken ore to accumulate for a week or so and then put up a 
shaking shoot to get it out. Where possible, a good method to. 
pursue, it seems to me, is to work contractors alternatively on the 
two sides of a stope for a fortnight at a time, for in this way the 
rock accumulates and can be expeditiously handled by the shaking 
shoot. 

The authors also mention incline planes and belt conveyers for 
handling ore, but I believe the shaking shoot will prove more 
popular than these, that is if the backs a,re not made too great. 

One result their mechanical contrivances will have upon our 
mining practice will be to double the lengths of backs. In the 
deep levels of the future the average backs will no doubt be at 
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least 300 ft. instead of 150 ft. as at present. This will mean a 
considerable saving in the life of a mine, for it means a great saving 
in development work, which is expensive. 

The handling of ore from development faces is an important 
point mentioned by the authors. In some places boards or sheet 
iron is spread on the floor of a drive before blasting, so that the 
stuff can be shovelled up all the quicker after the blast. It seems 
to me this is a good scheme, espet.:ially when the development face 
has to be rushed. 

On account of the scarcity of native labour, machines are some
times used at prasent to sink winzes. It is troublesome to handle 
the stuff by hand after the winze has been sunk 30 or 40 ft. For 
this reason small air hoists are very convenient. A recess is cut 
for them in the footwall side of the drive so as not to be in the way 
of the tramming. 

The adaptability of the method of washing down the broken 
ground by a jet of water which the authors mention, is rather 
limited, I fear. In the comparatively dry mines it could not be 
used, and even where water is plentiful there are serious objections 
to it. 

An important point in the underground handling of ore is the 
condition of the trucks. This is a point deserving more attention 
than we generally give. It pays to take trouble with the trucks, 
so as to reduce the derailing of trucks to a minimum. Will the 
authors of the paper under discussion give us their experience of 
the best grade to nse for the trucks in the gold mines of the Rand 7 
The general law is to arrange matters so that it requires the same 
amount of work to push the full car of rock down grade as to push 
the empty car up grade. Generally a grade of six inches on a 
hundred feet is supposed to meet this requirement. This answers 
well where the rails are dry and the number of curves small, but 
where our drives are very crooked I find a preferable grade to be 
from 9 ins. to 12 ins. in a hundred feet. On such a grade, and if 
the track is kept in good order, a kaffir can manage a 16 cub. ft. 
car. 

We sometimes make the curves in the tracks, in going from a 
drive to a cross-cut, too sharp, so that the cars are derailed, and 
much time is lost in putting them back. 

Messrs Saner and Carter's remarks re transport of ore to shaft 
loading stations become very important when the distance of a 
stope from the station is great. Mr Saner was good enough to show 
me the main and tail haulage system of the Nourse Deep, Ltd., and 
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it is certainly an improvement on handling the trucks with men. 
In this connection it may be of interest to note that at Kimberley, 
where they are experts at handling ore both underground and on 
the surface, they are going in very extensively for electric haulage 
underground. Probably electric haulage will have a big future on 
the Rand in dealing with the ore underground. 

I think Messrs Saner and Carter deserve our thanks for bringing 
up this question of handling ore. It is a branch of the industry in 
which we have been least efficient in the past, but the indications 
are that the future will see this part of the gold mining industry 
on the Rand carried on as creditably as in other mining camps of 
the world. 

Mr J. L. Hamilton-I should like to make a few remarks 
relating more particularly to some of the figures given by Messrs 
Saner and Carter in their most interesting paper. 

I will pass over the self-acting inclines or gravity planes, as 
being a very old and well-known device, and will confine myself 
principally to the shaking shoot or "shaker." 

Messrs Saner and Carter's description of the N Ollrse Deep 
"shaker" is in every particular applicable to a "shaker" which I 
designed and installed in the Rose Deep Mine in May, 1902, and 
which was, as I believe, the first device of this nature ever used, at 
least, on these fields. Messrs Saner and Carter's illustration, by 
the way, is a reproduction of a photograph of a " shaker" at work 
in the Hose Deep Mine. 

1. With regard to portability, in November last I tested a 48 fto 
"shaker" for the information of a visitor, the figures I obtained 
being as follows: Five natives (ordinary green shovel boys) dis
mantled and removed the" shaker" to a place of safety in three 
minutes, and then re-erected and started feeding it in five minutes
a performance, by the way, with which the stope ganger was very 
dissatisfied, pleading the greenness of his boys. 

2. With regard to the comparative test at the Nourse Deep, the 
object of this test is not very clearly stated, and the result as 
reported merely proves that Cape boys are better workers than 
ordinary shovel boys. Using Messrs Saner and Carter's figures, I 
would suggest the following as being the clearest way of showing 
the efficiency of the "shaker." But before proceeding I must 
supply a necessary figure, obtained as the, result of numerous ex
periments at the Rose Deep Mine, which have shown that a boy is 
capable of shovelling a ton of ore over a distance of 10 ft. down a 
fiat stope in the same time that he requires to lift a ton of ore into 
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a truck or other receptacle. This figure increases slightly as the 
dip rises from 25° to 30°, and much more rapidly from 30° up
wards. My suggested method is then as follows :-

The five boys shovelling would, in the absence of the "shaker," 
advance one truckful of ore in two minutes a distance of 10 ft. down 
the stope in the direction of the truck to be filled, and to deal with 
this ore, so as to deliver it into the truck at the rate of one truckful 
in two minutes, would require a re-Iay of five boys for every 10 ft., 
i.e., 5 x 8 = 40 boys, plus a re-Iay of five boys to lift it into truck, so 
that a gang of 45 boys is required to deal with the amount of ore 
originally started down the stope by five boys, and this is the work 
done by the two or three boys operating the" shaker," so that the 
use of a 90-ft. "shaker" in the manner described with five boys 
feeding it, results in a saving of 45 less 3 = 42 boys. And, 
obviously, when used at its full capacity (viz., with 12 to 15 boys 
feeding it), the saving would be (using the lower figure) 12 x 8 + 12 
- 3 = 105 boys. 
It will be noticed that the method by which these results are 

obtained does not depend on the actual amount of ore transported 
in a given time, but on the equivalent figure given above, and this 
being obtained by comparison under similar conditions, all error 
due to the fact that boys invariably work much harder when 
specially watched (as they would be in a short test) are eliminated. 

In any case, as Messrs Saner and Carter do not state any absolute 
measure of quantity. (the capacity of a truck may be any quantity 
between 10 and 20 c. ft.), it is impossible to state the result oftheir 
test in ft. tons per hour, the usual measure of rate of work. But 
assuming an ordinary truck capacity, viz., 16 c. ft., and taking 20 
c. ft. to the ton, the efficiency of this" shaker" when fed by five 

16 c. ft. x 90 ft. x 60 
boys works out at 8 b 2' ')0 = 270 ft. tons per boy per oys x mm. x ~ • 

hour, and when fed by 12 boys at 16 x 90 x 60 x 12 = 345 ft. tons 
15 x 2 x 20 x 5 

per boy per hour. 

I have here a copy of a statement compiled in October last, 
showing the results of a couple of tests carried out at the Rose 
Deep Mine. As it consists largely of figures, it does not admit of 
lucid reading, but the results obtained were :-

84'5 ft. tons per boy per hour for a 78 ft. "shaker. " 
97'25 ft. tons per boy per hour for an 80 ft. "shaker." 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



334 Saner and Carter: Handlt'ng 0./ Ore .[~IARCH 1904 

The marked discrepancy between these results and the result 
obtained above from Messrs Saner and Carter's figures I attribute 
partly to the longer duration of test and partly to the fact that the 
boys were not all feeding at the extreme end of the" shaker," but 
principally to the fact that we were very careful not to let the boys 
know that they were being specially watched and timed. The 
angle of dip, which, by the way, Messrs Saner and Carter d,o not 
give, may also have something to do with it. 

3. With regard to life, my experience on the Rose Deep Mine has 
been that, when constantly working, a "shaker" lasts nine months 
without repairs, and is then worn out all round, like the" wonder
ful one-hoss shay." 

4. Aerial gear: MesRrs Saner and Carter's figures for this 
appliance work out as follows :-

25 x 3 x 2 x 150 
20 x 4 = 2S1 ft. tons per boy per hour . 

. In this test Messrs Saner and Carter appear to give a comparison 
with boys shovelling but it is possible that, in the paragraph from 
which these figures are taken, the first half, giving the quantity of 
ore handled and the time occupied, may have no connection with 
the second half, which gives the number of boys normally employed, 
but if the two halves are to be read together, it appears that nine 
boys shovelled 25 x 3 = 75 cwt. of ore a distance of 75 ft. in half an 

75 x 75 x 2 
hour, which works out at 20 x 9 62'5 ft. tons per boy per 

hour. 

I should like to ask Messrs Saner and Carter what was the angle 
of dip of the stope in which this test was made. If it was less 
than 30", the above is a most astonishing result, and I most heartily 
congratulate the Nourse Deep, Ltd., on the truly wonderful state of 
efficiency attained by their native labour. 

The statement I referred to above gives some figures for two 
aerial gears of a much more primitive design, which.were installed 
at the Rose Deep Mine in April 1902 and June 1903 respec
tively, the results obtained being-

No. I.-SO ft. long: 64 ft. tons per boy per !tour. 
No. II.-137 ft. long: 114 ft. tons per boy per hour. 

5. With regard to the cost of oper~ting and maintaining the 
main- and tail rope haulage, I should be glad if Messrs Saner and 
Carter would kindly tell me whether there are any special circum-
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stances (other than the usual high cost of labour and power obtain
·ng in this country) which would account for the cost they mention, 
~iz., 8d. per ton for] 300 ft., which works out at 2s. 8!d. per mile 

ton. 
6. In discussing level transport, Messrs Saner and Carter suggest 

that there is room for the adoption of a good form of automatic 
{)r continuous lubricator for truck bearings. Automatic greasers 
have been in use on the Rose Deep Mine for some months. 

7. If I may be allowed to make a suggestion to future COIl

tributors, I should like to remark that results of experiments in 
transport will be much more useful as records and for purposes 
of comparison if they are stated in terms of some recognised 
units, e.g. :-

Quantity in tons. 
Time in minutes. 
Work in foot tons. 
Rate of work in foot tons per hour. 

HANGING CONVEYER OR "SHAKER," ROSE DEEP, LTD., 7.10.03 

Cost of construction of conveyer, 80 ft. long-
Material used £10 6s. 8d. or 2s. 7d. per ft. 
Labour 5 13s. 4d. or Is. 5d. " 
Total cost 16 Os. Od. or 4s. Od. " 

Cost of fixing-
Marking out and boring roof holes, etc. 3d. per ft. 

EFFICIENCY TEST OF No.4 CONVEYER, 6.10.03. 

Total length of conveyer 72 ft. 
Average length from points of filling to discharge 65 ft. 
Angle of dip . 20° 
Number of boys shovelling into conveyer 8 
Number of boys operating conveyer . 2 
Duration of test 24 mins. 
Number of 16 c. ft. trucks filled at end of conveyer 8 

= 20 trucks per hour = 13 tons per hour, that is, 10 boys trans
ported ore at the rate of 13 tons per hour over a distance of 65 ft. 
= 84'5 ft. tons per boy per hour. 

Numerous experiments. have shown that boys using the shovel 
only transport ore down a 20 stope at the rate of 11 ft. tons per 
boy per hour. 
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ALLOWANCE FOR COLLECTING DISTRIBUTED ORE TO FILLING 
POINTS OF CONVEYER 

The eight boys in above experiment would, in practice, have to 
collect the ore over a radins of, say, 15 ft. to 20 ft. round filling 
points, that is, they would shovel an average distancc of 10 ft. 
before filling into conveyer, and this shovelling, being mostly across 
instead of down the stope, must be allowed for in the effecti ve 
length of conveyer, that is the eight boys, in the same time that 
they require for collecting and filling ore into conveyer, would be 
able to deliver the same amount of ore by the use of the shovel only 
at a point 10 ft. towards the discharge point of conveyer, which 10 
ft. must therefore be deducted from the effective length of conveyer, 
making it 55 ft. instead of 65 ft., so that we have, as a final result, 
eight boys doing their usual amount of work, and two operating 
boys transporting by means of the conveyer 13 tons of are per hour 
a distance of 55 ft., equal to 715 ft. tons per hour, which is equi
valent to the work of 65 shovel boys. 

EFFICIENCY TEST OF No.5 CONVEYER, 6.10.03 

Total length of conveyer 80 ft.. 
Average length from points of filling to discharge 75 ft. 
Angle of dip . 12° 
Number of boys shovelling into conveyer 9 
Number of boys operating conveyer . 3 
Duration of test 30 mins. 
Number ofl6 c. ft. trucks filled at end of conveyer. 11 

= 22 trucks per hour = 14'3 tons per hour, that is, 12 boys 
transported ore at the rate of 14'3 tons per hour over a distance of 
75 ft. = 97'25 ft. tons per boy per hour. 

Allowing as before for collecting distributed ore, we get, as a 
final resnlt, three operating boys by means of the conveyer trans
port ore at the rate of 14'3 tons per hour a distance of 75 - 10 = 65 
ft., equal to 929'5 ft. tons per hour, which is equivalent to the 
work of 84'5 shovel boys. 

AERIAL R01'EWAYS (GRAVITY ACTUATED) 

No.1 rope way, erected April, 1902-
Length 
Number of boys filling and changing buckets 
Number of boys operating ropeway 
Capacity of buckets 

80 ft. 
8 
2 
0'0833 ton 
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Number of buckets per hour 96 
= 8 tons per hour = 64 ft. tons per boy per hour, inclusive of 

filling. 
No.2 rope way, erected June 1902-

Length. . . . . 
N urn ber of boys filling and changing buckets 
Number of boys operating ropeway 
Capacity of buckets . 
Number of buckets per hour 

137 ft. 
10 

2 
0'0833 ton 

120 
= 10 tons per hour = 114 ft. tons per boy per hour, inclusive of 

filling. 

DISCUSSION AT MAY MEETING, 1904 

Mr W. E. C. Mitchell-I read Messrs Saner and Carter's paper, 
and of the subsequent discussion .which followed, I like Mr T. L. 
Carter's reply, who goes thoroughly into the matter. 

Unless a shoot be properly hung, it is impossible to get satisfac
tion out of it. I have a shoot working on the Ferriera.Deep at 
present which is 100 ft. in length, and rolled saucer shape to allow 
of a larger shovelling surface; the plates are -h in. thick, strapped 
with angle iron to strengthen. 

The mine captain reported unfavourably upon it and wished to 
discard it. I then went down myself and altered the hanging of 
the shoot, drilled fresh holes, and, after a week's trial, found that 
one boy could do as much as three did before. 

I agree very emphatically with Mr Carter regarding underground 
shovelling. 

The rock is simply turned over, and not thrown, some distance, 
as it should be. Usually, the white ganger leaves the charge of 
the work to the boss boy, who simply does nothing. The so-called 
boss boy ought to be abolished and proper supervi3ion exercised over 
the work, by which we could obtain a higher efficiency at a less 
cost. 

Mr E. Hay-I have read with interest Messrs Chas. B. 
Saner's and George Carter's paper on the " Underground Handling 
and Transport of Ore," and should like, before the close of the dis
cussion, to give a few facts relative to the Rietfontein "A" aerial 
haulage, which may be of interest to members. 

At this mine, between the seventh and eighth levels west of the 
main shaft, it was found impossible to carry the reef in the develop
ment drives, owing to the fact that. it departed from the normal 

y 
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dip south and took up a fairly steep rise going west. On stoping 
being resorted to, it was found that the reef not only continued 
above the drive, but actually steepened considerably. At length, a 
point in the stope was reached where it was no longer practicable 
to put lip rises from the drive and connect with the stope for the 
handling of the are, and to obviate the necessity for shovelling over 
a long distanct', a mechanical haulage was designed and put into 
practice by 1\1r W. Skinner, engineer to the Oompany. 

Throughout the length of the stope are extended two ropes, 3-!, 
ft. apart, supported in 30-ft. stages by brackets clamped to old 
machine bars, in turn fixed upright in the stope. The upper ends 
of these ropes pass through eyebolts and are held by clamps, while 
the lower ends, near the dumping station, are fixed to an arrange
ment for tightening purposes. These ropes serve as the tract on 
which the buckets travel. The buckets themselves are of a capacity 
of 5 cwt., are side tipping and with overhead wheel-carriages. 
Attached to each is a light wire rope, which, at the top of the 
haulage, is given a double turn round a guiding pulley, supported 
on a machine bar and controlled by a band brake; this, in turn, 
being operated by a hand lever. 

o .ving to the variability of the angle throughout the stope, some 
difficulty was at first experienced in preventing the buckets from 
jumping the guide ropes, and, at oue point in the stope, where the 
angle undergoes an abrupt change from 23° to go, a special arrange
ment has been devised to take away the sudden variatio~. This 
is effected by fastening to the bracket channel iron guides. The 
bucket passing over this arrangement, leaves the rope at the steep 
angle, passes over the guidt', and rejoins the rope at the lesser 
angle, the guide thus modifying the change. 

The aerial gear was under construction for about six weeks, 
most of the time, however, being spent in blasting the hanging 
and footwalls of the stope, where necessary, in order to obtain the 
minimum required width of 5 ft. 6 ins. 

The haulage started at a length of 250 ft., but, the results prov
ing satisfactory, was subsequently extended to a total length of 
360 ft., and can, at any time, be further added to. 

The motive power is supplied by gravity, the full bucket descend
ing raising the empty one. Two boys are needed for the manipula
tion of the haulage-one to control the brake lever, and another to 
dump the buckets, which empty direct into the shaft box. 

Tracks are laid from near the stope faces, and trams transport 
the ore to the iron plates, whence the buckets are filled by boys. 
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The average time of descent of the bucket is 33 secs., and of 
loading-:-employing six boys-29 secs. 

The angle of the guide ropes varies from 24 0 at the top to 90 after 
passing the main bend, and the. average departure frolD the hori
zontal throughout the whole system is a little over 17. 

For the guide ropes old discarded IS- in. hauling ropes are used. 
The haulage has now run for upwards of thirteen months, the 

cost of maintenance having been inconsiderable. 
The President-I do not think I have anything to add to this 

paper myself, because I consider all the points have been well 
bandIed by people who are more in contact with underground work 
than I am myself. At the same time, I do not think we can dis
pose of this extremely interesting paper without again compliment
ing Messrs Saner and Carter for bringing to our notice these labour
saving devices. 

REPLY TO DISCUSSION AT JULY MEETING, 1904 

Mr C. B. Saner-The criticisms of, or rather contributions to, 
our paper have been so favourable that there is very little for us to 
reply to, and tbe various experiences given go to prove that we 
were well within the mark when showing the labour-saving qualities 
of the different devices mentioned by us. 

Mr Sawyer, in his book, gives illustrations of some of the con
trivances which we mentioned. IT ndoubtedly, these are well known 
and have been in use for some time, more especially in coal mines, 
but, at the same time, we would remind Mr Sawyer of the old 
saying, "There is nothing new under the sun," and often with a 
slight modification or local adaptation of an old idea a very useful 
device can be made, the application of which may prove of great 
value to current operations. 

To obviate Mr Hutton's difficulty when in washing down his old 
stopes (he got his pump choked up with slime), a small sump could 
easily be cut close to the cross-cut to the shaft. The cleaning out 
of this should not entail much trouble, as this washing down opera
tion should only he carried out every now and then. 

Mr T. Lane Carter is quite correct in saying that it is better to 
have a large quantity of rock broken in a stope, as the more 
continuous the running of any labour-saving appliance the greater 
becomes its efficiency; it would scarcely be economical to put up a 
large shaker when there is little or nothing to shake. 

Air-hoists for use in hauling stuff from winzes are certainly good; 
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equally good, and less expensive, are light skips made of n in. iron 
stiffened, running on rails worked by a hand windlass. 

In this connection, also, good work is being done by a modifica
tion of the aerial gear described. This modification consists of 
small, detachable buckets, which run down the winze on a wire rope 
suspended along the hanging wall, and which are worked by hand 
power. 

A shaker has lately been used for keeping fiat rises clear of stuff, 
and has been found to work admirably in this respect. In answer 
to Mr T. Lane Carter, we think 9 ins. in 100 ft. a good working 
grade j it is advisable to have the rails of deep web laid well above 
the floor of the level, and always kept clean. A few" umfaans " 
employed in cleaning the tracks would soon pay for themselves in 
easier and speedier tramming. 

Mr Lawrie Hamilton's example, illustrating the portability of a 
shaker, serves to show how careful we were not to exaggerate its 
usefulness. Mr Hamilton's remarks seem to imply that we claimed 
originality for the shaker, but originality for any of the appliances 
described was not claimed, as is shown by the publication on the 
photographs of the names of the mines in which they were taken. 
Furthermore, onr figures were taken over a long period, the work 
being under normal conditions and not being merely exhibition tests. 

The object of the test described is surely quite clear, viz., that by 
the use of the shaker more rock could be loaded into a truck from 
a distance of 90 ft. than could be supplied by hand even by first
class Cape boys working in the immediate vicinity of the truck. 

Shaking chutes have been in continuous use Oil the Nourse Deep, 
Ltd., for ten months, and so far as can be seen, they are still in good 
working order, and can yet be used for some considerable time. 

The longest chute is 225 ft. j the average length from point of 
filling to discharge = 180 ft. j angle of dip = 25' j length of time 
working to date, six months; tonnage handled = 6557 tons. vVe 
may mention that the Nourse Deep, Ltd., is now using about 
1200 ft. of shakers. 

The aerial gear test mentioned was an exhibition one, and there
fore the running was at top speed, with no stoppages. The second 
part of the paragraph has no connection with the first, and simply 
illustrates that by using this gear fourteen boys per shift were 
saved. , 

The excessive wear and tear in the, case of the mechanical haulage 
was mainly caused (as will be seen from the sketch plan) through 
working in such a crooked level. 
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We are very glad to hear that automatic lubricators are used on 
the Rose Deep Mine, but still maintain that a general adoption of 
this plan is advisable. Ball-bearing wheels are also conducive to 
good and easy running. 

The numerous examples of tests given by Mr Hamilton are very 
interesting and instructive, and help very materially to emphasise 
the usefulness and efficiency of the shakers and aerial gear over 
ordinary hand shovelling. 

The aerial gear at Rietfontein A, described by Mr Hay, is very 
ingenious, and when seen by us worked excellently. 

In conclusion, we would take this opportunity of drawing the 
attention of those interested to the Report of the Government 
Mining Engineer for the year ended June 30, 1903, in which very 
interesting illustrations, drawings and descriptions are given of 
several mechanical labour· saving devices actually used underground 
and some of which are mentioned both in our original contribution 
and in the subsequent discussion thereof. 

The President-I think, gentlemen, the Society has been very 
fortunate in having such an able paper read by Messrs Saner and 
Carter, and equally so in the discussions which followed and in the 
reply. 
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XIII 

A DEVELOPMENT IN ELECTROLYTIC PRECIPITATION 
OF GOLD AND SILVER FROM CYANIDE SOLUTIONS 

By E. M. HAlIHLTON (ASSOCIATE) 

(Read at November lVleeting, 1903) 

THIS paper is not designed to re-open the old discussion on the re
spective merits of the electrolytic and zinc methods of precipitation, 
but merely to bring before the Society certain modifications in the 
Siemens·Halske process as originally worked in South Africa, which 
have been developed by Messrs Charles Butters & Co., Ltd., in 
Mexico and the United States of America. And this r have tried 
to do, thinking that it would be of interest to all connected with 
the cyanide process, even if the methods here described should not 
be found suitable or applicable to the conditions of the Rand. 

r think it was in 1899 that Mr H. T. Durant was first engaged 
in working out these modifications at the Minas Prietas Reduction 
works of Messrs Charles Butters & Co., Ltd., in the State of Sonora, 
Mexico. He had made a start in this direction shortly before 
leaving South Africa, by experimenting with peroxidised lead 
anodes, but it was in Minas Prietas that most of the work was 
done. 

Mr Durant himself would, of course, be the best qualified to 
describe this stage of the investigation, but as the time required for 
letters to pass between Mexico and Rhodesia is so considerable, r 
have thought it best to take up the subject at the point where r 
had my first experience of it, in the hope that he will himself 
supplement my information later, should he have any special points 
of interest to impart to us in regard to his original experimental 
work. 

The plant at Minas Prietas is of modern design, much after the 
style of the South African cyanide plants, with sands and slimes 
departments, and the method of slimes treatment is that usually 
adopted in plants under the control of Mr Charles Butters, viz., 
the use of a single tank for the treatment of one charge, instead 
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of transferring the charge from tank to tank, and the use of 
mechanical stirrers in addition to centrifugal pumps for agitation 
purposes. 

The capacity is about 9000 tons a month, of which about 40 
per cent. would be slimes, and the rest sands. The tailings being 
treated at the time referred to were accumulated in dams after 
having beeu handled by the pan-amalgamation process, and for 
every dwt. of gold would carry, roughly, about 1 oz. per ton of 
silver, and also a variable amount of copper derived from the pan 
treatment. 

When I arrived in Minas Prietas in July 1900, I found the 
following precipitation plant in operation: Six boxes, each 30 ft. 
long, 10 ft. wide, and 5 ft. deep (with the bottom inclined to one 
side), and divided into twelve compartments, each of which contained 
18 anodes and 17 cathodes. The boxes were placed in two rows of 
three, and the solution passed through two boxes in succession 
before reaching the storage tanks. Four of the boxes were used 
for slime solution, and the other two for sand solution; the current 
was supplied by two Siemens-Halske dynamos, each having a 
capacity of 250 amperes and 30 volts, and the currrent-density was 
from 0'2 to 0'25 amperes per sq. ft. of anode surface. 

Before going into the details of working it will be well for me to 
state briefly the chief points of difference between this method and 
the Siemens-Halske process as originally worked. 

1. The anode, instead of being made of iron, is composed of sheet 
lead coated with lead peroxide, and is not covered with canvas or 
enclosed in any way. 

2. The metal precipitated is not plated on the cathode, but is 
deposited thereon in the form of a fine slime, which falls to the 
bottom of the box, and is cleaned up and dealt with exactly in the 
same way as the similar product from the zinc process. N ow, as 
to the method of working. 

A nodes.-The anodes above mentioned are sheets oflead-f., in. thick, 
with a lead lug soldered on the corner of each, and a strip of wood 
along the top to strengthen it and by which to suspel).d it in the 
box. It is coated with lead peroxide by being placed in a bath of 
permanganate of potash and connected with the positive pole of 
the dynamo for a given time. 

After repeated trials under different conditions we find the 
following to be the most satisfactory way of making the anodes 
which we have as yet tried: The sheets of lead arc received cut to 
the desired size, then one corner of each sheet is scraped clean on 
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both sides, and a cylindrical lug about} in. in diameter and 4 ins. 
long (or a pair of such lugs) is cast on to the plate. This is done 
by means of a split iron mould with handles, somewhat after the 
style of the old-fashioned bullet mould, which is clasped and held 
on the corner while the molten metal is poured in from the top. 
It has been found advisable to add a small quantity of till solder to 
the lead used for the casting, so that it may have a slightly lower 
melting point than the lead plate, sufficiently so to avoid fusing the 
latter through, while, at the same time, being hot enough to make a 
good junction at the surfaces of contact. The next thing done is 
the placing of the wooden support; we now put this on in one 
piece, instead of in two strips, as formerly. Lengths of wood 
about 1 in. square are grooved out on one of their sides to a iIepth 
of about ! in. and l6 in. wide. These are then cut into short 
lengths the width of the plate, and the top edge of the latter 
placed in the groove, where it is secured by four or five wooden 
pegs driven through the wooden strip and lead sheet, and holding 
the two firmly together. The plate is now ready to be peroxidised. 
At Minas Prietas this is done in a special box, which holds only 
three plates at a time, but in the case of a new installation it would 
probably be found more convenient to fix up one of the working 
boxes for this purpose and do a large number at a time. 

We have found that to get the best results the plate should be 
scratch-brushed immediately before being placed in the bath, so as 
to give a clean, metallic surface. The solution should be not less 
than 1 per cent. of permanganate of potash in water, and should 
be maintained at this strength by frequent additions of the per
manganate as the solution grows weaker, tests on it being made at 
intervals by titration with ferrous sulphate. The plates, when 
placed in the bath, are at once connected with the positive pole of 
a dynamo, the cathodes of the cell being formed of similar lead 
plates, which, of course, remain there throughout. The current
density used for the operation is 1 ampere per sq. ft. of anode 
surface, and the minimum time of treatment is one hour. Anodes 
peroxidised in this way have been in use for the last ten or twelve 
months, and at the present time have as good a surface as on the 
day they were first placed in the box. 

Cathodes.-At the outset the cathodes used were lead foil, cut into 
strips and hung on wires, as in South Africa. These were removed 
every day or two, and the deposit washed off with brushes under a 
stream of water, the cathodes being then replaced in the box. A 
large proportion of the deposited metal would also drop off the lead 
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foil and fall to the bottom of the box, from which it was periodi
cally cleaned up. 

It will readily be seen that a thin, lead-foil cathode cut into 
strips would not long stand such an amount of handling as was 
involved in this method of cleaning, and very shortly after my 
arrival my attention was called to finding some form of cathode 
more suitable to our purpose_ After experimenting with various 
metals, we have at length settled on a cathode of tin plate, which, 
up to the present, seems to work very satisfactorily. The material 
is simply good quality commercial tin-plate, and each cathode has a 
strip of iron about i in. width and i in. thick riveted along the 
top edge, to support it in the box. The wire connecting it with 
the electrical circuit is soldered on to the surface of the plate, the 
Qther end being also soldered on to the copper tape which supplies 
the current. 

The cleaning is done in the box by means of a kind of double 
squeeze, which, being slowly passed down the surface of the plate 
from above, wipes down both sides at the same time, and leaves the 
precipitate settled on the bottom of the box; each cathode is 
cleaned thus every day or two, as may be found necessary, the flow 
Qf solution being, of course, closed off during the operation. 

The advantages of the tin plate as a cathode over the lead foil 
are as follows :-

1. It is practically indestructible. 
2. It can be cleaned down without being removed from the box. 
3. It affords a means of perfect electrical connection with the 

copper leads, which was impossible when the cathode was a sheet 
of lead foil bent over a piece of iron wire. Anyone who has 
worked with the latter will know how very unsatisfactory used to 
be the connection and the consequent distribution of current. 

For the periodical clean-up we have at Minas Prietas to remove four 
Qr five anodes and cathodes in the centre of each compartment, but our 
new boxes at the Virginia City Works, Nevada, U.S. A., are built with 
spitzkasten bottoms, so that neither anodes nor cathodes need ever 
be removed from their places, all that is necessary when clean-up 
comes round being to open a decanting pipe and run off the clear 
liquor, and then open a valve in the point, of the bottom and run 
the precipitate wherever it may be needed, afterwards flushing out 
the inside of the box by means of a hose and a little clean water. 

The deposition of the metal as a slime instead of a plating is 
effected by increasing the current-density till it is in excess of its 
proper ratio to the amount of metal in solution and decomposition 
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of water occurs, causing deposition of hydrogen on the cathode 
simultaneously with the metal. 

Advantages of the foregoing modifications over the older method 
of working as original(y practised on the Rand :-

l. The absence of any action 011 the anode, thus rendering it 
permanent, and avoiding by-products formed by its dissolution. 

2. As a consequence of the foregoing, a very wide latitude in the 
current-density which may be employed, in contrast with the 
behaviour of the iron anode, which rapidly succumbed to the effects 
of a high current. 

3. The permanence of the cathode, which, instead of being melted 
down every month in order to recover the values deposited, remains 
in its place the whole time. 

NOTES AND COM~IENTS 

OUTrent Strength.-The question of how to regulate the current 
so as to obtain the greateat efficiency with the least loss is a difficult 
though important one. It will be seen that though the anode will 
permit the use of a very high amperage, yet when the point 
necessary for the formation of a non-adherent deposit is reached, 
any additional increase of current will mean an increasing loss of 
effectiveness in such 'current, and also a reduction in the amount 
of cyanide regenerated, and possibly even a destruction of cyanide 
already free in the solution. We have to consider:-

1. The amount of metal held in solution. 
2. The amount of solution per hour running through the boxes. 
3. The area of electrode surface. 
r n considering the variation of these quantities we have found 

the following tendencies :-
1. If we suppose the electrode area and amount of solution per 

hour to be constant, an!1 if we increase the amount of metal in 
solution, we may then increase the current in proportion and get so 
much more metal precipitated. 

2. But if, on the other hand, we keep the area and amount of 
metal per ton constant, and increase the quantity of solution, a 
corresponding increase of current gives a disproportionate and con
tinually diminishing effect. 

3. If, again, we retain the same quan~ity of solution per hour 
and the same value of solution, but increase the electrode surface, 
an equivalent of the same current-density as before (only spread 
over a greater area and therefore proportionately less) will give a. 
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greater efficiency in metal precipitated. Thus, even in our modified 
method of working, Mr Von Gernet's statement on this subject 
will still to a great extent hold good. At a meeting of this Society 
on August 18, 1894, in a paper on "Electrical Precipitation of 
Gold," 1 after calling attention to the fact that, owing to the weakne~s 
in metal of ordinary cyanide plant solutions an artificial diffusion 
of the liquid is necessary, he says, "but it is still more important 
to give a very large surface to the electrodes. In fact, a better 
effect is obtained by doubling the number of plates than by increas
ing the current tenfold." 

The tendency would appear to be, then, that the current-strength 
ought to vary as the amount of metal in solution, but that the 
electrode area should vary as the quantity of solution or speed of 
flow. The last case, viz., the determination of the electrode area, 
will algo be influenced somewhat by the amount of metal in solu
tion-to this extent, that, as Mr Von Gernet points out, 'a solution 
weak in metal will need a much larger area than one rich in metal 
-but from an electrolytic point of view we might class all solu
tions from a cyanide plant as being "weak in metal," so that 
variations in area due to this cause will be very small as compared 
with those necessitated by variations in the amount of solution pass
ing per hour. 

'What the ratio is between anode area and amount of solution is 
difficult to determine. Of course, it is easy to find out in any 
given case by experiment what ratio will give the best practical 
results, but we have not yet succeeded in establishing a rule applic
able in general. Nor does Mr Von Gernet help us much on this 
point. In the above-mentioned paper he states that to precipitate 100 
tons of solution (containing 5 dwts. of gold per ton) in twenty-four 
hours 10,000 sq. ft. of cathode surface are necessary, but he does not 
say how this figure is obtained, nor under what circumstances and to 
what extent it is variable. Of course working as we do for a nOl1-
adherent deposit, we can make up for deficiencies in electrode area 
to some extent by raising the current-density, but this, as I have 
already pointed out, is a wasteful proceeding, and to be avoided, 
if possible. 

The correct relation of quantity of solution to electrode area, i.e. 
the most economical adjustment of one to the other, is a question 
I am obliged to leave unanswered for the present for want of 
sufficient data. I will, however, give some working figures from the 
Minas Prietas plant to illustrate my contentions in this section of my 

1 Proceedings of this Society, Vol. 1. pp 28·33. 
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paper. I will take for this purpose November and December 
1901, because I happen to have the figures for those months by me 
and am writing at a distance from Minas Prietas. 

1. Solutions from Sand Treatment.-The total anode area for deal
ing with this solution was 6950 sq. ft., and the average flow per hour 
9 tons, or 216 tons per twenty-four hours. Putting this into the 
same terms as Mr Von Gernet's estimate, we have 3217 sq. ft. to 
precipitate 100 tons of solution per twenty-four hours. (In the 
present case anode area is equivalent to cathode area.) The other 
conditions were as follows: current-destiny, 0'55 ampere per sq. ft. ; 
voltage between the electrodes, about 3 (varying slightly in differ
ent compartments). Value of solution, average over the two 
months in question: 

Entering. Leaving. 
Gold. Silver. Gold. Silver. 
dwts. ozs. dwt. oz. 
2'93 3'51 0'26 0'29 

Percentage 
precipitated. 

Gold. SilYer. 

91 per cent. 91 '7 per cent. 

Thus the total value of the tail solutions was equivalent to about 
10 grns. of gold per ton. As we never used this solution for final 
washes, we did not think it profitable to expend more power in 
reducing the value any lower. 

2. Solutions jTom Slimes Treatment.-The total anode area allotted 
to this solution was 13,536 sq. ft., and the average flow per hour 
20 tons, or 480 tons in the twenty-four hours. Thus, to precipitate 
.100 tons of solution per twenty-four hours we were using 2818 sq. 
ft. of anode. Current-density was 0'3 ampere per sq. ft. ; voltage 
between the electrodes about 2'6. Value of solution. Average 
over two months :-

Gold. Silver. Gold. Silver. Gold. Silver. 
dwts. ozs. dwt. oz. 
1'10 1'45 0'13 0'15 88 per c~nt. 89'6 per cent. 

or a total tail value equivalent to about 5 grains of gold per ton. 
On several occasions during this period it happened that the flow of 
solution was cut down to about two-thirds of the normal flow, for a 
day or two at a time, with the following result in assay value of 
outflow: gold, 0'05 dwt.; silver, 0'06 oz. Whether, owing to 
re-solution of metal, or to mechanical losses of impalpable slime in 
suspension, this is about the lowest tail val~e we ever succeeded in 
getting at Minas Prietas, being approximately equivalent in value 
to 2 grains of gold per ton. 

The foregoing will give a rough idea of the ratio between 
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electrode area and quantity of solution which may be expected t(} 
give workable results under conditions similar to those described. 
I will next give a few figures and tests I have made, illustrating the 
effect of some varying conditions in the boxes. 

FIRST EXPERIMENT 

The solution from the slime plant was divided into two equal 
streams, and treated under two different systems. 

System No. I.-Half the above solution was run through two· 
boxes in tandem, which were in the same circuit and run by a 
separate dynamo, and were furnished with a current of 0'3 ampere 
per sq. ft. (This dynamo was indicating 250 amperes and 25 volts.) 

System No. 2.-The other half of the solution was run through a 
single box, wired so as to give 0'7 ampere per sq. ft., and also 
having its own dynamo which indicated 200 amperes and 38 volts. 

Thus the amount of solution and its value were the same in each 
case, but in No.2 there was one-half the electrode surface and more 
than double the current-density Qf No. 1. The average assay over 
ten days was as follows:-

Gold, dwts. 
1'30 

Inflow. 
Silver, ozs. 

1'56 
Outflow. 

System No. 1. System No.2. 
Gold, dwt. Silver, oz. Gold, dwt. Silver, oz. 

0'15 0'16 0'23 0'25 

Thus not only did the increase of current-density not make up for 
the deficiency in surface in No.2, but it also caused a waste of 
power, using 7600 watts as against 6250 watts for the No.1 
system, or nearly 2 h.p. more. The test shows, however, that. 
deficiency in area can be largely compensated for by increase in 
current, though the remedy is not economical. 

SECOND EXPERIMENT 

The current-density in system No. 2 was raised to 0'8 ampere· 
per sq. ft. Average assays over three days:-

Gold, dwts. 
1'46 

Inflow. 
Silver, ozs. 

1'70 
Outflow. 

System No.1. System No.2. 
Gold, dwt. Silv:er, oz. Gold, dwt. Silver, oz. 

0'17 0'20 0'23 0'26 
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It would thus seem that the current used in the ,first experiment, 
system No.2, was about the limit, beyond which any increase had 
practically no effect on the value of the outflow. 

THIRD EXPERIMENT 

No. 1 system remained as in the previous tests, but No.2 system 
was composed of two boxes, in tandem, wired so as to give a 
current-density of 37 amperes per sq. ft. (Dynamo for No. 2 
indicated 240 amperes and 35 volts.) Average assays over ten 
days:-

Gold, dwts. 
1'21 

System No. 1. 
Gold, dwt. Silver, oz. 

0'13 0'14 

Inflow. 

Outflow. 

Sil vel', ozs. 
)'54 

System No.2. 
Gold, dwt. Silver, oz. 

0'14 0'16 

Thus, with equal electrode surfaces, there was absolutely nothing 
gained by expending an extra 3 h.p. on current tending to show 
that in system No.1, other conditions being equal, 0'3 ampere per 
sq, ft. was the maximun which could be profitably employed. I 
have figures of other experiments, showing, in the main, similar 
results, but to describe them all would unduly draw out my paper. 

Waste oj Cnrrent.-It will be obvious that the current used under 
the foregoing conditions will be very much in excess of the 
theoretical amount necessary to deposit the quantity of metal 
present. 

Figures were kept for two months to try and determine approxi
mately the extent of such waste. The total gold, silver and copper 
from each box cleaned up was carefully estimated, including values 
in slag. This total was then divided by the number of ampere
hours required to produce it, and the result compared with the 
theoretical amount of metal which might have been deposited 
.determined by taking the theoretical' rate of deposition for the three 
metals, gold, silver and copper, in the proportion in which they 
were deposited, and making an average of them, and then calling 
such average the theoretical rate of deposition of such a gold-silver
.copper alloy. For instance, in the case of one box (the first sands 
box) the average proportion of the metals cleaned up during two 
months was as follows :-

Gold. 
Silver 
Copper 

3'16 per cent. 
81'14 

" 15'70 
" 
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Then, if the theoretical rate of deposition per ampere-hour be 
For gold (monovalent) 113'17 grains 

" silver 62'1l " 
" copper (divalent) 18'62 " 

the weight of gold-silver-copper theoretically capabltl of being 
deposited by 1 ampere in one hour would be (in this box) 56'83 
grnB. Thus we need a different theoretical standard for each box, 
according to the proportion in which the three metals are pre
cipitated. Before tabulating the results of this test it will be well 
for me to explain what the different boxes are which are there 
mentioned. No.3 is the first box to receive the solution leaching 
off the sands plant. On leaving the tail of boxN o. 3 this solution 
passes directly into No.6 and from the tail of No.6 into the storage 
tank. Boxes Nos. 1 and 2 are those into which the solution from 
the slimes plant first runs; and from the tail of Nos. 1 and 2 this 
solution passes into Nos. 4 and 5, and so out to the storage tank. 

The current was supplied by three dynamos, and the current 
density was for slimes solution 0'3 ampere per sq. ft. of anode, and 
for sands solution 0'55 ampere per sq. ft. 

It will be seen that the current used is enormously in excess of 
that theoretically necessary, but in considering this method of 
precipitation as compared with others, account must be taken of 
the fact that the item of power is practically the only expense 
involved; and, as we shall see in the following sectioll, a part even 
of this expense is offset by the value of the free cyanide which is 
regenerated during precipitation. The average current leaving the 
dynamos during the two months covered by the test was 25,026 
watts, or about 34 h.p., and requiring actually about 30 i.h.p. 

TABLE 

Taken over two months, November and December 1901. 

Clean.up from ull source9. Grains of gold-
(ozs. troy.) Grains of silver-copper Theoretical I Totnl gold-silver- theoretically percentage Box number of capable of 

Number. ampere- copper actually being deposited of I 

Gold Silver. Copper. Total deposited per amperage 
ozs. ozs. ozs. ozs. hOlll'S. ampere-hour. per ampere- wasted. hour in tIl is 

box. 
------------------------

Per cent. 
No.3 1,336 34,297 G,633 42,266 2,698,104 7-52 56'83 86'76 
No.6 410 10,338 4,678 15,476 2,453,808 3'02 50'19 93'90 

Nos.1&2 775 20,840 15,139 36,754 2,821,778 6'25 45'12 86'10 
Nos. 4&5 208 5,368 6,477 12,053 3,029,950 1'90 39'41 95'17 

------------

I 
Totals 2,729 70,893 32,927 106,549 - - - -

I 
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REGENERATION OF Oy ANIDE 

Before giving any figures under this head I will quote a pasEage 
from Mr Walter MCMillan, which may help to explain what occurs 
during preci pitation.l 

" In passing the electric current through a solution of potassium
silver cyanide, KAg(ON)2' the double cyanide is broken up into the 
cation, K, and the anion, Ag(ON)2' The potassium is deposited at 
the cathode, but by chemical exchange displaces from the surround
ing solution of the double cyanide an, equivalent of silver (which 
deposits on the cathode) and forms potassium cyanide in the liquid 
(thus: KAg (ON)2 + K = Ag + 2KON). Thus there is a concentra
tion of potassium cyanide around the objects which are being 
plated. The silver travels in the anion Ag(ON)2 to the anode, 
where the ion decomposes into AgON + ON, and the cyanogen (ON), 
set free, attacks the silver anode to form another molecule of silv6r 
cyanide. Hence at the anode there is formed a double quantity of 
the insoluble compound silver cyanide. It is therefore necessary 
that a good excess of free potassium cyanide be present, to combine 

. with the silver cyanide (which would otherwise form an incrusta
tion on the anode) and thus to form the soluble double cyanide, 
whereby the silver is carried into solution and the anode is left 
bright throughout." Again, on page 360, the same explanation is 
given in the case of potassium aurocyanide. 

N ow, the foregoing reactions are given with reference to a soluble 
anode, but if we suppose the anode to be an insoluble one the result 
would appear to be as follows :-

KAg(ON)2 
cathode I anode 

I 
K 

then 
K + KAg(ON)2 = 2KON + Ag 

I 
Ag(ON)2 

split up into 
AgON +ON 

Thus at the end of the reaction we have on the cathode side silver 
(which remains on the cathode), and potassium cyanide in the 
solution; while on the anode side we have silver cyanide and 
cyanogen. If, then, we take one molecule of potassium cyanide from 
the cathode side of the diagram and combine it with silver cyanide on 
the other side, we have potassium-silver cyanide; so that when the 
anode is not soluble we have one mole cute of potassium cyanide left 

1" A Treatise on Electro-Metallurgy," by Walter M'Millan; 2nd edition. 
Charles Griffin & Co., Ltd. Page 198. 
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free in the solution (representing potassium cyanide regenerated) and 
also cyanogen. So that we might summarise the reaction thus :

KAg(ON)2 = Ag + KON + ON 
showing for every molecule of potassium-silver cyanide a regenera
tion of one molecule of potassium cyanide_ 

In the above reaction it is assumed that the current-density is in 
proper proportion to the metal present in solution. Should, how
ever, the current be in excess, or, in other words, should potassium 
be deposited on the cathode so fast that it cannot find enough of 
the potassium-silver cyanide in the neighbourhood of the cathode 
to react upon, the excess will decompose water and deposit hydrogen, 
and the amount of potassium _cyanide finally regenerated will be 
diminished._ Now as to actual results obtained. Regeneration of 
cyanide is a phenomenon which is very noticeable when working 
under the conditions described above, though I do not remember 
that it attracted attention during the discussions on the electrolytic 
process in South Africa, where indeed it would not be likely to b~ 
in evidence owing to the difference in conditions of working. On a 
few occasions when working on the Rand I noticed a slight rise in 
cyanide strength after the solution had passed through the box, but 
in each case it was so small that it might have been accounted for 
by a difference in the finishing point of the titration, and I did not 
follow it up by making any systematic tests. At Minas Prietas, 
however, where my attention was first called to it by Mr Durant, I 
have made repeated experiments to verify this, the test in one case 
running over five consecutive months, and giving the following 
results (samples taken by hand every two hours, and tests made 
on each day's composite sam pie) :-::-

Month. 

September 1902 
October 

" November 
" December 
" January 1903 

Averages. 

z 

SANDS SOLUTION 

Average strength in KON 

Tail of Box. Head of Box. 

Per cent. Per cent. 
0'10745 0'09618 
0'08329 0'06835 
0'09305 0'06732 
0.09400 0'08357 
0'09123 0'08061 

0'09380 0'07920 

Increase. 

Per cent. 
0'01127 
0'01494 
0'02573 
0'01042 
0'01062 

0'01460 
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SLIMES SOLUTION 

Average strength in KON 

Month. Tail of Box. . Head of Box. I Increase. 

Per cent. Per cent. 
I 

Per cent. 

September 1902 0'06254 0'04654 I 0'01600 
October 

" 
0'05235 0'04164 

I 
0'01071 

November 
" 

0'05458 0'04200 0'01258 
December 

" 
0'04343 0'03614 I 0'00729 

I 

January 1903 0'05046 0'03800 I 0'01246 

Averages. 0'05267 0'04086 I 0'01181 

From this table it will be seen that the average increase in strength 
caused by passing through the boxes (taken over five months) was:-

For sand solution 
For slime solution 

0'0146 per cent. KON 
0'0118 per cent. KON 

or, in other words, for every 100 Ibs. of solution which passed 
through the sand solution boxes 0'0146 lb. of potassium cyanide was 
regenerated, and for every 100 Ibs. passing the slimes boxes 0'0118 
lb. of potassium cyanide was regenerated. N ow the relation of 
the amount of ore treated to solution going through the boxes was: 
For sands, 1'2 tons of solution per ton of sand; and for slimes, 4 
tons of solution per ton of slime; so that for every ton of sand 
treated we recovered 0'35 lb. of cyanide, and for every ton of 
slimes 0'94 lb. Then, if the slimes be taken to constitute 40 per 
cent. of the tailings treated, we have a total saving in cyanide of 
0'58 lb. per ton of ore treated during the period covered by the 
test. (I may here mention incidentally that the total average 
cyanide consumption on the plant was from 2'5 to 3 Ibs. per ton 
of ore.) 

The difference in cyanide recovery between sands and slimes is 
very noticeable, and the following would seem to be the way to 
account for it: From the preceding precipitation table it will be 
seen that the slime boxes yielded ~ea:rly double the amount Of 
copper which was recovered from the sand boxes; if, then, this 
copper be considered to be in solution in the ,cupric f?rm, one ounce 
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.of it woul(l furni§P' about three times as much potassium cyanide as 
a similar weight of fjilver, and about ~ix times as much as a similar 
weight of gold. The above-mentioned table does not cover the 
same period as the tabl(;j on cyanide regeneration, but is sufficiently 
representative to be used as an illustration. If the weights of gold, 
.silver, and copper, precipitated in the sands and slimes boxes, 
respectively, be considered in regard to the possible potassium 
.cyanide they could furnish in the act of being precipitated, the 
slimes box will have a very marked advantage, especially when it 
is remembered that this box only .deals with 40 percent. of the 
total tonnage of ore treated. 

In order to see how the amount of cyanide actually recovered 
per ton of ore compared with the theoretical amount capable of 
being regenerated in accordance with the foregoing reaction, the 
total gold, silver and copper precipitated during the five months 
.covered by this test was divided by the total number of tons 
treated. This gave an average of-

Gold, ozs. 
0'12 

Sil ver, ozs. 
2'57 

Oopper, ozs. 
5'88 

precipitated per ton of ore treated. Then, taking as a basis the 
equations 

KAu(ON)2 = Au + KON + ON 
KAg(ON)2 = Ag + KON + ON 
K 20u(ON)4 = Ou + 2KON + 20N 

we have a cyanide regeneration of 0'93 lb. per ton of ore treated, 
as against 0'58 lb. actually recovered per ton of ore. 

Now, the theoretical figure taken, if correct, could only be so 
when the current is so adjusted as to cause no decomposition of 
water; but, as a matter of fact, there is in the boxes a very lively 
decomposition of water, and, therefore, a loss of available potassium 
cyanide, potassium hydrate being formed at the cathode and 
hydrogen being liberated; and such loss would seem to be far 
greater than the difference shown between the actual and theoretical 
amount of potassium cyanide regenerated; consequently, it would 
seem legitimate to suppose that the cyanogen shown to be liberated 
a.t the anode combines to some extent with the potassium hydrate 
in the solution to form free potassium cyanide ~hus-

20N + 2KOH = KON + KONO + H 20 
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In this case, there would be going on simultaneously a very active 
decomposition and recomposition of free potassium cyanide, and our 
free cyanide actually shown by test to be recovered would represent, 
the difference between these two tendencies. 

Mr M. F. Perry, the general manager at the Minas Prieta.s 
Works, informs me that lately, since they have been treating the 
ore direct from the mine, without any previous amalgamation or 
concentration, the regeneration of cyanid e has decreased very 
considerably. One cause which would make this more apparent 
would be the absence of copper in the solution. The only other 
difference in conditions would seem to be the increase in the amount 
of silver sulphide in the ore. I have heard several cyanide chemists 
give it as their opinion that, in the case of treating silver sulphide 
with potassium cyanide, the silver sulphide is decomposed and 
gives up its sulphur to the potassium; but Dr Rose (" Metallurgy 
of Gold") states reasons for believing that silver sulphide is in some 
cases directly soluble, without decomposition, in strong (and even 
in weak) solutions of cyanide. It is difficult to suggest reasons for 
the decrease in regeneration of potassium cyanide in the present 
instance without knowing exactly in what form the silver comes 
into the boxes. 

LIME PREOIPITATION 

One drawback we have encountered in worki,ng out this method 
is the precipitation of the lime held in the solution. It is chiefly 
noticeable in the slime solution boxes, and more especially the 
second set, into which the solution flows after leaving the first set 
of boxes. It has sometimes formed as much as 30 to 40 per cent. of the 
precipitate cleaned up from these boxes, and, of course, has added 
very much to the difficulties of f<melting. An incrustation, chiefly 
composed of calcium carbonate, also forms on anodes, which have 
been thoroughly peroxidised. The anodes we made during the 
first two years or so gradually wasted away, and in the process 
accumulated the heavy white crust above mentioned; but, as I said 
in the first section of this paper, anodes peroxidised under the 
conditions there stated, have, up to the present, shown no change 
9f surface whatever. An analysis of this crust, made for me by 
Messrs Lehman, of Baltimore (Maryland); showed the following con-
stituents ;- ' 
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Moisture 0'275 per cent. 
Loss upon ignition 6'060 

" Calcium oxide 41-580 
" Carbon dioxide 31'120 
" Lead metallic 13'530 
" Tron oxide 0'540 
" Copper metallic 0'750 
" Sulphuric acid 4'400 
" Chlorine 0'670 
" Vanadium 0'095 
" Silver 0'126 
" Gold 0'003 
" 

99'149 per cent. 

Why the lime is thrown out of solution, I am unable to say; it 
might be possible to represent the reaction by the following ;-

2CN + 2KOH = KCN + KeNO + H20 
KCNO + 2H20 = NHa + KHCOa 
KHCOa+Ca(OH)2=CaCOa+KOH+ H20 

A smell of ammonia is often distinctly perceptible in the 
atmosphere around the boxes, especially those in which most lime 
is precipitated. But the above explanation would not appear to be 
sufficient to account for the facts if it indicates nothing more than 
a substitution of potassium hydrate for calcium hydrate in the 
solution, for this reason: when trying various methods to reduce 
the amount of lime in the precipitate, I cut down the free lime in 
the working solutions to the lowest point compatible with proper 
settlement of the slimes. Under these conditions, solution which 
showed 0'005 per cent. of lime (by alkalinity test), when going 
into the boxes, did not show a trace of free alkali after passing 
through. This last fact would, perhaps, point to a decomposition 
of potassium hydrate by the cyanogen liberated at the anode, as 
suggested in the preceding· section. If this should be so, the 
addition of potassium hydrate at the head of the box might result 
in an increase of free cyanide regenerated. I hear that Mr Clive 
Newcomb, who now has charge of the precipitation of Minas 
Pietras, is experimenting with a drip of potassium hydrate with 
this end in view, independently of any suggestions contained in 
this paper. Up to the time of going to mail, however, I have not 
received any figures on this test. 
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As regards the lime, it is possible that calcium carbonate is not 
formed in the first'instance, but that the calcium combines directly 
with the cyanbge'n at the anode to form calcium cyanide which 
then unriergoes further changes. 

The only way we have so far found to abate the nuisance is to, 
reduce the current-density employed; the, tendency increases with 
increase of current, and vice versa. This would be another reason, 
in addition to those given in earlier sections of the paper, for 
having sufficient electrode area to be able to use the lowest current 
density compatible with a proper sliming of the metal precipitated. 

CONCLUSION 

As regards the usefulness of this method of electrolytic preClpl
tation it is possible that it would not be advantageously applied in 
the case of a 'propositionwhere the metal to be deposited is almost 
exclusively gold-this could only be found out' by trial-but where 
the values are largely composed of silver (implying a considerable 
weight of metal to be thrown out of solution) it would seem likely 
to be very serviceable, and in cases 'where large quantities of copper 
are dissolved in company with the gold and silver the method 
would probably be found exceedingly valuable. 

In conclusion, I would thank members for giving me their 
attention for so long, and' would ask them to remember, if they 
should consider it worth their while to discuss my paper, that 
whenever I have wandered outside the bounds of figures and data 
into the region of speculation, I have done so as a practical man 
and not as a chemist, with the object of raising questions of interest 
rather than of answering them, and I shall not be surprised if I 
find that much that I have written under this head is open to 
criticism. As regards data, I have taken pains to make them as 
correct as possible, and I think members can take them as 
accurately representing the facts. In carrying out experimE)llts and 
obtaining the above-mentioned data I have to acknowledge the 
valuable ·assistance, first, of Mr W. Mosher, and later, of Mr 
Charles Morgan, both Associates of this Society, and Mr Harry 
Freiburger. 

ADDENDUM 
/ 

: In the foregoing paper there is one, statement which I should 
like to supplement. On p. 344 I said: "Anodes peroxidised in 
this way have been in use for the last ten or twelve months, and at 
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the present time have as good a surface as on the day they were 
first placed in the box." 

I am informed from Minas Prietas that eight or nine months 
after this statement was 'made the anodes in question began to show 
signs of wasting, and our experience is that when once the surface 
begins to disintegrate, deterioration is comparatively rapid. 

Thus, we cannot yet consider these anodes to be permanent, 
though they ar~ undoubtedly the most satisfactory we have tried. 

E. M. H. 
AUgl~St 15, 1904. 
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XIV 

NOTES ON SMELTING AND CUPELLATION 

By F. L. PIDDINGTON (ASSOCIATE) 

(Read Itt the December Meeting, 1903) 

IT is proposed in these notes to describe the method generally 
used in the treatment of small parcels of rich material, such as' 
{)yanide precipitates, jewellers' and mint sweep, and the drosses 
produced in the ordinary routine of a lead refinery. 

A smelting process is practically the only method ever con
sidered, and, apart from the question of convenience, it is doubtful 
whether any other can compare in quickness, efficiency and economy 
with a simple smelting with litharge and a reducing agent. The 
furnace used is a reverberatory, either of the usual type, or one 
with a removable hearth. A large cupel is a convenient form of 
the latter, and for this class of work it offers some advantages over 
the furnace with a fixed bottom. In the first place, when smelting 
is finished, the slag is skimmed, the blast turned on and the bullion 
concentrated to a suitable point (say 50 per cent gold and silver), 
when it is transferred to a smaller refining cupel. There is an 
appreciable saving of time in adopting this course, and, incidentally 
the life of the refining test is prolonged. The second point intro
duces the general question of furnace absorption. Losses arising 
from this cause may be, and often are very serious; with a badly 
constructed bottom it may easily happen that half the metal gets 
a.way into the bottom, with the result that the whole furnace has 
to be dug out and sent through the blast furnace. In an article on 
H Slag Settling Furnaces" (Eng. and Mining Journal, Dec. 9th, 
1899), Dr Mal vern Iles writes: "The absorption in the bottoms of 
the furnaces is always large, and it is surprising what a large 
.amount of gold, silver, lead and copper will be hid away .... The 
furnace absorptions are exceedingly large at all lead smelters." 
Although the brick bottom i.e., brick laid' in an inverted arch, as 
applied by Messrs James and Griffiths to' copper furnaces, has done 
a great deal to minimise these losses, they are still to be reckoned 
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DEC. 1903] Cupe!!ation Furnace 36r 

with. In the article referred to, Dr lIes recommends enclosing the 
bottom and sides.in a water jacketed pan. For smelting operations 
of the character here considered, the cupel t,ype of furnace obviates 
any serious loss, as the filling is renewed frequently, any metal 
a.bsorbed is recovered at short intervals. If soakage through the 
bottom takes place it is seen at once, as the underpart of the 
furnace is open to view. The great richness of the .material . 
under treatment .increases the importance of this question. 
The principal objection to the use of a cupel is that smaller 
<:harges must be used; but with only a few hundred pOllnds to 
be smelted, this is not a serious matter. A cupel for this work should 
be water cooled, either by a pipe buried in the test lining or, pre
ferably, by a jacket enclosing the whole. The test should be 
.somewhat deeper than for cupellation alone. For convenience in 
handling, the test frame is bedt mounted on jack screws, and a 
water-cooled breast should be provided. The jacket water should 
be run as hot as possible short of boiling, though for safety's sake 
it is well to allow some latitude, especially at night. The inner 
face of the water jacket is a copper plate. TIle advantage of, 
this is that, when the side lining is cut away (as it generally is 
in a very short time), the action of litharge on the copper plate is 
slight, and so long as the bottom is sound, there is no need to 
suspend operations. One other point is apparent-ease and simpli
city of construction. The breast is a simple casting of iron, 
gun-metal or copper, as illustrated in Hofman's" Lead." Copper is 
best, though most expensive, but gun-metal answers very well. 
Various mixtures are prescribed for the test filling; four are quoted 
as being satisfactory :-

Parts by volume. 
----> 

Limestone 7 4 8 4 
Cement :2 1 1 1 
Fireclay 1 1 1 1 
Magnesite 4 :2 

A filling of cement and sand also works well; it is mixed dry, 
moistened and gently rammed in as quickly as possible before the 
cement begins to set. The test is then filled with water, which is 
allowed to sink in and evaporate, after which the test is stored in a 
warm place to dry slowly. In dross smelting and concentration 
such a test will last about ten days working constantly. When 
used for refining only it will finish up to 50,000 ozs. of silver or 
dore bullion. 
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No particular trouble is taken to figure out a- -slag, it being -cori
sidered more economical to save fuefandflux, since the Jew hundred 
pounds of slag produced will probably have to go through the blast 
furnace in any case, and as it goes in as an extra on the blast furnace 
charge, it costs practically. nothing. But even when dealing with 
arl obstinate mixture of zinc, plumbago, chips, silica, and ashes, a 

. fairly -clean slag can be made with litharge only. The question of 
what slag to make is not to be settled off-hand. Local conditions 
are most often the deciding factor. The slag witb the lowest assay 
does not necessarily represent the best practice, and if a slag is not 
poor enough to throwaway, it is worth while -to consider the 
quantity made as well as its assay value. Generally, it pays best to· 
sell to a customs' smelter half the quantity at twice the value. In 
many cases it is better metallurgy to make, say, 500 Ibs. of 5 ozs. 
than 1000 Ibs. of 2-k oz. slag. When a blast furnace is part of 
the equipment the question loses a great deal of its importance. 
The slag has to be put through anyhow, and the direct saving in time 
fuel and labour may easily balance the interest 011 the gold locked up. 

·As regards the actual smelting, the proposition chiefly resolves 
itself into a consideration of the behaviour of zinc, whether as 
metal or -oxide. If as metal, very little is slagged-the balance 
alloys with the lead and goes on to the cupeI. As oxide it can be 
slagged pretty thoroughly and in reverberatory work a higher per
centage of zinc can be handled. In blast furnace slags 20 per cent. 
zinc oxide is exceptionally high, but 12 to 15 per cent. is not un
common. The viscosity of high zinc -slags increases their assay 
value by entangling shots of metal. It also favours a hard tap and 
the practice of "muscular metallurgy." A basic slag is most suit
able, and one with a good percentage of ferrous oxide is reliable and 
can generally be most easily obtained. Roasted pyrites concentrates 
(the cleaner the better) are a good flux, and their values are re
covered at the same time. 

The possible volatilisation of gold in the presence of zinc is 
pertinent to the cupellation of zincy bullion. it would appear that 
gold is not lost from volatilisation alone, but is carried off mechani
cally. There is a loss of both gold and silver in the fumes from a 
cupeI. No doubt, members engaged in this work have noticed a 
purple fume, which condenses on the outside of the cupel, particu
larly on the door; this fume, if assayed, will be found to contain 
both gold and silver. The amount los~ ir;, this way depends very 
largely on the care taken to keep the bath well covered with 
litharge. 
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MAY 1904] Use of Litharge 

A few words in conclusion on the handling of litharge: if it is 
required for the blast furnace, it is best 'in lump form, but" if, as is 
generally the· case, it- is to be used- for /the riext smelt, it may be 
worth while to granulate it as it flows from the spout. It is then 
obtained in a very convenient form for mixing or for spreading over 
the surface of the charge. 

The President-In rising to move a vote of thanks to Mr Pidding
ton, I think most of you will remember tbe amount of interest 
taken in the paper read before the Society by Mr Tavener 1 some 
time ago. Since than a good many of you have had occasion to. 
put that process into actual practice and I feel sure these notes 
which Mr Piddington has been good enough to send us will be of 
great assistance to us in working out the details of the process. I 
hope when this matter comes up for discussion those of you who. 
have not been favourably impressed with the process will not 
hesitate to state their views. I say this because I know there exists 
a certain amount of doubt as to the advantage of the Tavener 
process, which, I think, is probably more from lack of experience 
than a full acquaintance with its details. I also hope that those of 
you who have had experience of this process will bring up all 
matters of interest in connection with it, as it should produce dis
cussions as important as those on Zinc VeJ'SIIS Electrical precipita
tion 2 in the old days. 

DISCUSSION AT THE l\fAY MEETING, 1904 

Mr K. L. Graham-Our President, in his remarks subsequent to. 
the reading of M~ Piddington's paper, said that a certain amount of 
doubt existed as to the advantage of the Tavener process, probably 
arising from inexperience, etc. As the advantages, after nearly a 
year's working" at the Geldenhuis Deep Mine have been both 
apparent and material, I take the opportunity of putting the results 
before you, with the idea of assisting to dispel those doubts, if 
possible, and, in justice to a process which seems to me to be 
superior, both from a metallurgical and economic point of view, to. 
its predecessors. 

When Mr Tavener introduced his process to the Society, in 
October; 1902, he made certain claims for it, about which many of 
us were sceptical. 

Having been amongst the number of these, I feel lowe him an 

1 Proceedings of this Society, Vol. III., pp. 112-129.' 
2 Idem, Vol. L, pp. 254-267, 281-292, 296-323, 337-348. 
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apology, for, since then, I have been able to convince myself that 
everything he claimed for it, it has accomplished, and even more. 

In working costs alone it has amply justified its adoption, as the 
following figures will show. 

GELDENHUIS DEEP, LIMITED 

Reverberatory Pot Furnac~. 

Average monthly costs for six months 
ending June 1903. 

Coal 
Pots and liners 
Sulphuric acid 
Fluxes, etc., including 

borax, manganese, sili
cate of soda, bone-ash, 
nitre . 

£ s. d. 
16 10 0 
43 2 2 
84 14 6 

26 7 0 

£170 13 8 

Net saving per month . 

" 
annum. 

Tavener F7trnaces. 

Current monthly expenses. 

£ s. d. 
Coal 18 0 0 
Sulphuric acid 3 15 0 
Lead lost 9 9' 7 
Bone-ash 6 13 4 
Pearl-ash o 10 0 
Depreciation on working 

bottom 7 10 0 
-----

£ s. d. 
124 15 9 

1467 9 0 

£45 17 11 

It will be seen from these that a direct net saving of nearly 
£1500 a year has been made on the principal items of current 
consumption. Acid alone was costing us £1000 a year. This 
expenditure has now been reduced to a minimum, and it is optional 
whether or not it vanishes entirely from our cost sheets. Slags, 
instead of carrying 30 ozs. per ton, or more, after crushing and 
sluicing, DOW run about 15 dwts., and at some works, I believe, 
average considerably less, and can therefore be neglected. The 
saving nnder this head could quite legitimately be credited direct 
to the new process, although it is not included in the figures given. 
About 50 ozs. of gold per month were accumulated in slag from the 
old pot furnace. The loss incurred through selling to customs 
works averaged about 15s. per fine oz., or £37, lOs. a month. This per 
annum-and treating gold from liners in the same way-would bring 
the net saving close up to £2000 a year-a considerable sum, indeed, 
when reckoned on the life of a mine, such as the Geldenhuis Deep. 

Bye-products have disappeared from the works' records. Materials 
such as floor sweepings, old coir, press filter-cloths, sponges, gloves, 
etc., in fact, all those low-grade waste Ilfoducts which formerly 
were allowed to lie round the works for want of some means of 
realising them, can now be dealt with in this most up-to-date 
rubbish-bin. Accumulations of old battery screening, of which 
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MAY 1904] Construction of Smelting Furnace 365 

almost every mine on the Reef possesses a stock, can be kept well 
in hand. Moreover, we have the satisfaction of feeling that for 
every ounce recovered from these sources we are getting full value. 
No figures have been given for labour, as they prove to be about 
the same in both cases. Depreciation on the working bottom of 
the pan furnace has been allowed for, calculated on the cost of 
replacing same over a life of one year. In connection with this, I 
might mention that the furnace at our mine has been in use thirty 
times, and, judging from its present condition, will stand for at 
least another ten smelts. At the majority of works, where only 
two clean-ups a month are necessary, this would give a life of 
twenty months. Beyond a little stopping at the slag level, no 
repairs have been done on it whatever. Mr Piddington discusses 
the losses in absorption arising, primarily, from badly constructed 
bottoms. As losses, both real and imaginary, have taken place in 
some cases, this point will benefit by discussion. At our works 
the method of construction was as follows. 

A wooden mould was made, the size and shape of the working 
bottom, and placed in position in the pan. _ Into this a mixture of 5 
parts crushed assay crucibles, 1 pare cement, and 1 sand, was 
tamped. On this, when dry, the bricks were laid on end-for this 
part of the work Stourbridge only were used-sides and ends 
ground down perfectly smooth, being washed over with a solution 
of fireclay before being put finally into position, the greatest care 
being taken in the fitting. This" dry jointing" was continued to 
well above slag level. 

Where the sides joined, the bottom wedge-shaped bricks were 
put in with the object of bringing as much as possible of the weight 
of sides and arch to bear in keying in the bottom. This turned 
out perfectly satisfactory, our loss in absorption being phenomenally 
small. Where a thoroughly skilled and experienced bricklayer is 
employed on the building, there seems to be no reason why this 
result should not be more or less a certainty. 

Mr Piddington recommends the cupel type of furnace as being 
more suitable for smelting the class of material we have to deal 
with, any loss in absorption being easily recoverable. Where large 
quantities of gold slimes are being handled, the objections to this 
method would be serious; smelting operations would be enormously 
prolonged and proportionately more expensive, entailing consider
ably more labour. In large works, where three smelts a month 
are already necessary, this would be a consideration. 

The question as to whether or not it would repay us to use 
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water-cooled tests for. refining remain~ open. I am inclined to 
think it would not. Difficulty was at first experienced in turning 
out reliable tests, chiefly owing to two causes-inferior and 
unsuitable bone-ash and inexperience as to the best methods of 
manufacture. These troubles,' however, have been got over, and I 
believe I am within the mark when I say that the majority of bone
ash tests in use at the present time last at least three cupellations. 
Such a test costs-material and labour included-about £8. 
Mixtures of cement and crushed liners or fire bricks, in the propor
tion of two to one, as recommended by Hoffman, the bricks and 
liners crushed to pass through about a 10-mesh sieve, have been 
used with fairly satisfactory results here. The sides and bottom 
{)f the cavity stood well, showing only superficial cracks on cooling. 
As would be expected, the breast and gates unprotected by any 
{)ooling arrangement suffered severely from the corrosive action of 
the litharge. Owing, however to the .low cost of material and 
labour, viz., 30s. to £2, it is probable that similar mixtures will, to 
a great extent, supplant the more expensive bone-ash, even suppos
ing the test to last one cupellation only. By using set-screws, 
working through the traverse bars, which support a ~ in. iron plate 
2,bout 2 ft. square, on which the test-ring rests, the latter can be 
raised or lowered at will, thus greatly facilitating the work. The 
hitherto, hot and laborious task of cutting the litharge channels can 
be done before the test is put into position. Cleaning off becomes 
merely a, matter of raising or lowering the back or front by means 
-of the screws, as may be required, to get rid of the final litharge. 
A I! in. angle-iron, the shape of the test-ring, bolted to the under 
side of the compass-plate, prevents any undue access of cold air to 
the hearth during this operation. 

In regard to litharge, granulation seems unnecessary, as there 
would be little or. no saving in labour, besides which frequent 
{)hanging of pots is often necessary and convenient; a few blows 
with a hammer and chisel, after it has been turned out to cool, 
breaks it up to lumps suitable for the ball mill. When crushed in 
this manner, thoroughly reliable samples can be obtained. 

Mr Piddington's paper has given those of us who have had 
practical experience of the Tavener process the opportunity of 
furthering the adoption of what is, perhaps, the most important 
improvement, from a' metallurgical point ,Of view, that has taken 
place in our local practice for a number of years. 

Discussion, I am sure, is all that is necessary to bring about its 
general adoption. 
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Mr D.V~ Burnett-Mr Piddington's valuable paper will" no 
doubt, create considerable discussion, as many of us are now better 
able to discuss" Lead Smelting and CupellatiQn" than at the time 
when Mr Tavener published his process. 

Mr Piddington says, "smelting resolves itself into, a consideration 
Df the behaviour of zinc." I think we must all agree ,with him, but 
I hear from many of the mines that the zinc is all being dissolved in 
sulphuric acid before smelting. 

When Mr Tavener's process was adopted, I understood that the 
advantages claimed were as follows, viz ;-

1. Doing away with acid treatment. 
2. Higher extraction obtained by not handling during acid 

treatment. 
3. Saving of cost of acid treatment. 
4. No bye-products. 
It seems that the object of dissolving the zinc is to preserve the 

furnace bottom, but I think the furnace should be made to suit the 
zinc-not the slimes to suit the furnace. 

Acid treatment costs about 4d. per fine oz. of gold, and I do not 
think that Mr Tavener's process should be charged with this 
amount, as it is not necessary. 

I have been using the process for a year, and have not used 1 lb. 
of acid for dissolving zinc. There has been trouble with the brick 
bottom, but this, I hope, will be rectified with the installation of a 
clay bed to the furnace in place of bricks. 

The bye-product, "slag," is, indeed, not worth considering for 
the present, and I entirely agree with Mr Tavener that there are 
no "bye-products," but it may be that, as "slags!' get older, they 
will collect zinc and will not remain at the low standard now 
obtained. I frequently have" slag" assays of 4 dwts. 

It seems necessary to, add iron in the shape of tins up to 10 per 
cent. of the charge ,yeight, 1,0 get these slags low. Tins are prefer
able to battery screens and iron shavings, as they do not oxidise so 
quickly, nor do they collect into a ball, as shavings do. 

Cupellation after a little practice, is very easy to perform, 
especially when the test ,is sound. 

I find that 430 Ibs. bone-ash (t, 30 mesh; t, 80 mesh), 42 Ibs. 
water, 141bs. caustic potash, if carefully tamped, gives a splendid test. 

Litharge, if kept at a medium temperature on the bath, runs 
best. The bullion should not be over 7'5 per cent., otherwise bits 
break from the feed and drop into the bath, causing a ripple over 
the gate. 
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3000 ozs. of bullion may be fed hourly, but I cannot exceed this 
without causing the litharge to increase in value. 

Litharge is usually about 3 to 5 ozs. per ton. 
I shall be interested to hear if others are troubled with copper

lead matte, after the last of the litharge is blown off. 
Frequently, of late, I have had a considerable amount of this 

matte, which can only be separated from the gold when smelted in 
the crucible; a trace of nickel is observed as well., 

This matter will, in the future, be the only bye-product, I think. 
To my mind, there is no comparison between the lead smelting 

and the pot smelting, but I deprecate the use of acid.. When used, 
it depreciates the value and saving in Mr Tavener's valuable process. 

I may mention that I have not seen any effects injurious to the 
health of those employed, but, for safety, I generally use a 
respirator when fluxing. 

Mr G. Melvill-Our President, in his remarks on Mr Pidding
ton's paper, expressed a wish that those who are interested in the 
Tavener lead process will not hesitate to state their views, so 
I am taking the opportunity of making a few remarks on the 
subject. 

At the Henry Nourse Mine I have been using the lead process 
for the last nine months, and though I am not very favourably 
impressed, I do not exactly condemn it, as I consider there are still 
a good many improvements to be made before we can consider it 
perfection. Our first furnace was, unfortuna.tely, built during 
heavy rains, and got soaked with water, so turned out a failure, as 
the bottom only lasted two months, and then had to be rebuilt. 
My results from these two months were not very satisfactory, and, 
after breaking up the furnace, we recovered about 300 ozs. gold. 
As a teflt on one smelt, I mixed up all the gold slimes-llOO Ibs. 
-thoroughly and made a practical assay by smelting 100 Ibs. of it 
in the old crucible style, with borax, silicate of soda, and nitre, and, 
according to tbis, I was 100 ozs. fine gold short on the 1000 Ibs. of 
slimes smelted by the lead process. This test Was made after I 
had used the furnace four times. 

When the furnace was rebuilt, I kept an accurate account of 
.everything, some of the results of which I give below. 

The slimes were thoroughly mixed, and assay and moisture 
samples taken for each charge. In referring to the figures above, 
you will see that in October I was 100,o'zs. fine gold short on the 
assay value on the slimes; November, 267 ozs. short; Decerriber, 
196 ozs. short; January, 13'2 ozs. over; February, 84'86 ozs. short. 
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Fine Gold Fine Gold Fine Gold Actual 
Difference Per. Per. Per. 

Months. 
Dry due from called for recovered Difference 

on Assay centage cen tage centage Slimes. Slimes. in Lead. from Lead. on Cupel. of Slimes. of Le.ad of Lead of Lead latlon. lo;!~n lost in lost in 

1903. QZS. ozs, OZS. OZ8. ozs, ozs, Furnace. Cupel. Smelt. 

--- --- ------ ------__ 1 ____ -
Minus Minus 

October 15,338 879'00 816'00 779'04 37'00 100'00 42'7 18'8 47'0 
Plus 

November. 25,996 2,701'00 2,419'10 2,423'80 4'80 267'00 30'2 14'5 40'3 
Minus 

December. 25,617 2,032'30 1,935'00 1,836'00 99'00 196'00 31'4 12'7 40'2 
Plus 

January 18,560 1,922'70 1,980'67 1,935'92 44'75 13'20 20'2 21-1 37'0 
Minus 

February 10,322 1,267'48 1,260'47 1,182'62 77'85 84'86 36'6 9-1 42'4 

Fivemonths 95,833 ~~~~~~I~-=-i 
Thus, on the five months' run, I was 634'66 ozs. short. of the assay 
value of the gold slimes. The loss of lead for the same period was 
3955 Ibs., or 41'4 per cent. 

On going through my returns for the five months, I find that, 
according to assays, my theoretical extraction is 83'878 per cent., 
and actual extraction 81'091 per cent., or a shortage of 611'7 ozs. 
Now, I do not mean to insinuate that this whole amount is locked 
up in the furnacf>, but a large proportion is, on which we are losing 
interest. 

The lead process has its advantages, too, the chief of which is 
that all the old slags, very poor waste box slimes, sweeping, etc., 
can be smelted in it. The cost of running the furnace, too, is less 
than the pot smelt, provided the bottom lasts, say, not less than 
eight months. By next meeting I hope to be able to give the com
parative costs of the lead and pot smelt process for a six months' 
run. 

Mr Piddington's remarks about having a removable bottom for 
the pan furnace would certainly be a great advantage, as a spare 
bottom could always be kept on hand, so that when one gives in, 
there is no time lost in rebuilding a new one, as with the fixed 
bottom the arch and sides have to be rebuilt as well. 

Mr D. V. Burnett-I would like to know from Mr Melvill how 
he finds the value of his gold slimes when he puts them into the 
furnace. So far I have been unable to find out, or get the value of 
the gold slimes. 

Mr G. lYlelvill-I have not got them here, but they go from 8 
per cent. to 13 per cent. 

2A 
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The President-I think Mr Burnett ·waIi"tsto knc)\v wnat method· 
of sampling the slimes is adopted. . 

Mr G. Melvill-The way I do is this. I may say I am using 
sulphuric acid, and I find I get better results. I get all my slimes 
on_ the floor and turn them over five or six times. It is then spread 
out all over the floor, and I then take the sample rod to obtain 
my sample. I admit I cannot get a very accurate sample, 
which is difficult to get, and I am only going by results so 
obtained. I do not say ·that you can absolutely rely upon this 
sample, but. I do it as carefully as possible, and that is all I ca)1 do. 

The President-The point Mr Burnett brought out in his con
tribution, namely, the difficuly he had with the matte, also occ·urred 
on the Glen Deep. I should be glad if Mr Hamilton would give us 
his experiences in regard to it. . 

Mr W. Hamilton-I easily overcame that trouble by a simple 
addition of iron to the molten metal. I went on adding iron and 
skimmed it off until there was no further trace of it. 

Mr G. Melvill-If you let your furnace cool right down and not 
tap the lead before the furnace is cooled, the matte sticks on .top, 
and by so doing, I have no trouble with it. 

Mr D. V. Burnett-The lead matte I refer to, was after the 
litharge has been cleaned off. This matte appears on top of the 
gold, and it is impossible to blow it off. 

Mr P. S. Tavener-Mr Melvill stated that he kept an accurate 
account of his work for five months, and gives detailed returns 
showing his results. From figures supplied, Mr Melvill has formed 
a decided opinion. 

In reply to Mr Burnett, Mr Melvill confesses that his method of 
sampling his clean-up was not altogether reliable. 

Going closely into Mr Melvill's figures, I am at a loss to see how 
he could have arrived at his conclusions, and taking into considera
tion the contradictory evidence shown in the different smelts, I am 
mystified as to how Mr Melvill carne to any conclusion at all. In 
the first place, nothing can justify the method by which Mr Melvill 
arri ves at his difference of 634 ozs. This difference is both incorrect 
and misleading. 

Anyone familiar with the process will at once acknowledge that, 
for comparison, to take results of assay contents of clean-up against 
gold actually recovered from the cnpellatioll furnace is absurd. The 
process consists of two distinct and different operations-first, to 
reduce the gold contents of the clean-up to lead bullion; second, 
to cupel the lead bullion. 
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:lIIAY 1904] Shortag-es in Taveney Process 37 1 

It is possible, by several reasons, such as inexperience, accident, 
faulty test, etc., to have 1000 ozs. of gold in the lead bullion and 
yet only recover 500 ozs. The remainder may be in the litharge, 
but whatever the reason of. the non-recovery, it has no bearing on 
the first operation. 

There is no necessity for me to remind many of you here that 
the sample of lead bullion taken from the smelting furnace is reliable. 0 

For the benefit of those who are not familiar with the process, I 
will explain how the sample is obtained. After all the slag has 
been drawn off and the surface of the lead bath left clean, the 
molten lead is well stirred, a dip sample is taken and at once 
granulated; such a sample gives extremely accurate results. No 
better evidence of this fact is wanted than that reduction works the 
world over will accept and pay 100 per cent. of gold contents on 
such a sample. 

From experience with this and also the Siemens process, I can 
state that with a careful and a clean cupellation a small plus 
recovery occurs more often than a shortage. In cupelling a total 
of 24,248 ozs. fine gold, I find I am 89 ozs. below assay value of 
lead bullion. This represents ten months' work and about 30 tons 
lead bullion. Against this small difference I have taken into con
sideration any gold contained in the litharge, or gold in test 
bottoms, which, without doubt, would more than equal the 89 ozs. 
shortage. 

The above is actual assay value of lead bullion and actual gold 
recovered and banked. 

When shortages do occur, the man at the cupellation furnace, if 
he knows his business, will be aware of it, and will know where to 
look for it j in any case, he would not call it a loss. 

There are several ways by which shortages occur-by metal 
escaping over the litharge channel, caused by feeding too fast; by 
lead bars slipping and plunging into the molten bath, and so causing 
waves that overflow litharge level; and by a faulty test leaking 
below litharge level and filtering through breast of test into the 
litharge gate and so into the litharge pot. With experience, one 
can easily detect metal, and should such an accident occur, the 
metal contained in the pot can be fed back easily into the 
furnace. 

But whatever the gold contents of the litharge it is certainly not 
a loss, for the litharge is used over and over again, and in the next 
smelt any gold contents would be recovered in the lead bullion. 
ln the second case gold can be retained in the test, especially in 
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one used before, in which there are cracks in the bottom; gold fills 
up these spaces, and when the bulk of the gold is removed from 
the test, these films break and remain, but they are easily recovered 
when the test is finished. 

If we take Mr Melvill's results for his first two months, October 
and November: In October he shows a shortage on cupellation of 
37 ozs., but in November he gets a plus recovery of 4'8 OZB. 

If we presume the conditions to be alike in both cases, and con
sidering that Mr Melvill treats the minus differences as actual 
losses, how does he explain that, under the same circumstances, in 
cupelling 779 ozs. he loses 37 ozs., and yet next month, cupelJing 
2423 ozs., he gains 4'8 ozs.1 

There are only two ways of explanation, either Mr Melvill did 
better work in November than he did in October, or his sample 
was wrong. I shall take it for granted, for reasons stated above, 
that his lead bullion samples were correct. Regarding the shortage 
in October of 37 ozs., I see nothing remarkable, or any reason to 
consider such a result due to indifferent work. On the other hand 
such a result might occur with the most experienced. 

Suppose we account for this difference, by metal passing off with 
the litharge. If the lead bullion were 8 per cent. on starting, it 
would only require 500 ozs. of such lead to account for this difference 
but as the cupellation proceeds, the metal bath becomes richer, and 
towards the finish, presuming the bath to carry 90 per cent. gold, 
an accident at this stage would only need the escape of 40 ozs. to 
account for the 37 ozs. gold. It is at the finish of the operation 
that these accidents are most likely to occur, for the gate is then 
being cut down to allow the last litharge to escape, and at this 
time the furnace is run at highest temperature, and it is not an 
easy matter, under these conditions, to at all times see exactly what 
is happening inside the furnace. 

The point I wish to arrive at is, that these shortages are not 
losses, for nothing is lost so long as you know where to find it and 
how to recover it, and it is here that I differ with Mr Melvill, and 
again say that there is no justification or reason for Mr Melvill to take 
the assay value of his clean-up, for comparison with the gold actually 
recovered from the cupellation furnace. As I have stated before, 
the sample of lead bullion taken from the smelting furnace gives an 
accurate result as to the gold contents o~ the lead bullion, and I 
wish to take this for granted in dealing with Mr Melvill's results 
from the smelting furnace. 

Doing so, we find the following results :-
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On basis of gold contents of clean- Mr Melvill's up and gold contents of lead calculation. bullion. 

Oct. - 63 ozs. = 7·10 per cent. - 100 ozs. 
Nov. - 282 ozs. = 10·40 per cent. - 267 ozs. 
Dec. - 97 ozs. = 4·70 per cent. -1960zs. 
Jan. + 58 ozs. = 3'00 per cent. + 13 ozs. 
Feb. 7 ozs. = 0·55 per cent. - 840zs. 

If, for argument., we leave out January, the only plus against four 
minus, and take the four months showing minus differences, we find 
a total shortage of 449 ozs. If we include January, we get a total 
shortage of 391 ozs. Mr Melvill, by including cupellation differences, 
claims a minus difference of 634 ozs. 

I am unable to understand how Mr Melvill could have allowed 
himself to base his calculations upon these differences, for Mr 
Melvill must be well aware that he can sell his lead bullion on the 
assay value; for instance, in February he shows a shortage of 77 
ozs. Had Mr Melvill sold his lead bullion, he would have been 
paid on 1260 ozs.; he recovered 1182 ozs., so that by selling he 
could have recovered 77 ozs. more. 

These facts must be well known to Mr Melvill, and it is for this 
reason that I protest so strongly against his using-what would be 
to many who are not closely interested or familiar with the work
ing of the lead smelting method-very misleading figures. 

Referring back to the shortage of 449 ozs. for four months, or 
.391 ozs. for five months; at first sight all of us using this method 
might feel uneasy, and perhaps think Mr Melvill had discovered 
that we were all of us very much asleep, and were using a 
process that he had proved to be responsible for heavy smelting 
losses. Looking into the results month by month we would 
naturally expect to find some consistency in the differences, that is, 
if the differences were due to the method of smelting, for we must 
take for granted in considering comparative results of this kind 
that the conditions are, in each smelt, alike, and that there is the 
same care in handling, smelting and sampling in each case. By 
taking each smelt separately, this is what we find; in November 
there is a loss of 10 per cent., but in February the loss is only 0·5 
per cent., and I, as a user of this process, at once came to the 
eonclusion-there is no need to disturb my peace of mind; and, on 
further inquiry, I find in January that there is a plus recovery of 
3 per cent. My peace of mind would be disturbed if I had to 
~xplain the problem how in one month I lost 10 per cent. of my 
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gold, and yet three months later I only lost 0'5 per cent., and 
again two months later I gained 3 per cent., after having lost 10· 
per cent. under the same conditions. 

It will interest me to hear Mr Melvill's explanation as tci how he 
came' to any conclusions on such results. I have no hesitation in 
saying that they are worthless and that it is impossible' to draw 
any conclusions from them. 

In my mind I have no doubt as to the cause of Mr MelvilI 
finding such wide differences in his results; the fault is in the 
method of sampling the clean-up. Mr Melvill explained that he 
turned his whole clean-up out on the floor, and, after turning it 
over a few times, he took a " grab" sample from different places in 
the heap. Is this any method a.t all to sample a big bulk of varying 
value, from 30 per cent. to 1 per cent., material varying from slime 
to fine zinc, and to coarse zinc 7 

In answer I will give you particulars of a clean-up I sampled for 
a similar purpose, and I call your attention, in the second table, to· 
the number of different grades and valueR. 

It will be seen t,hat I kept separate the slimes and classified 
them as rich, medium, and poor, the zinc was sieved as coarse and 
fine. 

The first table has a double interest, as the entire clean-up (clean
up, only strong boxes included in this) wa~ halved for the purpose 
of smelting, one half by the lead and the other by the crucible 
method. Each lot. was passed through sieves several times to 
ensure as thorough a mixing as possible, and then quartered down,. 
two quarters were mixed and again quartered as before j this was 
continued till only a few pounds remained to be halved and 
sampled. To sample such a parcel by this means is a long day's 
work. It' is interesting to notice that the different portions, 
although so thoroughly mixed, gave slight differences both in assay 
and moisture, but the total gold contents by assay cume remarkably 
close. 

These are samples of many trials made before I had the pleasure 
of bringing the lead process of smelting to your notice, and from 
results obtained, came to the conclusion that by this method 'a 
fairly accurate estimate of the gold contents of a clean-up could be 
obtained. A study of the figures in Table No. II. will, I think, 
show how impossible it is to get a reliable sample by turning out 
all these different grade products into one heap and taking a few 
samples here and there. The same objection can be taken to Mr
Melvill's trial, where he ran down 100 Ibs. in crucibles. 
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MAY ~904l Sample and Assay of a Clean-up 

Lot No, 

---
1. 

II. 
III, 
IV, 
V, 

Lot No, 

I. 
II. 

III. 
IV, 
V, 

Lot No, 

TABLE I 

CLEAN -UP OF -STRONG BOXES 

Ha~f A 

Wet Moisture 
Assay 

Weight in Value, 

Tloy ozs. per cent. Per cent. 
Fine Gold, 

----
Fine zinc which ,1,225 33'1 9'3 

could not be -1,181 33'6 9'3 
pumped into filter 1,230 33'5 9'3 
press, 1,041 31'4 9'3 

Slimes froni press 3,501 70'5 12'0 

Hal;f 13 

I Wet 
Assay 

' Weight in Moisture Value, 
per C~Dt. PH cent. 

Tr~y ozs. FineGold, 

Dry 
Weight in 
Tl'{lY OZS. 

----
819 
784 
817 
714 

1,032 

Dry 
Weight in 
Troy ozs. 

-------- ----
Fine zinc which 1,225 34'4 

could not be 1,181 33'5 
pumped into filter 1,230 32'9 
press, 1,041 32'7 

Slimes from press 3,,50l 70'5 

TABLE II 

Description. 

9'6 
9'6 
9'6 
9'6 

11'7 

803 
785 
825 
701 

1,032 

Weight in 
Troy OZS. 

375 

Fine Gold 
Content., 

---
76'1 
72'9 
75'9 
66'4 

123'8 

415'1 

Fine Gold 
Contents, 

---
77'0 
75'3 
79'2 
67'2 

120'7 

419'4 

Assay Value, 
Pel' cent.. 

Fine Gold, 

--- ------------------ --------

I. 
II. 

III. 
IV. 
V. 

VI. 
VII. 

VIII. 
IX, 
X. 

Xl. 
XII, 

XIII. 

Pressed slime, from slimes box No: 11-
Fine zinc " " " 
Coarse zinc " " " 
Fine zinc " " 
Pressed slime" " N~: III. 
-Washings from zinc of "aste box 
];'hie zinc from medium box 
Pressed slime " " 
Fine zinc from 5trong boxes 
Ooarse ~inc 
Pressed slime " 
Fine zinc 
Pressed slime " 

1,149 
2,330 

940 
1,972 
1,143 
3,236 
2,037 

683 
4,272 
3,985 
1,719 
9,452 

581 

2'90 
1'60 
2'98 
1'31 
2'70 
1'00 
5'90 
8'30 
7'60 
6'50 

16'40 
5'50 

16'80 
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Did the 100 Ibs. Mr Melvill ran down in crucibles fairly 
represent the gold contents of the bulk 1 Certainly his figures go 
to prove otherwise. 

I have covered a lot of ground which, by right, should have been" 
left to Mr Piddington, my excuse for doing so is that Mr Melvill's 
statement was a personal challenge to myself. I hope Mr Piddington 
will give us his opinion as to cupellation shortages. I believe it is 
an accepted fact among metallurgists that there is no loss due 
to cupellation, in a commercial sense. I have no doubt there is a 
loss, but so small a one that it can only be termed a scientific one. 

Many of you will have heard this tale before. I do not vouch 
for the truth of it. The Bank of England, for curiosity, had made 
a specially constructed padded and velvet-lined box, and placed in 
this a bar of gold, very carefully weighed. The box was dispatched 
to Germany and there opened and the gold bar weighed, a loss 
being registered. The box was repacked and returned to the Bank 
of England, where the bar was again weighed. The loss was 
repeated exactly on the return voyage. According to this, if the bar 
were continually sent the j(JUrney, the day would arTive when no bar of 
gold Temained. No calculations were made as to the time required 
for this disappearance. Cupellation losses are similar. 

There is one point on which I should like to hear Mr Piddington's 
views. Until quite lately we have been using brick bottoms to our 
smelting furnaces, and in some cases much trouble and expense has 
-occurred . 

. We have not had much experience in building furnaces, and 
skilled men accustomed to this work are few in the country, and it 
may be partly due to this cause that we have in some cases met 
trouble. 

I am of opinion that Mr J. R. Williams has introducd a means 
that will overcome our difficulties, that is, to build bras que bottoms. 
The cost is trifling compared to brick, requires no special skilled 
labour, and has the immense advantage of being repaired at trifling 
cost and little time, without disturbing the rest of the furnace. I 
am very confident that this will reduce furnace bottom absorptions 
:and leave us with only a trifling amount locked up in the furnace 
bottom. Mr Piddington's experience and opinions on this would 
be valuable. 

DISCUSSION AT JUNE MEETING, 1904 

Mr G. Melvill-My few notes on the discussion of Mr Pidding
ton's paper seem to have ruffled Mr Tavener considerably. He 
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JUNE }904] Method of Sampling Clean-up Slimes 377 

mentions that my statement was a personal challenge to him. Now 
I may state that my intentions were nothing of the kind, as I 
simply gave my results, which I still consider correct, on the five 
months' run of my furnace. 

Mr Tavener bases most of his remarks on the unreliability of my 
sampling. Now, though I admit it is almost impossible to get an 
absolutely reliable sample of gold slimes, I must say that my 
method (not as Mr Tavener explains it) is as near as possible. For 
the benefit of Mr Tavener, I will explain my method of sampling. 
The clean-up slimes, after being treated in sulphuric acid· are 
pumped into the filter press, washed, and partially dried. The 
whole lot, which contains no zinc, is then passed through a i-in. 
mesh sieve, thoroughly mixed by turning it over five or six times, . 
and then spread evenly over the floor to a depth of about 2 ins. 
A large sample is taken from this with a sampling rod and quartered 
down. Considering'that there is no zinc in my slimes, it is quite as 
reliable, if not more so, than Mr Tavener's method. 

With reference to my figures, NIr Tavener misunderstood me. I 
never meant the shortages to represent actual loss of gold, as most 
of it, at any rate, is only locked up in the furnace bed and would 
be recovered when the bed was broken up. 

I consider that I am quite justified in taking the assay value of a 
dean-up, for comparison with the gold recovered from cupellation 
on a five months' run, because, if there is a certain amount of gold 
in the slimes, it does not matter how many processes of smelting 
it goes through, that amount of gold would finally be recovered, 
provided there was no absorption or loss of gold during the process. 

I am aware that reduction works will pay 100 per cent, of the 
gold contents of a lead bullion sample, provided the lead has been 
thoroughly· cleaned before sampling, but I very much doubt if they 
will pay 100 per cent, 'on lead containing sulphides and other im
purities, as is often the case when not sufficient iron is used in the 
flux, 

My "contradictory evidence" on the different smelts that Mr 
Tavener is mystified at is easily accounted for by (1) absorption in 
furnace bottom (2) dift'erence in value of lead left in furnace after 
each smelt, (3) amount of gold in last pot that is re-smelted, (4) 
addition of old test and other scraps to charge. 

Referring to Mr Tavener's remarks on my cupellation results for 
October and November, I may point out that some tests absorb 
more gold than others, or scraps from an old cupel might be added 
to the next cupellation, which was the case with my November 
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cupellatiort. It is no use taking the result on a one or two months' 
cupellatibri, unless the cupels are broken up each time and all the· 
gold recovered from them. . 

Mr Tavener seem to think that I am .trying to condemn the lead 
process, but my figures do not warrant that, for, as he kno,ys him
self, the furnace bottom retains anything from 200 to 700 ozs. fine 
goid, so that it is quite possible that my shortage on the assay of 
slimes is locked up in the furnace. 

At the Henry Nourse Mine the working costs of the lead process, 
taking a six months' run, came out £30 a month cheaper than the 
pot smelt. 

I notice that Mr Burnett remarks that his slags frequently assay 
only 4 dwts. It would interest me to know when and how he 
samples his slag and what his last two or three pots assay, as, so far, 
I have not been able to get my average slag sample less than 15 
dwts. Sometimes it goes as high as 3 or 4 ozs. All slag assaying 
over 2 ozs. I put on one side to be resmelted again. If Mr Burnett's 
slag goes as low as 4 d wts., he is doing very much better work than 
anybody else, or his sample is not a representative one. 

It would be interesting to heal' Mr Caldecott's views on the 
Tavener process, as I believe he is cOllnected with a couple of mines 
which are using it. 

REPLY TO DISCUSSION 

Mr F. L. Piddington-In reading the remarks of those members 
who took part in the discussion on my paper, or, rather, on the 
,Tavener process, I have been chiefly struck by the almost 
unanimous admission of heavy gold shortages due to furnace 
absorption. As anything I have to say on this matter has a 
general bearing, I will first consider the other points raised by 
yarious speakers. 

Mr Graham puts forward an interesting cost sheet, which should 
convince the most sceptical of the economic advantages of the 
process. Apparently, he also finds the technical advantages equally 
marked. His objection to the use of a cupel for smelting, gains 
fOl'ce from his experience of furnace bottoms. But in those cases 
where the bottom has not been notorious for long life, the extra 
time and labour in smelting would be fully compensated for by the 
reduction in the" furnace repairs" bill and the smaller" lock up." 
The use of a water-cooled cupel for refining would certainly add to 
one's troubles. 
. ,\Vith Mr Burnett's view that acid is unnecessary, I quite agree,. 
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but I certainly was not aware that the object of dissolving zinc was 
to preserve the furnace bottom. A little thought will convince 
anyone that long before the zinc can do any damage the bottom is 
covered with molten lead, which, per se, has no corrosive action. 

Messrs Melvill and Tavener have threshed out their differences so 
thoroughly that there is nothing left for the onlooker to object to, 
though he may wonder why Mr Melvill set up so many lay figures, 
only to have them knocked down for the reasons he himself gives. 
These men of straw; however, called forth some interesting criticism 
and data from Mr Tavenel', and so served a useful purpose. The 
only positive loss in cupellation I know of occurs through fumes. 
Shortages may and do occur through any or all of the causes 
mentioned by Mr Tavener. The fume loss is not heavy, and in 
some large establishments is lessened by filtering, 

Furnace absorption has' reached serious proportions when a 
" lock-up" of gold up to 700 ozs. is admitted, and in such cases 
re-building and repairs to furnaces must be responsible for a 
large share of the cost of the process. There will always be some 
shortage due to absorption, but it should not be so great as to 
necessitate a new bottom every two or three months, and a hearth 
should not" float up" in the same time. It is difficult to build a 
satisfactory bottom without a mason experienced in this special 
line, the average mason being much too fond of his trowel to make 
a good job of this particular work. I believe that faulty construc
tion is largely responsible for this absorption, and Mr Graham's 
experience bears out this view. A possible cause may sometimes 
be found in neglecting to slacken and t.ighten the tie rods as the 
furnace warms up or cools down. If a crack is once started, lead 
will soon do the rest. 'I have had no experience ot a smelting 
hearth such as Mr Tavener mentions, but I should think that the 
shrinkage of this bottom from the sides and ends of the furnace 
would be a source of weakness. 

I have had no personal experience of lead poisoning in l'efillery 
works, though it is common enough among men emllloyed on blast 
furuaces. 

The President-Gentlemen, I think that this paper by Mr 
Piddington illustrates very well the matter I happened to touch upon 
in the course of the address just read, namely, the advantage 
the Society derives from its cosmopolitan membership. nir 
Piddington has had considerable experience III Australia, and we 
are fortunate enought to benefit by it. 
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XV 

NOTES ON THE LIMITATIONS OF THE CYANIDE PROCESS 

By H. T. DURANT, F.C.S., M.I.M.M. 

(Read at the December Meeting, 1903) 

SPEAKING very generally it may be stated that it has almost become 
an axiom that the surface equipment of a gold or gold-silver mine 
is not complete without a cyanide plant. 

This is no doubt, in part, due to the success attending the 
Witwatersrand plants, and these have been extensively copied in 
various places, where sometimes at least local conditions and the 
varying natures of the ores hardly permit such, or any, cyanide 
plants to be profitable. 

It may be very broadly stated that ores, which are amenable to 
any method of cyanide treatment fall naturally into two classes :

(1) Those in which the gold is carried mainly in the mineralised 
portion of the ore. 

(2) Those in which the gold is carried free in quartz or other 
gangue. 

The first class includes all ores·in which payable values are 
carried in iron, copper, or arsenical pyrites, tellurides, etc., or the 
oxidisation products of onf'. or more of these minerals, and this 
class permits of a wide range of treatment, varying according to 
special circumstances. 

There may also be ores intermediate between these two classes, 
such as the ·Witwatersrand ores. 

It is, however, principally with ores of the second class that the 
few remarks in these notes deal. 

There are, in Rhodesia, several properties in which the ore is a 
fairly clean quartz, very slightly mineralised, the mineralised portion 
being poor in values and representing considerably less than 1 per 
cent. by weight of the ore. 

Such ores when milled yield· values to the plates which are 
proportional to the fineness of the product from the mill. 

If the gold in the ore is fairly coarse the values in the mill 
tailings are usually such that, after milling with, say, a 700 screen, 
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DEC. 1903] Gold in the Tailings 

apparently the mill tailings might at first sight be neglected as 
regards further treatment, at least on small propositions. 

On the other hand, if the gold is very fine even by increasing the 
battery screen up to even 1600, the tailings will still be found to 
be a valuable asset. 

But whatever values may be in the tailings, it is fQund that the 
values extracted by cyanide are such as would in all cases entail an 
unsatisfactory residue, and in most cases would mean that the 
cyanide plant would be run at a very small profit, and this would 
be especially the case on small properties, where the working 
expenses per ton would naturally be relatively high. 

There is fairly conclusive evidence that the unsatisfactory 
extractions by cyanide mentioned above are due to the fact that. 
the major portion of the gold passing the plates is locked up in the 
gangue, and therefore not accessible to cyanide solutions, or con
versely, that when the ore is crushed fine enough to expose or free 
the gold that very nearly all the values are caught on the plates; 
in other words, such ores are free milling propositions in the fullest 
sense of the term. 

The following tables show the results of actual work at the mill 
of the Guinea Fowl Mine; these results were obtained, for confir
matory purposes, soon after the starting of the mill, practically 
identical results having been obtained experimentally before the 
starting of the mill :-

TABLE I 
WET CLASSIFICATION OF TAILINGS FROM GUINEA FOWL MILL 

Per- Assay value 
Representing 

Size of material. dwts. fine 
centage. dwts. fine gold per ton 

gold per ton. of tailings. 

Staying on 3600 screen (square 
measure) 22'5 11'00 2'475 

Passing 3600 screen (square 
measure), staying on 6400 
screen (square measure) 12'0 6'00 0'720 

Passing 6400 screen (square 
measure) 65'5' 1'50 0'982 

Assay value of tailings by calculations from COll-

stituents 4'177 dwts. 
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The tailings under consideration in the preceding table, when 
assayed as.a whole, were found to carry 4 dwts. of fine gold per 
ton (short). 

It is seen that while slightly over 4 dwts. of fine gold are in each 
ton of tailings, that 3'195 dwts., or nearly 80 per cent. of t.he total 
values, are carried in less than 35 per cent. of the total tonnage. 

In other words, it is iu this case merely necessary to take out by 
any simple sizing arran~ement that portion Qf the tailings wjlich 
fails to pass a 6400 square measure screen, and one will theu·have 
·obtained from each 100 tons of 4 dwt. tailings 34·5 tons of tailings 
giving 9'2 dwts. fine gold per ton, leaving G5·5 tons of tailings 
carrying 1'5 dwts. gold per ton, and these are more or less valueless 
.according to local conditions. 

The table below shows wet classification of tailings from another 
mill. The tailings, though very low in value, still well illustrate 
the values of the various sizes iu the mill product. 

TABLE rr 

Size and description Per- Assay value Representing 
dwts. fine 

of material. eentage. d"ts. fine gold per ton gold per ton. of tailings. 

Finer concentrates panned from 
portion of tailing passing 
2500 screen (square measure) 4'13 4'00 0'165 

Coarse sand (including coarser 
concentrates) staying on 2500 
screen (square· measure) 25'90 2'80 0'725 

Fine sands and slimes passing 
2500 screen (square measure) 69'80 . 0'85 0'594 

Experimental error. 0'17 

Assay value of tailings by calculation from cou-
stituents 1'484 dwts. 

,. 

NOTES ON TABLE n.-These tailings, assaying practically 1'50 
~ dwts. fine gold per tOll, are seen to carry 0'89 dwt. or 60 per cent. 
of their total values in 30 per cent. of their total tonnage; that is 
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DEC. 1903] Fineness of Crushing and Cyanide Process 383 

to say, that every 100 tons of 1'5 dwts. tailings will yield 30 tons 
tailings, assaying slightly less than 3 d wts. pel' ton. 

It has been stated before that the total tailings mentioned 
either in Table 1. or Table II. or any of the constituents of either 
tailings, yield unsatisfactory extraction by cyanide, similarly it has 
been proved that any of the constituents on crushing finer, yield 
to plate amalgamation and also to cyanide solutions gold in pro
portion to the fineness of the crushing. 

In the case of tailings mentioned in Table II. it is clear it would 
be good procedure to mill with a coarser screen so that, while in
creasing the stamp duty, the oversize taken out from the tailings 
for re-crushing and further amalgamation should be of a higher 
gold value. . 

The writer is acquainted with at least one case in which fine 
.crushing of the whole ore followed by amalgamation yields exactly 
the same results, as regards recovery of gold, as coarser crushing 
with amalgamation followed by cyanide plant for the sands, in such 
~ase it is merely a question of capital expenditure and total working 
~osts to determine which method to adopt; on the other hand, in 
the case of ores mentioned in preceding tables there could be no 
question of cyanide plant unless after fine crushing it were cheaper 
to treat by cyauide than to run over plates. 

Instances of this kind could, if necessary, be multiplied. It would 
appear that when an ore after crushing and amalgamation yields 
slimes which do not pay to treat, it is good practice to increase the 
percentage of these slimes as much as possible while still keeping 
the value of the slimes below the paying point; such procedure 
is co-related to the well-known milling practice of California 
and Gilpin County. 

Without intending to discuss in these few notes the question of 
milling in its most modern aspects it may be taken for granted, 
that any exceptionally fine crushing would not usually be carried 
{JUt in a stamp battery. 

The President-It is always a pleasure to get a paper from our 
friend Mr Durant, and when one reads what he sends us one wishes 
he was back here to take part in the problems which await our 
solution here. This paper deals with the cyanide process as 
a.pplied to the particular ores in his own district. Such papers are 
always welcome, as they add to the" knowledge we gain from other 
~ountries. 
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DISCUSSION AT THE FEBRUARY MEETING, 1904 

Mr C. Hunter-Mr Durant has included in his list of ores 
treated practically every variety possible of gold ore, and his 
interesting paper might perhaps be better termed" The Possibilities 
of the Cyanide Process." The Guinea Fowl Co.'s ore is a specimen 
of a common type of Rhodesian ore, but I have in mind another
mine in Rhodesia, where very different results were obtained from 
the oxidised levels. 

The ore was very heavily mineralised with iron pyrites in depth, 
which had decomposed from the outcrop to about 200 ft. down, the 
quartz in the oxidised zone being honeycombed and coated with red 
and yellow oxides, etc., in a very finely divided condition. This 
fine powder carried practically all the values, the quartz itself in the 
absence of the decomposed sulphides being practically barren. 

In treating this ore, about 60 per cent. was recovered in the mill, 
the sands gave satisfactory extractions by cyanide, but the slimes 
carried from 5 to 8 dwts. of gold persistently. A portion of the 
slimes was treated with the sands (double tanks making thorough 
mixing possible), but even the very finest and lightest portions 
carried the values stated. A residue of 1 d wt. was easily got by 
agitation and decantation on 100 lb. lots with 0'08 per cent. 
potassium cyanide solution. 

An uncommon feature of the ore was the amount of hydrocyanic 
acid generated in the ore, presumably by ferric sulphates. Good 
lime was unprocurable, the best we could get ran about 50 per 
cent. the balance being silica, alumina and spathic iron with a little 
magnesia. It was, in fact, more suited to the manufacture of 
cement than for use as a neutralising agent. It was used in the 
battery until the water was made just alkaline to phenol-phthalein, 
but the slimes were no lower in value than before. 

The strong solution used was from 0'2 to 0'25 per cent. potassium 
cyanide, and the consumption about lIb. per ton. This solution used 
to come off running, say, 0'06 per cent. free potassium cyanide, and, 
on neutralising with sodium carbonate, would give an additional 0'1 
per cent., the whole titrating = 0'16 per cent. potassium cyanide. The 
practice was to keep the solution at a good strength for precipitation 
by sodium hydrate if necessary and neutralise the hydrocyanic acid 
in the strong and weak sumps after passing the zinc boxes. 

The mill screen used was 700 to 800, the-value of the ore about 
14 dwts. and the slimes overflowing amounted to 20 up to 25 per 
cent. 
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XVI 

A COLORIMETRIC METHOD FOR THE DETERMINATION 
OF GOLD IN CYANIDE SOLUTIONS 

By PROFESSOR A. PRISTER (MEMBER) 

(Read at the December Meeting, 1903) 

CHEMISTRY OF THE METHOD 

THE free cyanide of potassium is destroyed with hydrochloric acid, 
whereby ferrocyanide of zinc, ferrocyanide of copper, and the 
sulphocyanides are precipitated. The double cyanide of gold and 
potassium, KAu(CN)2' is precipitated by the addition of a few drops 
of a cupro-salt (De Wilde's method). As this reaction, to be 
quantitative, requires a certain time, we found that combining it 
with Pellatan's method the time could be shortened. Therefore 
the acid solution is boiled for five minutes, the cupro-salt and a few 
drops of sodium sulphide, N 3 2R, are added ;-

2KAu(CNh + 2CuCI = 2AuCu(CN)2 + 2KCl. 

As the copper salt is in excess we have a secondary reaction, the 
formation of copper sulphide;-

CuSO 4 + N a2S + 2HCI = CuS + 2N aCI + H2S04, 

The double salt of copper and gold, AuCu(CN)2,formed is insoluble 
in the acid solution and precipitates together with copper sulphide, 
ferrocyanide of copper, ferrocyanide of zinc, and sulphocyanide of 
c"pper. 

This precipitate is filtered and redissolved in a cyanide solution; 
KCN. By the addition of zinc powder to the cyanide solution 
obtained, we decompose the double salt of copper and gold, and 
precipitate the gold as metal, as shown in the equation ;-

'. 
AuCu(CN)2 + Zn = Au + Cu + Zn(CN)2' 

The ferrocyanides of zinc and copper, thesulphocyanide and the 
zinc cyanide remain in solution; a very important,ifact, bec~~se 
they are solvents of gold, and if remaining in the solution where 

2B ~ 
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386 Prof. Prister,' Determz"natz"on of Gold [DEC. 1903 

the gold is ultimately precipitated with tin chloride, they might 
interfere with the rea~tion by dissolving the gold. 

After filtration we retain gold, silver, copper, and the excess of 
zinc. Those metals are treated with dilute hydrochloric acid to 
remove the zinc. 

The zinc chloride is filtered away, and the precipitate consists of 
guld, silver, copper, and sometimes some sulphur from the copper 
sulphide. By treating with aqua regia, we obtain the gold, copper, 
and some zinc as chlorides, and in this solution we precipitate t~e 
gold with stannous chloride, and obtain the Cassius purple, with its 
characteristic colour. The gold is estimated by comparing the 
colour obtained with standards made for that purpose. 

REAGENTS 

The Copper Solution.-Dissolve 1 part of copper sulphate, CuS04 + 
5aq, in 10 parts of water j add 2 parts of sodium chloride and 
some copper shavings j boil for 10 minutes and, after cooling, add 
some acetic acid. 

Stannous Chloride Solution.-Dissolve tin in strong hydrochloric 
acid, by warming j the presence of a piece of platinum will facilitate 
the solution of the tin j after dissolving, it should be kept in a 
bottle with a few grains of tin added. 

Zinc Powder.-The zinc powder obtained in commerce is good 
enough for this process. 

Cyanide of Potassium.-Prepare a solution of 3 to 5 per cent. 
Sodium Sulphide, Na2S.-Prepare a solution of 1 to 2 per cent. 
Aqua Regia.-Four parts of strong hydrochloric acid to 1 part 

of strong nitric acid. 

COLORIlIlETRIC STANDARDS 

Dissolve a weighed quantity of pure gold in aqua regia, and 
dilute to 200 C.c. By diluting a portion of this solution with 
water, to which a few drops of potassium hydrate and glycerine 
have been added, every desired standard can be obtained. For 
example, 3'11 milligrams of gold in 200 C.c. wculd correspond to 
10 dwts. per ton j 5 C.c. of this solution diluted with 15 C.c. of 
water will give the standard for 60 grs. per ton j 5 C.c. of the gold 
solution with 75 c.c. water will give 15 grs. per ton, etc. 

THE PRACTICAL WORKING OF THE METHOD 

Take 100 C.c. of the cyanide solution to be assayed. If very rich 
one must divide the final solution before reading, if very poor it is 
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DEC. 1903J Application of the Method 

better to operate upon -200 C.c. Acidify with hydrochloric acid, 
boil for a minute or two, add a few drops of the copper solution 
(to be certain that enough copper salt has been added, put a drop 
of the solution on a piece of filter paper previously moistened with 
ferrocyanide of potassium, when:a red-brown colour will appear if 
.enough copper is present); an excess of copper can be safely 
.added j to the boiling solution add a -few drops of sodium sulphide 
(not too much). Boil for 5 minutes, allow to settle, decant through 
.a filter the greater part of the solution. Keep as much of the 
precipitate as you can in the beaker for the subsequent solution 
in potassium cyanide. The precipitate in the beaker, as well as 
that on the filter, is dissolved in about 25 to 30 C.c. of potassium 
.cyanide. (The previous addition of a few drops of caustic potash 
:will facilitate the solution of the precipitate j if the bulk of the 
precipitate is too great, gentle warming of the cyanide will facilitate 
solution.) 'Wash with a little water, then filter. To the clear or 
.turbid solution of the ferrocyanide and double cyanide of copper 
:and gold, 1 or 2 grams (about) of zinc powder are added, and 
solution gently warmed (30 to 40 C.). In about half an hour the 
gold is precipitated, the solution being filtered through the same 
·filter already used. Keep as much of the zinc as you can in the 
beaker for the subsequent treatment. The excess of zinc is now 
dissolved in dilute hydrochloric acid j the reaction being accelerated 
by gentle warming when the first violent reaction is over. Filter 
.away the zinc chloride formed as soon as the violent evolution of 
hydrogen is finished. 

In the beaker, and on the filter, we have gold, silver, copper, 
·some sulphur, and some zinc. Ten c.c. of aqua regia are sufficient 
for their solution. :As most of the metals have been retained in 
the beaker, we start to dissolve the metals there with cold aqua 
l'egia j afterwards it is warmed to boiling-point and passed repeatedly 
through the filter. 

After repeating the operation three or four times all the gold is 
dissolved j the filter is washed with a little water and the whole 
filtrate collected in a test-tube marked with 20 c.c., and stannous 
chloride is added. If the solution is very rich the colour will 
.appear directly, otherwise after a few seconds j if the solution IS 

too dark for reading, dilute it and take an aliquot part. 

PRECAUTIONS 

The method is a quantitative one, and will give higher results 
than the fire assay, if carried out with the necessary precautions. 
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388 Prof Prister: Determination of Gold [DEC. 1903. 

Do not use an excess of reagents. An excess of sodium sulphide
will precipitate such a bulk of copper sulphide that its solution in 
potassium cyanide will be prolonged, as also the precipitation with 
zinc. 

Keep the bulk of the precipitates in the beaker, as thereby time is 
saved in the subsequent solutions and filtrations, and gold losses 
prevented. If calibrated test-tubes are not at hand, use test-tubf's 
of approximately the same diameter. If the solution is richer than: 
It dwts., it is preferable to dilute it, because it is easier to read 
poorer solutions. Don't warm the solution in which the zinc is. 
precipitating the gold too much. A beaker of 100 C.c. is most 
convenient. Use the same filter paper in order to save time and 
prevent gold losses. The simplest way to make the standard is: 
dilute 10 C.c. of glycerine with 10 C.c. of potassium hydrate (or 
sodium hydrate) and 180 c.c. water. Take 5 C.c. of a gold chloride 
solution of such strength that, diluted with the above glycerine 
solution to 20 c.c., it will correspond to about 12 grs. per ton. If 
the gold chloride solution is preserved in a dark bottle protected 
from the sun, it will keep for a long time unaltered. 

The President-In rising to thank Prof. Prister on behalf of the 
Society for the paper you have just heard read, I may say that I 
think you will understand it a good deal better when you read it-

These processes are difficult to understand when they are simply 
read out, but I may state that the process evolved by Prof. 
Prister is practically new, although he claims no novelty for it,. 
having followed out ideas suggested by Messrs Pellatan and De 
Wilde. From what I have heard, I should say that the time taken 
is a factor to be considered, but, primarily, I believe it is intended 
to be used in cases where Dr Moir's process is not quite effective. 
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XVII 

ANKYLOSTOMIASIS: A FOREWARNING 

By WALTER C. C. PAKES (MEMBER) 

(Read at the January Meeting, 1904) 

.As this Society is now the Chemical, Metallurgical, and Mining 
Society, I do not think that I need apologise for introducing a 
subject which, although neither chemical nor metallurgical, may be 
of great interest to the mining community, and which certainly will 
be, if it appears as an epidemic in these fields. 

Ankylostomiasis has in times past received different names, which 
to some extent show the sometimes peculiar distribution. For 
instance, it has been called "miner's analmia," "tunnel sickness," 
"brickmaker's disease," "Egyptian chlorosis," and (from the 
.alternative name of the parasite) "uncinariasis." 

This disease is by no means a new one, for Sand with has shown 
from an ancient Egyptian papyrus that it was known 3450 years 
ago, although in those days the then medicine men ascribed the 
worms to the disease, and not the disease to the worms. No 
mention of the disease appears in medical writings between that 
date and 1648, when it was described in Brazil, and in the beginning 
of the eighteenth century, when it was recognised in Guiana. Only 
in 1841 did Dubini of Milan settle the parasitic nature of the 
disease. Pruner, in 1847, and Griesinger, in 1851, found the 
worms frequently in the dejccta of Egyptians, and in 1854 the 
latter and Bilharz showed the connection between this parasite and 
"Egyptian chlorosis." It was not, however, until the St Gothard 
.epidemic in 1880 that the disease was generally known; and the 
modern knowledge upon the subject dates from then. Since that 
<late the disease has been found to exist_almost throughout the 
known world between 51 0 N. and 300 S. It has been met with in 
Burmah, Ceylon, India, Assam, Malaya, Cochin China, China, Japan, 
Borneo, West Indies, British Central Africa, Lagos, the Cape, and 
recent epidemics have occurred in England, Westphalia, and 
Belgium. 

It is quite evident, therefore, that from our geographical position 
3S9 
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we are not exempt. Further, when it is remembered that we 
draw miners from all over the world, and that it is known that the 
British Oentral African natives are often infected, there is no doubt, 
of the possibility of the importation of this disease on the fields. 

Take the British Oentral African natives alone j Daniels examined 
the dejecta of 251 natives and found the eggs of the worm in 25, i.e. 
10 per cent. of the natives. As we shall see later, one person 
containing one impregnated female worm may have sufficient 
infection to infect a whole community. As I am not familiar with 
the recruiting grounds in British Oentral Africa, I may here remark 
that the natives examined came from the Shire, Angoni, and M'langi 
Highlands, from Nyassa, and from Doth the Upper and Lower Shire 
rivers. In view of future possibilities, it is interesting to note that 
Preston Maxwell has found the worm common among the agricultur
ists of South Ohina. Lastly, Looss has shown that dogs may act 
as hosts for the parasites. 

Briefly, the disease is one which is characterised by a progressive 
amemia associated with irritation of the internal lining of the 
intestine, particularly of the second portion thereof. The symptoms 
are those of anrnmia, together with those arising from the irritation 
of the worm. The anrnmia is evidenced by pallor, breathlessness, 
dizziness, swelling of the feet, fainting, and so on, the symptoms, of 
course, varying with the degree of anrnmia. The irritation of the, 
intestine is evidenced by the pain over the stomach, ravenous and 
per,-erted appetite, and occasional hrnmorrhage. Despite all the 
symptoms, the sufferer frequently does not waste if his food is 
plentiful, but despite the plentiful food, he shows extreme pallor. 
More will be said of the symptoms later. 

Whatever may be the predisposing causes of this disease, the 
one single causal factor is a nematode worm, which has been given 
various names. It is known generally now as the anlcylostoma 
duodenale (ayxuAo., crooked; r1TOP.U, mouth), but has been called 
severally the dochrnius duodenalis, ankylostornum duodenale, uncinaria 
duodenalis. Being nematodes, i.e. round or cylindrical worms, 
both sexes are represented. The adult female worm is about half 
an inch long and tapers j at the extreme end it is conical and 
bears a spine. The adult male worm is rather shorter than the 
female, and has a very characteristic and unique caudal appendage. 
This consists of a large umbrella-like trilobed bursa or sac having 
eleven ribs, and from the cloaca at the bottom of the sac two long 
delicate spicules protrude, Thus an a'dult male is distinguished 
with ease and certainty. Both worms have a round mouth 
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supported on a tapering neck, which is furnished at the margin 
with four strong claw-like hooks, and two conical teeth. The anus 
in the male is terminal, and in the female subterminal. The 
vaginal orifice is situated at the junction of the middle and posterior 
thirds of the worm. 

The life cycle of the worm is as complicated as it is interesting. 
The impregnated female worm produces a prodigious and never
ending stream of ova or eggs. These eggs are about do in. by "'rio 
in. j they have a regular oval form with a delicate and beautifully 
transparent shell, through which the yolk may be clearly seen, 
often distinctly segmented. In the intestinal canal of the host the 
ovum does not undergo further development. In the decomposing 
dejecta of a person harbouring this parasite, the whole process of 
hatching may be observed. The segmentation increases until a 
morula or mulberry form is seen, and, finally, the embryo in the 
shell. The shell then bursts, and the embryo is set free. When 
newly hatched the free rhabditic form measures about 1 ~ 2 in. in 
length, and ""'1:o\JO in. in thickness. When hatched there is little. of 
internal structure except an intestine and cesophageal bulb. 'Yhen 
kept at a temperature of 70° F. in the dejecta, they grow about 
three times the size in forty-eight hours, and during this time 
undergo about four moults. From now onwards the environment 
appears to determine which of two cycles the larva will adopt. 

(1) If at this stage the larva is introduced into the body of 
a suitable host, it develops into the sexually mature adult worm, 
and the cycle is repeated. There seems evidence that if at this 
stage the dejecta or soil is partly desiccated, the young larva 
remains dormant for many months until a re-moistening of the 
medium starts it once more into activity. 

(2) If it remains in the moist dejecta it undergoes further moults, 
until after the lapse of from four days to a fortnight or so (according 
chiefly to the temperature) it becomes a sexually mature free 
rhabdite. In this condition the male measures }8 in. by 115"00 in., 
and grows to -,f;r in. by ;;&0 in. The female may attain a size of 
/5 in. by ~ in. After impregnation, the female in the free state 
probably lays a number of eggs somewhat similar to that produced 
by the parasitic worm. These eggs develop into free lal'vlB and 
adult free worms, and the cycle goes on until the ellvironment 
is unfavourable, when the cycle is suspended. 'Yhether these free 
forms are derived from the parasitic form directly 01' from the free 
forms developed from the parasitic forms, does not seem to affect 
their potentiality for evil. To quote Giles: "The progeny of both 
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develop into parasites or rhabdites, according to the environment 
in which they find themselves." The length of time they exist 
depends, as I have said before, upon the suitable environment. 
Giles has succeeded in reviving the free-stage worms which were in 
the soil, and which had stood the desiccation of a Punjab summer, 
even after the lapse of twelve months. Thus we see that under 
unfavourable conditions, such as desiccated soil, the rhabdites can 
exist for many months in a dormant condition. Under favourable 
conditions they multiply enormously. 

The conditions favourable to their development in the free form 
are moist, warm, organically-contaminated soil. This fact will 
explain how the disease has acquired two of its names, namely, 
"brickmaker's disease" and "tunnel 'sickness," and will indicate 
the reasonableness of the term" miner's anremia" Giles, who has 
very carefully studied their extracorporeal development, makes the 
emphatic statement that in ordinary water they not only do not 
develop, but slowly die for want of nourishment; further, he says 
that the water must be practically stagnant sewage to allow them 
to develop. This does not mean, however, that the infection 
cannot be carried by means of fouled water, because, as he points 
out, the rhabdite dies out slowly; ana it is quite possible for a 
rhabdite to be transferred by means of infected water to the in
testinal canal, and even though it is slowly dying, the transfer to 
suitable environment may result in its resuscitation. Whether a 
particular free form is capable of becoming parasitic appears to 
depend upon the age of the rhabdite; if it is sexually mature as a 
free worm, it is probable, from the evidence at hand, that it cannot 
become parasitic, but so long as it is in the sexually immature form 
it is capable of developing into the parasitic form. 

The method of transfer to the human subject is obvious. The 
ground or mud is infected by human dejecta-a single dejection 
may contain thousands of eggs--a brickmaker or miner handles 
the soil, and carries infection in.to his intestinal canal while 
partaking of his food. In a mine the boots and clothes collect the 
rhabdite-infected mud; from these to the hands is but a short 
distance, and from the hands to the mouth an equally short 
journey. 

There is, however, another method of infection, namely, by the 
skin, chiefly through the hair follicles. This method of infection 
was accidently discovered by Looss, who was studying the worms, 
and who infected himself in this method. ' It has been subsequently 
confirmed by Sandwith and ot,hers. \Vhat happens to the embryo 
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when it has entered the skin, and whether it reaches the intestinal 
canal, is unknown, but the fact has considerable bearing upon one 
of the symptoms which will be explained subsequently. Arrived 
in the mouth, the young rhabdite quickly develops into the adult 
parasitic worm and attaches itself to the coat of the intestinal 
canal by means of its powerful hooks. Fortunately, perhaps, as 
has been se'en, the worm cannot produce other worms in the 
intestinal canal j the eggs must be hatched outside the body and 
produce the rhabdite form. In consequence every adult worm 
present in the intestinal canal must have been ingested as the free 
form. This, as we shall see, is an important fact concerning the 
prevention of the disease. The possibilities of infection are, how
ever, enormous. Suppose one person infected with ankylostomes 
were working in a mine where sanitary arrangements are not quite 
ideal, where the dejecta-infected soil is constantly moist, and where 
the temperature is 70° F., such a man might have twenty adult 
females, laying 500,000 eggs in the course of a few weeks. If 1 
per cent. of these eggs hatched, we might expect 2500 rhabdites 
of each sex. Imagine that a small percentage of these become 
sexually mature in a fortnight, and reproduce, we shall get a 
geometrical progression, until in a few months there are millions 
of rhabdites in the mine. To this add the probability that other 
miners are infected, and the amount of materies morbi is truly appal
ling. When I remind you that probably 10 per cent. of the 
British Central African natives, and a certain percentage of Chinese, 
have ankylostomes in their systems, you will see that the possi
bilities of the infection of some of the mines are not altogether 
negligible. 

The next point to be considered is, when does a healthy person, 
having ankylostomes, begin to suffer from ankylostomiasis 1 In 
the first place, it is natural to suppose that the worm, fixing itself 
as it does on to the intestinal wall, canses the anremia (to some 
extent at least) by extracting the blood from the vessels. A 
healthy adult, weighing ten stones, possesses nearly eleven pounds 
of blood. The amount of blood which one ankylostome would 
remove is therefore negligible. In point of fact, in countries where 
ankylostomes are indigenous, it is a common experience to find 
many healthy inhabitants who have ankylostomes in their intestinal 
canal, and whose dejecta contain numberless eggs. It is now fairly 
generally accepted that an otherwise healthy man will not suffer 
from the disease unless and until he has harboured five hundred 
worms for a period of six months. Considering the size of the 
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worm, and the amount of blood in the tissues, this seems a small 
number, but there are certain facts which serve to explain this. 
In the first place, the worm is very wasteful with the blood. The 
red dIscs pass through the body of the worm almost unalte-red; 
the worms appear only to use the plasma, or fluid part. Secondly, 
the irritation which the worms produce prevents t he proper 
secretion of the intestinal juices, and, as the worms are found 
aggregated in the first part and upper part of the second part of 
the intestine, this has a great influence upon the digestive process 
and, in consequence, the sufferer does not get the proper amount of 
nourishment from his food, and he will be (from this fact alone) 
inclined to anremia. 

Having now traced the history of the parasite, it is easier to see 
how the symptoms are produced. As has been said, the marked 
symtoms of the disease is a profound anremia, and is caused by the 
extraction of the blood from the system by the worms. There are 
several kinds of anremia in which the blood may show either 
qualitative or quantitative changes, or both; but this form is a true 
simple anremia, that is, it is a quantitative change, and is due 
simply to the deficiency of blood, and neither to a wrong propor
tion of the normal elements nor to the presence in the blood of 
constituents not normally present. It would be needless to 
enumerate all the various and progressive conditions due to anremia. 
It is only necessary to say_ that the whole body suffers in every 
part; directly, because there is not sufficient blood to enable the 
patient to do his ordinary work, and remotely, because -owing to 
lack of proper repair of organs, they undergo degeneration, and 
cease to perform their function properly. Owing to the anrerriia, 
the intestinal juices deteriorate in quality or in quantity, or in both 
particulars. When to this is added the fact above mentioned, that 
the presence of the worms in the intestinal canal causes irritation 
and secretion of mucus instead of the proper juices, it is easy to 
understand the very common phenomena observed, viz. the presence 
of undigested food and mucus in the dejecta, wind, and ravenous, 
and often perverted, appetite, 

The whole danger of the diseases arises from the anremia, and the 
symptoms are nearly all the result of this anremia. 

One prominent symptom not due to this has been found in many 
cases, particularly in those working with or in damp soil; this is a 
peculiar itching of various parts of the sk{n, often accompanied by 
a rash like a nettlerash, which, through the irritation of scratching 
may become pustular. Since Looss showed that the rhabdite could 
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gain entry into the skin, it has been shown that the irritation is due 
to their presence in the hair follicles. In the Dolcoath epidemic this 
symptom was very prominent. An interesting fact in connection 
with this symptom has heen brought to light by Bentley.' In Assam, 
where ankylostomiasis is endemic, there is a skin affection among 
the agriculturists, coincident with the onset of the rainy season. 
This is known by the natives as "panni-ghao" or "ground-itch." 
Bentley has shown that this is produced entirely by the rhabdite, and
that it occurs both in those actually suffering from ankylostomiasis 
and in those who are apparently healthy; many of the latter, how
ever, are found to harbour ankylostomes in their intestines. 

Another symptom was first noticed by Delamere; he dcscribes it 
as a peculiar marking of the tongue "exactly as if the patient had 
just wiped a penful of Stephen's blue-black ink on his tongue." 
This was noticed in British Guiana, and it was objected by Duprey 
that this marking was due to the natives chewing a certain root. 
As Delamere was treating all kinds of natives, all supposed to be 
chewing the root, it is strange that the black marking should be 
confined to those patients in whose dejecta he found ankylostomes. 
Still more curious is it that my friend Dr Robert Howard, of Lake 
Nyassa, British Central Africa, should tell me that he sometimes 
saw the black marking, and in every native so affected whose 
dejecta he had examined he had found ankylostomes. For the 
information of some of my confreres, I would mention that Daniells 
has found a pigmentary degeneration of the organs in non-malarial 
patients dying of ankylostomiasis. This points to an efFect more 
than is accounted for by the mere amemia. Daniells explains it hy 
the supposition that the worms excrete a poisonous substance, which 
is absorbed from the intestines, and which has a deleterious in
fluence upon the tissues. 

The disease is dangerous only when it is not diagnosed, and 
therefore not treated. As I have pointed out, a few ankylostomes 
will probably do few of us harm, except perhaps through the 
alsthetic objection one has to harbouring parasites. But when 
numerous ankylostomes are tapping the blood for long periods, the 
changes produced may he so profound that recovery becomes 
impossible; many cases are on record where the patient has suc
cumbed to ankylostomiasis even though at the time of his death all 
the ankylostomes have heen expelled. In a healthy man a few 
ankylostomes might hardly be worth removing if it were not that 
he is a source of infection, and that for a long time; the parasites 
may live for four, five, or even eight years in the intestinal canal. 
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As the. appearance of the disease in an individual depends upon the 
dosage, and as no idea of the number present can be obtained until 
they are expelled from the body, it is surely better to err on the 
safe side and get rid of them. In miners, who are more anaomic on 
account of their work than those working above ground, it would 
be very unwise to neglect the disease, for both reasons. First, 
because a smaller number of ankylostomes would probably cause 
the disease, and, secondly, because he would be a source of infection 
not only to himself but also to his fellow-miners. 
. The diagnosis of the disease is simple, as is also that of the 
infection. The ova are very numerous in the dejecta, and under 
the microscope are easy to see. The prognosis is good if the 
disease is diagnosed early, but bad if not diagnosed. The treat
ment consists in expelling the worms and reducing the anaomia by 
appropriate medicines. That" prevention is better than cure" is 
as old a maxim as it is true. The recent epidemics at Dolcoath, at 
Liege, and in Westphalia need only be mentioned to prove that it 
would be undesirable to have an epidemic on these fields, where 
labour already is somewhat scarce. 

The methods of prevention are probably much easier to indicate 
than to carry out. First, the worms should be eliminated from all 
those harbouring them. This seems to be quite impossible, since 
many on the mines may be harbouring them, and yet be in perfect 
health. 

At any rate no person found to be suffering from ankylostomiasis 
should be allowed down the mine until all the ankylostomes have 
been expelled. This is done by giving filix mas, thymol, or 
santonin calomel and quinine, keeping the patient under observa
tion and examining- the dejecta until no ova are found in them. 
It is here to be remarked that it frequently happens that ova 
disappear and reappear even though re-infection has been impossible, 
and this is due to the fact that the young forms are much less' 
affected by the anthelmintic than the adult worms, and they become 
mature and reproduce after the exhibition of the medicine. 

Secondly, the dejecta should be treated in such a manner that 
the ova are killed and prevented from hatching. The ordinary 
methods of sewage disposal are not applicable in this disease, since 
the ova are neither killed nor prevented from hatching. The 
method which has been adopted, both in C~rnwall and Westphalia, 
is to place all the dejecta in carbolic, as this kills the ova easily and 
quickly. Whether it is possible on these fields to do this I am, 
unfortunately, unable to say. It seems to me, from my slight 
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knowledge of the native, that it will be difficult to prevent him 
from voiding his dejecta wherever he happens to be at the psycho
logical moment. Above ground it may be comparatively simple, 
but the most dangerous place to get infected is, undoubtedly, the. ' 
mine itself, and it appears to me that this will be the most difficult. 
place to keep sterile. Fortunately, no epidemic of this disease has 
appeared nearer to these fields than Kimberley, and it may be 
remarked that it is time enough to think about the matter when it 
has appeared. I think otherwise, and it is because I think other
wise that I have ventured to bring before this Society the fore-
warning which furms a part of the title of this paper. -

The President-In moving a hearty vote of thanks to Dr Pakes. 
for his most learned contribution upon this threatened invasion of a. 
new kind of disease into this country, I should like to state that, 
when this paper was submitted, the Council considered that the 
subject was of so much importance as to advise reprinting it and 
placing it in the hands of the Chamber of Mines, Mine Managers' 
Association, and all those mine managers who are, or should be,. 
interested in the subject. We had to thank Dr Pakes once before 
for giving us a demonstration in the matter of miner's phthisis, and,. 
while mentioning this matter, I should like to say, in regard to· 
what he said about the ova being generated more quickly where 
moisture is present, that we have received by the present mail a· 
copy of the Transactions of the Institute of Mining Engineers, in 
which occurs a paper on "Miner's Anaomia," by Dr Haldane, a part. 
of which referred to ankylostomiasis and mentions that in 
Westphalia the Government made a regulation, in 1900, that water 
should be used to keep down the coal dust in the mines; and it is. 
curious to note the number of cases of ankylostomiasis recorded. 
In 1896 there were 107 cases; in 1897, 113 ; in 1898,99; in 1899, 
94; in 1900, 275; in this year they began watering, and it made a. 
sudden jump to 1030 cases, followed in· the next year by 1355. 
I mention these facts as bearing out that portion of Dr Pakes' paper. 
This is interesting, as in the discussion on miner's phthisis it was. 
almost unanimously decided that water would have to be used in 
drilling to keep down the dust. There are many medical men here. 
to-night, and I should like to know if they would care to discuss the 
matter of this disease, and also if they do not think it advisable 
that the Government should be asked to introduce regulations in 
this respect. 

Dr C. Porter-I am surprised that an argument against the 
importation of Chinese is deduced from the danger of their intro-
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.clucing these unfortunate worms. I have heard all the arguments 
against the importation of Chinese, and, as far as my opinion goes, 
this is the most powerful, which is not saying much for the others, 
as other imported races besides the Chinese are infectcd. The 
reports which were recently published by one of the Government 
Departments (I believe the Home Office) on this question were a 
warning to everyone concerned in the prevention of disease, but it 
appears to me that the methods necessary for the prevention of the 
disease here are· esseiltially-to a great extent essentially-those 
that are necessary for that much greater evil ever present amongst 
us, namely; enteric fever. Of course, one know~, and Dr Pakes has 
told you this evening that persons can become affected with. this 
worm by drinking infected water. Now, a particular group of 
enteric cases has come to my notice in a mine dilring the last week, 
and I believe-one can only express one's belief as one cannot, 
unfortunately, always get at the truth of these things-the eight 
individuals in question were drinking infected water led into a 
bottle along a stick stuck in some part of the mine passage. I have 
been having an inspection made of the mines recently, and, from 
the accounts my inspectors have given me, I am not merely not 
surprised that there is enteric to a considerable extent amongst the 
miners, but I am surprised that there is not a good deal more of it. 
There is also another danger, namely, promiscuous defecation by 
Kaffirs, whether in the mines or on the surface, it is, in my view, a 
terrible evil, both in regard to typhoid and possibly to this 
worm-infection. 

My inspectors tell me that it is almost impossible to prevent 
natives defecating in any semi-secluded or unobserved spot; and I 
think, as long as that kind of thing goes on, the chances of dealing 
effectually with the present enteric or similarly carried diseases are 
very greatly handicapped. Perhaps there is one possibility of a ray 
of comfort, and that is, that having escaped so long on these par
ticularly large fields-to which, I suppose, for I am a comparatively 
new comer, that, prior to the war, natives were drawn from very 
much the same sources as at present-that having escaped so long, 
it is possible that we may continue to escape. Of course, this 
would be a dangerous doctrine to seek refuge in, and, though in 
this case I :;tgree with Dr Pakes that it would be unwise to wait 
to say good morning to the devil till you' Vleet him, I think the 
,surest way of preventing this evil is" not by drafting paper 
regulations beforehalld, but by thoroughly aud earnestly trying to 
improve the sanitation of the district, and preventing the use of 
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polluted water in the mines and elsewhere. During one or two 
visits I have made, I have been astonished to see what risks are 
taken. In one case I went a certain depth below the surface and I 
found there a water supply drawn from a chamber hewn in the 
side of a shaft, in which a native was left for eight hours at a time. 
That native had no pail or other provision, and what is likely to be 
the result? If he is infected with anything, he will probably pass 
it on to this drinking water. I say again, I think we ought to try 
earnestly and steadily, without going in for special regulations, 
which can be quickly drawn up should occasion arise, to improve 
the general sanitation of the district. 

Dr L. G. Irvine-It is very difficult to find any remarks to make 
after the particular exhaustive paper which Dr Pakes has given us. 
He has covered the whole ground most fully. There are one or 
two points, however, which I may mention, mainly in confirmation 
of what Dr Porter has just said. 

With regard first to possible sources of labour supply to the 
miner ,yhich might prove dangerous, we may, I think, add Italy. 
Italian miners are not uncommonly affected by ankylostomiasis, and 
Italian miners have been recently introduced into the Rand in small 
numbers. I have been on the lookout for some time for possible 
cases of the disease, and when one day two Italian miners came to 
my consulting-room obviously suffering from extreme allremia, I 
thought I had fo~nd it at last, but investigation soon showed it 
was not so, the men were suffering from other diseases. Any such 
danger, however, arising from a future possible importation of 
Italian labour is comparatively slight and could easily be averted 
by suitable precautions, but when we have to consider the possible 
introduction of Chinese labour we have to face a much graver risk, 
for the Chinese, if they do come, will come in large numbers, and a 
disease which, if it were introduced, might incapacitate 30 or 40 
pcr cent. of our workers is not to be lightly regarded. 

Very many facts are forced upon one in medical work on the 
mines. Dr Porter cited an epidemic of enteric fever amongst 
underground workers, and last year I had an exactly similar 
experience. On a certain mine there was an epidemic of enteric 
fcver, and 14 or 15 cases were underground workers. I suspected 
polluted underground water as the suurce, and I represented to the 
manager the advisability of preventing access on the part of the 
men to the mine water. This was done, and after a fortnight from 
that date no further cases arose. A fortnight is just the 
average incubation period of enteric, and I think the facts 
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formed a very cogent piece of evidence regarding the source of 
the outbreak. 

Then take pneumonia, which accounted in the last twelve months 
for no fewer than 2200 deaths amongst the mining natives, surface 
and underground. I think it is very probable that the mine work
ings have become the habitat of pneumococcus. This seems to be 
almost certain in regard to the allied disease of meningitis, to which, 
during the last year, over 350 deaths were due. Meningitis is a 
very fatal disease, having a death-rate of, probably, 80 per cent., 
and it is very significant that of the ten cases which came under 
my observation during the past six months all occurred in under
ground boys. One other case occurred in a white underground 
worker. 

Take dysentery again, the great majority of dysenteric cases on 
the mines occur in underground boys, and so you have the organisms 
of meningitis, dysentery, and enteric, and possibly pneumonia, all 
apparently finding our mine workings a happy dwelling-place. So 
that when we have made all allowances for dust, and, with Mr 
Heymann, for mine gases, we have quite a crop of bacterial flora to 
contend with in addition. And to these Dr Pakes would add the 
risk of a new disease. 

I am strongly of opinion, along with Dr Porter, that the mines 
should seriously tackle the question of underground sanitation. vVe 
pressed this most strongly on the attention of the Commissioner of 
Native Affairs and the Chamber of Mines some months ago, and 
inany of the mines have taken steps to improve matters. There is 
much need of this, for in some parts of some mines the condition is 
such that it is difficult to find a term to apply to it, and all of 
the mines have in some degree sustained frecal contamination. I 
think, however, Dr Porter did not go far enough. I understood 
him to say that we need not make regulations against ankylos
tomiasis till it appears. That may be so, but in the 'meantime we 
do want to make regulations for underground sanitation, and to 
enforce them. This is provided for in the new Mines and Works 
Regulations. I know it is extremely difficult to control the native, 
who chooses his own time and place for these matters. But, if in 
every mine and on every level near the shaft suitable conveniences 
were provided for natives and white men, so that the buckets 
could be removed nightly, a good deal might be done to prevent 
future contamination. Automatic earth closets would be the best 
form. Every white man, too, who is in' charge of natives should 
be made to understand that he is, so far as he can manage it, 
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responsible that his boys use these conveniences. Many mines I 
know have such a system, but it should be enforced universally. 
Dr Porter expressed a hope that ankylostomiasis might remain 
away from us. Unfortunately he is too late. There has already 
been a fatal case of ankylostomiasis on the Rand, and in this case 
the worms were discovered, which placed the nature of the disease 
beyond uoubt. So far we have had, of course, no epidemic, and I 
hope we never shall have. 

Supposing, however, Chinese labour is introduced, the danger 
becomes real, if these labourers are drawn from districts where 
ankylostomiasis is endemic. But even so, we might greatly 
minimise the danger. The discovery of the ova is an easy matter 
and it is not at all necessary to examine every case. ,Vhat I should 
suggest is that, if on investigation it is shown that the disease 
prevails in any of the recruiting districts, every Chinese labourer 
should, before sailing or on board ship, be subjected to a suitable 
course of treatment by the administration of anthelmintics. It 
would not do him any harm and would be a real safeguard. And 
it ought to be quite practicable, as very large numbers would not 
come over at one time. 

Pr~f. A. Prister-I cannot agree with Dr Irvine when he says 
that the importation of the Italian miners to the Transvaal may be 
dangerous because ankylostomiasis was prevalent among the 
miners working in 1882 at the St Gothard tunnel. It is true that 
this sickness caused serious difficulties to the contractor of that 
work in recruiting the necessary labour when it became known that 
the miners <working there got the so-called "worm-sickness." In 
the construction of the Mont Cenis tunnel, which preceded the 
St Gothard, little was heard about that sickness in Italy, probably 
because at that time it was not recognised, and it was only when 
it incapacitated so many at the St Gothard that the attention of 
medical men and others became attracted. 

Whilst working lately in Italy in an explosives factory near the 
Simplon tunnel (which is being bored now) I heard little about 
this sickness, not that it did not exist, but, probably, because the 
sanitary conditions of the works are so much improved in compari
son with those existing at the St Gothard tunnel. The high 
temperature in the Simplon requires enormous quantities of cooling 
water, and this; with the large quantity of water they meet with 
in the tunnel itself, may serve to protect the miners against this 
sickness. 

I fully agree with the speaker that it is absolutely necessary to 
20 
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take preventive precautions in order to protect these fields against 
ankylostomiasis. I do not see why the Commissioner recruiting 
Chinamen for these fields should not be obliged to examine carefully 
every man he engages before allowing him to embark for South 
Africa. If one or two cases of this sickness have already been 
found here I should advise that the most energetic measures, like 
those taken in Westphalia, be enforced here. No miner should be 
allowed to descend in a mine before his ffeces have been examined. 
I would further suggest the institution of a premium to be paid for 
every case of ankylostomiasis pointed out to the authorities and 
found correct. This peculiar method of protecting the community 
from contagion was suggested and carried out by a leading 
Parisian paper, Le Matin. It worked splendidly in Paris in regard 
to enteric fever, so well that the Municipality of Nantes also adopted 
it recently in order to protect the town and especially the sources 
of the town water from infection, as the inspectors might sometimes 
neglect to report a case of enteric fever, and so cause very 
serious epidemics. By offering a premium to those who report a 
case of ankylostomiasis, the community here would be certainly 
better protected, and it is to the interest of the mines that every 
case of ankylostomiasis occurring on their property shall be 
known and treated as quickly as possible. The only drawback to 
this suggested pr~mium method is that the inspector may have 
to make one or two useless visits, but this is nothing in com
parison with the gain if those visits bring him to only one single 
actual case. 

As one of the ordinary and most active ways of infection of the 
miners is the water they drink, I would make a suggestion. 

When I was working at the dynamite factory in Modderfontein, 
enteric fever was rampant there from the want of good drinking water 
and in consequence of the large excavation required for the erection 
of the factory. I took the precaution not to drink any other water 
than that condensed from a steam-pipe near my house; others, who 
took their meals in the same boarding-house as I, but did not take 
the same precaution in regard to drinking, died of enteric fever, 
and I would suggest that the miners should have condensed or 
boiled water given them underground. Further, that facilities be 
given them to obtain coffee or tea, so that they need not drink mine 
water. If we remember the enormous quantity of water that a 
kaffir drinks when at work we can easily see the great danger of 
infection that we have here on the Rand if this sickness should 
break out. It will, probably, make the same if not greater ravages 
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here than it did at the St Gothard, seeing that the diet of the 
kaffir is very similar to that of the Italian miner; the white miners 
here w:ill break down much more quickly, as the food they have 
in the boarding-houses along the Rand is certainly worse than 
that the miners have in Europe, and amemia is already present on 
a large scale and their power of resistance against the ankylosto
miasis would not be very great. 

Mr W. E. C. Mitchell-While being pleased to hear this interest
ing and instructive paper from Dr Pakes, I am a mining man myself 
and rather take exception to the remarks which have been made 
upon the sanitation of the mines. The town of Johannesburg as a 
town is not yet perfect in sanitation, yet we have heard nothing 
about it, but only about the mines. Our statistics show there are 
68,000 boys on the mines, but they also show there are 35,000 
natives in Johannesburg. This paper will be widely read, and the 
mines are apt to get a very bad name. I think something more 
might be said about the sanitation of Johannesburg and not so 
much about the mines, which compare favourably under the 
circumstances. 

The President-Mr Mitchell, am I not right in stating that the 
bucket system of sanitation is installed satisfactorily on your mine 
underground ~ 

Mr W. E. C. Mitchell-Yes. 

DISCUSSION AT THE lIIAY MEETING, 1904 

Mr T. L. Carter-I would like to make a few remarks on Dr 
Pakes' paper. Of course, I, personally, know nothing about the 
matter, but here are some of the precautions to be taken against 
the appearance of this disease. 

The thanks of this Society are due to Dr Pakes for giving us the 
forewaming he has regarding the disease which is attracting so 
much comment in mining circles in Europe. The old adage, "An 
ounce of prevention is worth a pound of cure," applies well to the 
subject of ankylostomiasis. Let us hope that Dr Pakes' paper will 
be thoroughly digested by the mining community, and that this 
disease will not be added to our long list of woes. 

The following simple rules (taken from the Hygiene des Mines, 
Brussels, Comite Central des Houillieres de France, Paris, etc.) are 
given in Le Neve Foster's standard work on mining, and might 
prove of service in preventing the appearance of ankylostomiasis. 
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MEASURES TO BE TAKEN AGAINST ANKYLOSTOMIASIS 

1. Clean the mine from all human falcal matter, horse dung,. 
stagnant water and mud. If the timbering is damp, cover it with 
limewash. 

2. Examine the falces of every workman microscopically for eggs. 
of the parasite. Dose the sufferers with ethereal extract of male. 
fern, or with thymol, which should be given every two hours until 
four doses have been taken; and prohibit everyone of them from 
going underground until his dejections are entirely free from eggs. 

3. Explain the nature of the malady, its symptoms, dangers, and' 
means of prevention to the workmen by leaflets, by placards, and 
by lectures to the foremen and to the more intelligent of the pit's. 
crew. 

4. Erect proper closets at the surface for the workmen, keep them 
clean, and cause the men to use them as far as possible. Portable 
pails should be provided below ground for cases of urgent necessity. 
The falces deposited in them should be rendered harmless by suit
able disinfectants and brought to the surface. 

5. Especially impress upon the workmen that as the parasite is 
taken in through the mouth or nose, they must not drink mine· 
water or touch their mouth, nose or their food with dirty fingers in 
the mine. Any food they eat should be held in paper or in a linen 
bag. Tobacco for chewing should not be touched with the fingers .. 
The ring of the safety lamp sho~ld never be held between the· 
teeth. 

6. Provide ample means for washing; tepid shower baths should 
take the place of the big tanks used for promiscuous bathing. 
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XVIII 

NOTES ON MILL CONSTRUCTION, MILLING, AND 
AMALGAMATION· 

By 1. ROSKELLEY (MElIIBER) 

(Rc(!d at the Februury Meeting, 1904) 

LIKE all other machinery and processes in vogue for the recovery 
.of gold on the Witwatersrand Gold Fields, the mill and milling 
practices of to-day have been gradually evolved out of ruder 
.machinery and cruder methods. Despite the improvements that 
.have been made, the mill man still finds many details in mill con
:struction which could be changed with advantage both to economy 
.of working and to the life of the mill. Undoubtedly, engineers 
have already recognised many of these defects, and nothing but the 
·cost of installation has prevented them from being rectified, and in 
the numerous new mills in course of construction we shall see them 
remedied. 

Before treating of milling, I will point out a few of the altera
tions which, I consider, would materially improve our mills:-

l. Lack of adequate space is, I am sure, a serious defect in most 
of our mills. Sufficient space should be allowed at the end of the 
mill for men to reverse the ends of a cam shaft. Usually, we find 
barely enough for them to range up to carry it. The cam floor, too, 
is much too narrow for the rapid 1V0rking which breakages demand 
if the output of the mill is not to be lowered. 

2. Then, again, instead of being provided with one tackle block 
carriage or overhead crawl, a mill should have four-one over the 
stamps (as is usual), another over the cam floor, and two others at 
right angles to these, one at each end of the mill, so that parts need
ing repairs or renewing can be readily brought into position from 
the door of the mill. 
. 3. The keyed cams and shafts in general use now can be 
advantageously done away with in favour of the new Blanton cams 
and shafts. With the former, millmen find it very difficult to 
tighten a loose cam-and they are continually working loose
because they cannot get at the key, owing to the adjacent cam. In 
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ease of a breakage, stamps have to be hung up an unnecessarily 
long time, since all cams from the end of the shaft to the broken 
one have to be loosened and again keyed up. The new Blanton 
cam requires no keys, and it cannot work loose. Besides, the, 
entire cam hub by its self-tightening construction takes hold upon 
the shaft, and dependenee is not placed on the shearing stress of a, 
key, which is liable to work loose, or which may be driven so' 
tightly that it may split the cam or impair its strength. Taking 
off the new Blanton cam is a simple and rapid operation. A slight, 
blow on the back edge with a hammer loosens the cam so that it 
can be slipped off. Were these cams and shafts brought into, 
general use, breakages could be remedied in less than one quarter 
the time taken at present, and mill operators would not be troubled 
with loose cams. 

Those who have not noted the advantages of this cam and shaft 
will understand its self-tightening arrangement by referring to
Fraser & Chalmers' Catalogue No.4. 

4. In modern mills ten stamps are usually placed on one shaft, and 
as long as things are running smoothly, this seems a good arrange
ment, since less timbering, pulleys and belts are required than with 
five stamps on a shaft. The economy in timber is, however, slight 
-five king posts instead of six-and pulleys and belts have to be, 
proportionately stronger for their heavier duties. This slight gain 
in initial cost is, in my opinion, more than counterbalanced by the 
excessive loss of time and waste of labour in repair of breakages. 
and for this reason I advocate a return to the old-fashioned five 
stamps to a shaft. The disadvantages of the present arrangement 
when anything goes wrong are that (a) ten stamps are held up 
instead of five while repairs are being done, and (b) if the breakage 
occurs near the pulley some seven or eight cams, instead of three 
or four, have to be taken off and put on again, unless the pulley is 
taken off, and this is often a very difficult job. Hence, twice the 
number of stamps are held up for about half as long again as would 
occur were there only five stamps to a shaft. 

It may be urged that I am thinking of nothing but breakages, 
lj.nd that these do not occur as often as I would imply. But repairs 
of one kind or another have to be made'daily, and in the construc
tion of a mill this should be borne in mind and everything done to 
facilitate it. Besides, when men are workil!g at repairs, the rest of 
the mill is being neglected, and a broken, stem or screen may pass, 
unnoticed for some time. 

5. In building a mill, much care should be given to the selection 
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of timber, especially to that which is used for king posts. Good, 
well-seasoned pitchpine should be used for this purpose; unless this 
is done, splitting and shrinking and consequent loss of strength will 
occur, owing to the vibration. In many mills little attention seems 
to have been given to king posts, although they have to bear the 
brunt of the work. Where ten 1250-lb. stamps are run to a shaft, 
the king posts are often the same size as those used in light mills, 
where five 1050-lb. stamps are run. A cross section of these posts 
measures 12 ins. by 23 ins., but 18. ins. by 23 ins. would be better. 
The usual foundation of king posts is not good, as it admits of 
considerable vibration, which can be avoided by giving it a solid 
support, as shown in the following diagrams. 

This can be done by continuing the piles that support the mortar 
boxes outwards, so that the streak sill on which the king post rests 
is supported by them directly beneath the king post. 

Other points in mill construction I will leave until I come to the 
working of the mill, when I shall have something more to say on 
the point. When ore is brought up from the mine, it is classified 
into" fines" and coarse rocks by dumping the skip load on agrizzly. 
Theoretically, "fines" is rock that passes through about an inch 
gauge, but, practically, it is often very different. I have seen rock 
weighing over a stone getting into a mill as "fines." The bars of 
the grizzly get worn or bent, and occasionally one falls out, hence 
the presence of these coarse "fines" in the ore bins. The grizzly 
should be examined often, and anything defective rectified immed
iately winding ceases. Careless workmen and worn machinery here, 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



I. Roske/ley: Mill Construction [FEB. 1904 

and in the crushing house, are responsible for numberless breakages 
in the mill and for a low crushing capacity. 

Sm·ting.-Since Mr Johns introduced sorting on the Ferreira 
Mine, in 1892, it has become general along the Rand, but since 
crushing has been resumed after the war, scarcity of native labour 
has compelled managers to sort less, and hence the grade of their 
ore has been lowered. Mr H. H. Webb, in his address to the 
South African Association of Engineers, has, I think, put the 
question of sorting in a nutshell; "Sorting," he said, "will bear 
investigation for each individual property, at least, to find the 
desirable percentage of quartzites to be eliminated." 

C1'ushing.-Usually, the crusher is supposed to break the rock to 
about 2-in. cube~, but it is often coarser, owing to worn machinery. 
The tonnage crushed in the mill could be materially increased if the 
rock brought to the bins were first reduced ·to I-in. cubes, since the 
drop could be lowered and the speed increased. 

Much more attention must be given to the ore coming to the mill 
if we are to get that rapid and effective crushing which is aimed at. 

Conve!Jing Ore to Mill.-After passing through the breakers the 
ore is delivered to the mill bins by belts of mechanical haulage. 
The latter is the more usual, but where belts are used they give 
very satisfactory resultB. A Robin belt conveyer has been in 
steady use on the Robinson Deep fur about twelve months, carrying 
from 700 to 1000 tons per day to the bins without showing any 
signs of undue wear. The belt, which is 24 ins. wide, is made of 
canvas thickly coated with rubber, the centre part being consider
ably thicker than the sides. To make the belt effective and 
economical, a slight alteration had to be made in the article supplied 
by Fraser & Chalmers. 

The ore is tipped from the belt into the bins by means of a 
tripper. Just behind the point of tipping the makers supplied a 
brush which was intended to sweep off any particles of sharp rock 
adhering to the belt. This the brush failed to do effectively, and 
the result was that in passing over the supporting rollers on the 
return journey they were forced into the rubber. 

The brush has been discarded for a shoot of water from an inch 
pipe, acting at the point where the brush was placed. The water 
is brought up by a very simple device. A long hose is attached to 
a water pipe outside the mill and brought il} over a roller through 
a small window on a level with the tripper. As the tripper is 
moved backwards or forwards in the mill, the hose coils or un
coils automatically around a wooden c.one placed directly beneath 
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the window. The belt is cleared of .water by a rubber scraper, 
placed a little in advance of the hose pipe, and the water is 
conveyed down through inclined launders to tanks, where the 
particles of ore settle. 

Feeders.-Ore is fed into the mortar box by an automatic feeder. 
The feeder is operated either by a tappet rod or by a forked lever, 
which engages a feed collar placed on the central stem of the 
battery. Many attempts have been made to improve on the 
Challenge Feeder, but the two or three so-called improved feeders 
I have seen at work certainly do not justify discarding it. 
Probably an improvement will be made so that the brake wheel 
.and three pawls can be done away with. 

The Stamp.-(a) The Stem.-Hard, fine steel is the material of 
which stems are made, but after from four to six months' wear 
they generally snap right above the head. It occurred to me that 
to get an ideal stem two materials should be used-hard, fine steel 
for the centre part, where, with more pliable, though tougher 
material, bending would occur; and a tough iron for the upper 
and lower parts, where bending never occurs, but where the stem 
·often snaps. 

Acting on this idea, I had some 3 ft. of Farnley iron welded to 
both ends of an ordinary hard steel stem and tried that. I have 
had about a dozen of these iron and steel stems in constant use for 
about eight months, aud up to now I have not had a breakage 
with them. Though I cannot, as yet, speak definitely as to the 
life of these stems, I consider them an improvement on the usual 
hard steel ones. Coarse steel, however hard, gives very unsatis
factory results. A number of stems of this material broke in the 
middle in the Robinson Deep mill after only two weeks' work. 

(b) Heads.-These should be made of hard, fine, cast steel. The 
dfficulty which a millman experiences with heads is the drifting 
out of the broken stem. Often he has to resort to dynamite, and 
the chances are that he splits the head with the charge. This 
difficulty is one which occurs in large mills daily, but a slight 
alteration in the construction of the head would do away with it 
altogether. Between the end of the shankway of the head and the 
end of the shankway of the stem there is, at present, a solid 
centre of from 2 ins. to 4, ins. If the makers supplied heads with a 
2 in. or a 2~ in. hole through this part, the difficulty could be 
{)vercome. This alteration having been made, the stem would be 
driven out by placing the head with the broken stem downwards, 
~nd giving the broken stem a few blows with a hammer worked 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



410 I. Roskelley: Mzli Construction [FEB. 1904 

by steam or compressed air. The small hole through the centre 
would materially weaken the head. At present, blasting is'about 
the only thing that splits them. 

(c) Shoes.-Battery shoes should be made of hard, forged steel 
from bottom of shank to bottom of shoe. The shank. itself should 
not be as hard as the remainder of the shoe, as it would be liable 
to snap if it were. To get this difference in tempering of the two 
parts, the shoe itself after being heated, should be cooled rapidly 
in water, leaving the shank above the water to cool slowly. A new 
12-in. shoe weighs 225 Ibs., and a worn-out one weighs from 35 Ibs. 
to 40 Ibs. The shoe can be safely worn down close to the shank. 
A shoe will run for about ninety days, and crush from 450 tons to 
500 tons of rock. 

(d) Dies.-Great care should be given to the tempering of dies, as, 
owing to their stationary position, uneven tempering causes uneven 
wearing, and the result of a badly worn die is diminished crushing, 
:md possibly a broken stem. It will be found on examining a heap 
of worn out dies, that, although the die is worn down at the centre, 
some 2 ins. or 3 ins. still remains round the edges. The mistake 
that is made in the manufacture of dies lies in the heating, not in 
the cooling. A block of steel to be tempered evenly should be 
heated slowly, so that the whole block has a chance of getting to 
the same temperature. If the block is heated rapidly, the outside 
is ready for forging long before the inside, and when the unevenly 
heated block is cooled 1n a bath, the outside becomes hard, while 
the inside remains soft. If the die has been heated slowly and 
thoroughly, it can be cooled rapidly or slowly, according as ahard 
or mediumly hard article is required. 

A 6-in. die which weighs 120 Ibs. will wear out a 12-in. shoe, and 
consequently wears for about 90 days and helps to crush from 450 
tons to 500 tons of rock. A fairly evenly worn discarded die 
weighs about 40 Ibs., but if the tempering has been bad, it weighs 
considerably more. 

(e) Tappets.-These should be made of fine, hard cast steel. 
Those made of coarse steel split and become useless. I prefer a 
three-keyed tappet to a two-keyed one. The bore of the tappet 
should be:h in. larger than the stem it has to take. This little 
precaution will save millmen much hard work, and prevent delay 
when the stamps are held up. / 

(j) Guides.-Many attempts, more or less successful, have' been 
made to improve on the old-fashioned, solid guides. Wood guides 
in iron frames and many varieties of all-iron sectional guides have 
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been tried, but I have found the solid guides better than any of the 
so-called improvements. It has been stated that six months is the, 
life of a solid guide, but by keeping the bolts tight I have found 
them last much longer than this. Solid guides made of English 
oak which were put into the Robinson Deep mill six years ago am 
still in use. 

(g) Weight oj Stamp.-This varies from 750 Ibs. in light mills to 
1350 Ibs. in the heavy ones. It has been suggested in the Society 
that compensating weights should be used when shoes, etc., get 
worn, to keep the mill at constant weight. To keep any particular 
stamp at constant weight without some such arrangement is, I 
admit, impossible, but it is easy to keep the average weight of 
the mill fairly constant. 

A shoe lasts about three months, so that in a 100 stamp mill 
thirty new shoes are put in every month, and this keeps the mill at 
a constant weight. . 

Orushing.-The aim of mill ·operators should be to crush the 
maximum quantity of ore to such a degree of fineness that the 
most profitable extraction can be made. Though many factors g(} 
to determine the rate of crushing, the screen is undoubtedly the 
controlling one; 600 or 700 standard screening has, in the past,. 
been the screening in general use, but although it gives a high rate 
of crushing, other conditions being favourable, the extraction from 
the crushed product, more particularly the concentrates, has not 
been considered satisfactory, and, in consequence, there is a 
tendency to adopt a finer screening; 600, 700, 900, 1000, and 
1200 standard screening have all been tried on the Robinson Deep. 
With 600 standard our duty was 5'45 tons ; with 1200 standard 
it is only 4'95, that is, there is a loss of 0'5 ton per stamp per day, 
or 1500 tons per month on a hundred stamp basis. As a set-off 
against this comes a better extraction all round-3 per cent. better 
in the mill, and about 3 per cent. in the concentrates. Now, it 
seems to me that of these the concentrates extraction is the most 
important. The question then arises-and to which I am not 
prepared to do more than express an opinion-whether it is 
more profitable to continue the fine screening at a loss of 1,500' 
tons in crushing, or whether it would not be better to return to, 
say, 700 standard screening, and re-crush the concentrates? 

Personally, I believe the latter would be the better course, though 
I am by no means sure about it. Mr Chester, in his paper on 
"Cl11shing by Stages," 1 was decided on the point; Mr H. H. 

1 See this volume, pp. 91·115. 
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Webb seems to lean towards it when he said: "In the future it is 
also probable that the scheme of regrinding the coarser pyritic 
portion of the pulp leaving the mill before cyanide treatment will 
be adopted in order to obtain better extraction from this rich 
material by more perfect exposure of the gold." The final settling 
of this point of crushing is beyond my scope, involving, as it does, 
the balancing up of many adverse points and much calculation, but 
it is a question which I should like to. see taken up and thrashed 
·.out by this Society. 

Perhaps the results obtained by me with the different screening, 
though I have already mentioned them to this Society, had better 
be set down here, since they may interest others who have not 
yet tried these different screenings, but who are contemplating 
doing so. 

j Fall of 
Screen. Slimes. 

Height 
Speed. 

Dis-
Water. 

Tons 
Plate of Drop. charge. crushed_ 

I ---------
per ft. stud. pel' cent. ins. ins. tons. 

1fi in. 600 25'4 8~ 96 2t 6 5'45 2 
1i6 in. 700 29'0 8t 96 '):1 6 5.28 ~:i 

1-h- in. 900 31'8 8~ 96 2! 6! 5'07 
, 1fi in. 1000 35'3 7t 100 2t 7 5'06 

116 in. 1~00 35'0 7~ 
2 100 2t 7~ 4'95 

Tonnage and percentage of slimes in the above table were obtained 
from the cyanide works by me during respective periods of 
individual months_ It will be observed in the above table that 
the decrease of tons milled per stamp with decreased mesh aperture 
is not quite regular, for instance, the difference between 900 mesh 
.and 1000 mesh is 0-01 ton. This is accounted for by the fact the 
speed has been increased four drops per minute_ 

The factors determining the rate of crushing are-screening, 
length of drop, order of drop, speed, weight of stamp, feed, 
discharge, water supply, and, last, but by no means least, size of 
ore fed into the bins. 

(a) SCTeening.-This I have already referred to. Experience 
teaches me that it is the most important factor, though I believe 
.some other members of this Society h:w:e come to a different 
. ·conclusion. 
. (b) Length oj DTop.-The smaller the ore fed into the mortar box, 
.the shorter this can be made. If 2-in. cubes are fed in and the 
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drop is set at 8 ins., the actual drop will be anything from 6 ins. to, 
8 ins. As long as the drop is sufficient for the stamp to crush the 
material beneath, all that is required is obtained, and to make the 
drop greater than this is to do unnecessary work. Great care must 
be exercised to keep the drop of constant length, otherwise an 
irregular splash and slow crushing will result. The tappets have 
to be adjusted about every third day, owing to the wear of the 
shoe and die, otherwise the drop will become too long. Of course, 
the wear is far from even, and the adjusting which may be right 
for one stamp may be too much or too little for the next. It is a, 
great mistake to think that half an inch from the standard length 
makes no difference to the crushing power of the stamp, and as 
soon as any variation is discovered, it should be immediately set 
right without waiting for the time when the other stamps in the 
battery need adjusting. 

Order of Drop.-The drop of a stamp does two things: (a) It 
crushes the material beneat,h it, and (b) it splashes the crushed' 
product against the screen. Were the stamps dropped one after 
the other, the fall of one stamp, by its splash, would remove much 
of the material from beneath the adjoining one, and very slow and 
defective crushing would be the result. To obviate this, millmen 
arrange so that no two adjacent stamps shall fall consecuti~ely; 
1, 3, 5, 2, 4 and 1, 4, 2, 5, 3 are the usual orders in use. 

Speed.-Assuming that the drop is not made too short to crush 
effectively, then a mill running at 100 drops per minute will do 
os\ more work than one going at 96. Coaling cost in running the 
engines, and the greater wear and tear occasioned by high speed, 
are factors which tend to keep the speed within reasonable limits. 

Discharge.-One of the greatest objections to crushing with 
stamps is, that' particles crushed sufficiently fine for extraction, do 
not immediately es,cape from the mortar box, but are re-crushed 
and slimed. A high discharge retards the escape of the pulp, from 
the box, since, instead of being splashed against the screen at the 
fall of the stamp, it splashes against the chuckblock, and is driven 
back under the stamp and slimed. 'When the discharge is high, 
the mortar box is liable to be filled with several inches of pulp, so 
that instead of the stamp falling on rock lying on the die, it 
pounds its way through this pulp. 

This excess of feed need not, I admit, be present, but it often 
is because it is hidden away behind the chuckblock and the mill
man cannot see it. The advocates of high discharge say that 
banking against the screen of material too coarse to pass through 
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will occur if a low chuckblock is used. A 2-in. discharge has been 
used in the Robinson Deep mill ever since the mill has been 
running, and by always keeping the feed low, we have not been 
troubled with" banking" or excessive breaking of screens. 

Feed.-This should be kept even and low. Uneven feeding 
eauses banking at the ends of the box, and both this and high 
feeding impede crushing. . 

Water Supply.-The mill should have a constant head of water, 
.and its supply should not be tapped by any other department. If 
the pipes of the mill are supplied from a large tank outside, as is 
done on some mines, this is assured. The water pipes of a mill 
should always be somewhat larger than theory demands, to allow 
for space taken up by adhesive matter in the water, as, after being 
in use for some time, unless provision is made for this, the supply 
will be inadequate. In every mill some arrangement should be 
made, so that each shiftman uses the same amount of water. 
Where each battery is supplied with a single pipe, this can be 
ilasily done, but whatever system of piping is adopted in the 
construction of the mill, if cocks are used instead of valves and the 
cocks marked, the water supply can be always kept near the actual 
amount required. The water supply must be varied according to 
the coarseness of the rock coming to the mill, as the rate of crush
ing varies according as it is coarse or fine. 

I do not see that it can make much difference to the rate of 
crushing whether the water is introduced at the top or the bottom 
Df the box, as the action of the stamps prevents it striking directly 
()n the ore. Several different arrangements are in vogue for the 
distribution of the water throughout the box. A supply near each 
end is good, and so is small jets the whole length of the box. 

Increasing the quantity of water does not greatly affect the rate 
Df crushing, but if the supply is irregular, crushing is undoubtedly 
retarded. The water supply is regulated not by conditions in the 
mortar box, but by the flow over the plates. If the supply is 
inadequate, sand will bank on the plate, and if in excess, both 
black sands and fine gold will be carried away, the latter not getting 0 

a, chance to amalgamate. If fine screening is used, the amount of 
water per ton of rock crushed must be increased. If the screening 
is very fine, the particles passing over the plate are fine, and slimes 
a,nd fine material tend to stick to the plate much more than rougher 
particles, hence the increased supply of watt;lf necessary to keep the 
plate clear. . 

Before making any remarks on amalgalllil.ting, I have a little to 
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say on the use of cyanide in the mill. I have never yet met a 
millman who did not advocate the use of cyanide, nor a cyanide 
man who did not say that it ought to be discontinued. These 
widely different attitudes are but natural; the millman finds it 
assists him in his work, and, consequently, he stands up for it; the 
cyanide man says it dissolves gold on its way from the mill to the 
cyanide works, and speaks against it. This antagonism, though I 
have always found it a friendly one, has done harm, and has 
prevented the question from being discussed openly, and the result 
has been that millmen preserve as a dead secret the amounts 
which they use for different purposes. The harm which cyanide 
does when used in a mill is patent to every chemist, and the result 
is that in a few cases millmen have discontinued using it. 

Stated briefly, the objections to using cyanide in the mill are: 
(1) It dissolves gold on the plates; and (2) it interferes with the 
pulp after leaving the mill. 

The advantages accompanying the use of cyanide are perhaps 
better known to millmen, who have the practical handling of the 
amalgamating tables, than to anyone else. They are :-

(1) It greatly assists in the setting and dressing of plates by 
causing the mercury to spread and mix with the amalgam. To 
men who can set a copper plate well in an hour, using cyanide, will 
require twice that time without it, and even then the result is not 
good. 

(2) It keeps the plates in good condition. When cyanide is 
used, plates are seldom seen discoloured with streaks of yellow, 
oily-looking scum as often occurs with certain ore when it is not 
used. I t has been affirmed that this discolouration can be done 
away with by feeding a little lime into the mortar boxes, but I 
have not found lime very effective. The use of lime ought to be 
avoided, since it interferes with the amount required in settling 
the slimes, and for this reason, since it is of small use in the mill, I 
have discontinued it. 

Cyanide, when used in dressing plates, removes this yellow scum 
which forms on the lower part of the plate, and since the dressing 
is done every fours hours, it prevents it from appearing in any 
quantity. The amount of gold caught on the lower part of the 
plate is small, and the loss in gold, therefore, owing to the presence 
of this scum is slight, but the escape of mercury to the cyanide 
works, which it causes, is another matter. ·When plates are in 
good condition, the mercury which is applied in dressing oozes 
through the amalgam down the plate and never appears on the 
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surfacc. Immediately the oozing quicksilver reaches one of these 
discoloured patches, it rises to the surface and drains down the 
plate in "tears." 

(3) It thoroughly cleans copper plates of grease and foreign 
matter, which would interfere with" setting." 

Some time ago I started taking samples in the mill, to see how 
far the evils advanced against the use of cyanide were rflal ones. 
I may state here that for dressing plates I use t oz. of cyanide 
dissolved in four gallons of water, and that this is sufficient for tan 
tables. In setting plates I sometimes use a slightly stronger 
solution, but since this occurs seldom, I leave it out of considera
tion. Cyanide is never used in the Robinson Deep mill, except fOl' 
dressing and setting plates, but seeing I was face to face with the 
fact that either I must discontinue the use of cyanide and let the 
amalgamation suffer, or else I must go on seeing a certain amount 
of gold dissolved and partly lost, so giving trouble to the cyanide 
works,-both of these I was unwilling to do, and at last it struck 
me that both my troubles might disappear if I washed off the 
dressing solution before letting the stamps fall and collected it at 
the bottom of the table. I now collect regularly the first wash of 
the plates after dressing with a trough which is rectangular, about 
4 ins. deep and 2t ins. wide, and goes the whole length of the 
table. I store the washings in tanks. 

From what -I have said it will be seen that I consider the indis
criminate use of cyanide in a mill distinctly harmful, but that if 
used in small quantities and special precautions taken against its 
escape to the cyanide works, it is beneficial. U sing large quantities 
and not collecting the washings may contaminate the water supply 
of the mill on those mines which return the water after only a. 
short interval. 

The time lost in collecting the first wash of the plate is in
finitesimal, something like 5 secs., I should say. 

Amalgamation.-1nside amalgamation, pure and simple, is not 
often seen nowadays, but it is still the custom in many mills to 
feed mercury into the mortar boxes. The advocates of this 
method say that the mercury from the box which passes through 
the screens helps to keep the plates in good condition, and that a 
small percentage of gold is caught in the boxes. If plates are 
dressed properly every four hours, this continual application is 
unnecessary, and there are several objections to the practice. 
These are:-

(1) Excessive loss of mercury. Much of the mercury in the 
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box is "floured" by the beating of the stamps, and passes through 
the screen in this finely divided condition. Floured mercury floats 
readily on water, so that little assistance is given to the plates, 
but much mercury is carried down the plates and escapes through 
the mercury traps to the cyanide works and is lost. I find that 
the loss of mercury with outside amalgamation is 0'3 oz. per oz. 
of gold recovered. On more than one occasion in this Society, 
when the loss of mercury in niills has been under discussion, it 
has been stated as so much per ton of rock crushed. Now, this 
seems to me to be a most misleading method of making the state
ment. The loss depends on thc amount used, and this is dependent 
on the number of ounces of gold recovered. Where the grade of 
rock is low, the loss of mercury must be low, since the amount of 
gold recovered is low, and the reverse is the case when the grade 
is high. If the loss is stated per ton of rock crushed, then the 
pennyweights of gold recovered in the mill. per ton of crushed 
rock, should also be stated. 

If the loss is stated as so much per ounce of gold recovered, 
or as a percentage of the total amount of mercury used, we have 
figures which can be compared with those of any other mill. 

(2) Accurate screen samples cannot be obtained. This is true 
for two reasons :-

(a) Some of the gold is amalgamated in the box, and 
(b) Beads of mercury and amalgam passing through the screens 

get into the sample tin, making the sample go higher than it 
should. 

(3) Loss of amalgam. Small beads of amalgam collect on the 
blanketing of the screens and on their frames, and when screens 
are changed these fall on the plates. Often these are not collected 
in the clean-up pan, but are allowed to remain until the water is 
turned on, when they are carried away. 

Setting Plates.-Before attempting to set a plate, the operator 
should see that it is perfectly clean. If the plate is scoured with 
fine sand, brushed down with a cyanide solution, and then washed, 
it will be ready for setting. 

Sixteen ozs. of mercury is sufficient for setting a 16-ft. plate. 
The mercury, which is sprayed on the plate through canvas, is 
rubbed into it with a soft brush. If the brush is dipped into a 
cyanide solution from time to time, it will be found that the 
mercury will spread much better than if this is not done. Of 
course, the top of the plate is the proper place at which to begin. 

After the plate has been silvered, if possible, about 6 ozs. of 
2D 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



418 I. Roske/ley: Mill Construction [FEB .. 1901 

gold amalgam should be rubbed into it. If this is not dOlie, for 
the first twenty-four hours after amalgamating is commenced, the 
plate will not amalgamate more than two-thirds of what it should 
do. In setting a plate, care should be taken not to get it " wet" 
with mercury. When in the best condition for catching both gold 
and black sands, a plate has a pasty surface. 

Dressing Plates.-Plates are dressed every four hours-twice 
each shift. Ten minutes is allowed for the first dressing and five 
minutes for the second, hence the total loss is forty-five minutes 
per day. In some mills the stamps are hung up, and when the 
water has washed the plate clean, dressing is commenced. In 
others, again, the water is shut off immediately the stamps are 
hung up and the plates are left covered with black sands and 
concentrates. 

This sand is brushed ofl" and put aside to be amalgamated in a 
grinding barrel. The latter is the method which I adopt, and 
this, I believe, accounts for the varying amounts of gold in the 
first washing after dressing. I usually get about:! lb. of fine sand 
washed down into the trough in which I collect the washing, but 
this, of course, varies according as the brushing up has been 
thorough or otherwise. 

In dressing plates mercury is sprayed ovcr the upper part
the 3 ft. that is scraped daily-and this mercury creeping down
wards supplies the lower part. Then a 0·08 per cent. cyanide 
solution is sprinkled over the plate, and the mercury is rubbed in 
with a hard brush. Afterwards the amalgam is brushed smooth 
with a soft brush, and, after being washed down, the plate is 
ready for amalgamating. 

The upper portion of the plate is the part that needs most 
mercury, for it is here most amalgamating is done; 95 per cent. of 
the gold ca~ght by amalgamation is got within 3 ft. of the top of 
the table. With a low-grade ore it is difficult to keep the lower 
part of a 16-ft. plate from scouring, and, consequently, I do not see 
that anything would be gained by putting another plate outside 
the mill, as has been suggested. N either mercury nor amalgam 
should be allowed to leave the mill. After a series of tests running 
over three weeks, nothing more than a trace of mcrcury was 
discovered on the Robinson Deep. 

Scaling Plates.-W Orll-out plates, before being cast aside, are 
scaled to get all the gold from them.. The process of scaling is as 
follows: ! lb. sal ammoniac is mixed thoroughly with! lb. nitre 
and ! lb. spirits of salt, and a pint of water is added. This 
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mixture is applied to the plate with a soft brush, and the plate is 
allowed to stand for about fifteen minutes. Afterwards the plate 
is heated over a good fire. When it has hecome quite black, which 
will be in about half an hour, it is dipped into a bath of water, 
when the scaling can he washed off. Some millmcn drive off the 
mercury hefore applying the aboye mixturc; others do so after
wards. v Should all the scaling not. come off, the parts needing it 
.are treated over again. The scalings are afterwards collected ar:d 
mixed as follows: 1 part scalings, 1 part sulphur, 1 part borax, and 
1 part sand. This is melted in a crucible and the gold extracted. 

Mill Samples.-Two samples should be taken in the !nill--one 
before the pulp passes over the plates, and another when it leaves 
the mill. The first, if properly taken, should show the value of the 
Tock crushed, and thc latter should indicate the value of thc pulp 
leaving the mill, and the two together should show the extraction 
on the plate3. Undoubtedly, the proper place to take the first 
sample is at the screen. I find that the sample obtained in the 
following manner is very near the actual extraction. A sheet-iron 
lip, about an inch wide, is bolted to the hottom of the screen to 
,carry the pulp clear. Each shift is supplied with an enamelled 
bucket with a cover and an enamel sample tin 1 in. wide, 1 ill. deep, 
.and 1:2 ins. long, with a handle at one end. 

This tin is taken the full length of the screen under the lip once 
every hour, and the contents are placed in the sample bucket. The 
contents are assayed separately daily. Each shiftman has his own 
bucket and tin, so that should a careless sample be taken, the 
offender can be readily detected. When I mentioned this method 
-of sampling in this Society some time ago, it was suggested that, 
although it was a sample of the screen pulp, it was not a sample of 
the ore brought to the mill, since un appreciable quantity of free 
gold would remain in the sands in the mortar box.. This objection 
I have not found a real one, for when the mortar boxes are cleaned 
,out after three months' running, the sands are but little richer than 
those which pass over the plates. 

The sample taken at the bottom of the plate is obtained in the 
same way as the screen sample. 

In the foregoing notes I have sketched briefly the chief points in 
mill construction and milling, and, in conclusion, I should like to 
emphasise a few of them. 

In the construction of a mill it is attention to the details that we 
require. Some of the improvements I have mentioned may to an 
outsider seem somewhat trivial, but the cumulative effect of these 
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small defects is great, and causes enormous waste of time and 
labour. 

I would emphasise the necessity for thorough work on the part 
of the rock crushers, for however good be the work done in a mill, 
it i~ to a great extent hidden, and does not show itself in high 
crushing capacity if the rock crushers are neglected. In amalgamat
ing, I consider outside amalgamation, pure and simple, has proved 
itself to be as good as, if not better than, any other method in 
gold extraction, and to be the method in which losses of all kinds 
are reduced to a minimum. 

·Whether crushing should be done in one or more stages, is a 
question which should be taken up experimentally and settled at 
once. As has been already pointed out, the present, when many 
mills are not running at their full capacity, is the time for this, so 
that when labour comes and we are all doing full work, we may 
have the assurance that nothing is lost through old-time methods. 

And, finally, I would emphatically state, as the result of milling 
experience, that when cyanide is used in the mill every precalltion 
should be taken to most carefully conserve the plate dressings and 
thus prevent any contamination of the mill water. 

The President-I am sure the thanks of this Society are due to 
Mr Roskelley for the thoroughly practical and workmanlike manner 
in which he has dealt with his subject, the value of which, I think, 
,,,ill appeal to many of you, besides those who work ~n cyanide 
works or in the mill. It has been our unfortunate lot hitherto to 
be unable to extract from millmen any fresh ideas whatever 
concerning their work, they having always preferred to keep their 
own secrets. Mr Roskelley is one of the few battery managers who 
has had the courage and candidness to give us his ideas on the 
subject, and I think it will be a slur on those members we have, 
who work in the battery, if they cannot also contribute some 
information on the subject. We have dealt fully with various 
interesting questions appertaining to these fields, but milling seems 
to be a thing which all the members seem to fight shy of, yet I am 
quite sure there is just as much room for improvement in the mill, 
as there is in the cyanide works. 

DISCUSSION AT THE lVIA Y MEETING, 1904 

Mr R. G. Bevinton-I should like to, say a few words upon Mr 
Roskelley's paper. ' 

I quite agree with Mr Roskelley's remarks as to the necessity of 
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providing adequate space in ~ills---:-the extra expe~ditur~ on wood 
and iron will soon pay for Itself m a modern mIll, owmg to the 
facilities given for carrying out repairs, etc. 

The plentiful use of mechanical appliances, such as good blocks 
~nd tackles, is greatly to be recommended, by reason both of ex
pediting the work in hand and tending to lessen the labour required. 
While on the subject of blocks, I would point out the great con
venience and utility of what is known as the worm block. I have 
seen in a mill two white men and three natives struggling with an 
ordinary, differential chain· block to lift out a 6-in. cam-shaft with 
pulley and cams attached, and I have seen the same work most 
comfortably performed in the same mill by one white man when 
using a :3-ton worm block. The worm block is certainly rather 
more expensive in first cost, but soon pays for itself, as any millman 
will find out. There is also an absence of jerking or jumping when 
lifting or lowering a weight. One must be careful to employ a 
block made for a rather greater weight than the heaviest it will be 
required to lift. There will then be no chance of what is termed 
"overhauling," that is, the block letting the weight run down when 
the chain is not held, and which, in spite of mechanical arrange
ments provided to counteract this, does sometimes occur when a 
block is loaded up to its full load. Those who have to do with 
melting and pouring large bars of gold should try a small worm 
block, say, one made for 10 cwts., for lifting the pots out of the 
furnace. 

Cams.-With regard to Blanton venus keyed cams, I think there 
can be no doubt in the minds of those who have used both styles as 
to the convenience and rapidity of effecting replacement when using 
the Blanton system. Another great advantage is that the cams are 
interchangeable, the only"difference being between right-hand and 
left-hand cams, and when a broken cam has to be replaced one does 
not have to search through one's stock of cams only to find that 
there is not one with the key-way cut in the position where it is 
required to be, and that further delay must be incurred in having 
the required key-way cut. 

I am certainly against the placing of ten cams on one shaft, for 
the reasons plainly stated by Mr Roskelley, and from my own 
.experience. 

Supporting Kingposts.-As to the plan of constructing kingposts 
with some good support underneath, I think there is room for consider
~ble improvement upon the present system. When it is remembered 
that with, say, a set of five cams on' a shaft and the stamps falling 
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at the rate of 100 drops per minute, each tappet, when the stamp 
is being lifted, will be struck by the cam 100 times in a minute, so· 
that the kingposts will feel the effects of 500 heavy blows each 
minute, and this is what largely contributes to the enormous amount 
of vibration in a mill. AnyolJe who has noticed the working of a. 
strake sill when the bolts holding it down to the mud sill happen 
to have become at all loose, ,,·ill appreciate the want of some good 
support under the centre of the sill where the kingpost rests. 

(friz.?:lies and C1"llshers.-I fully agree with Mr Roskelley in his. 
remarks about keeping the grizzlies in good order, and also that 
the smaller the pieces of rock which are supplied to the mill, the 
greater will he the duty per stamp for a given screen; furthermore, 
the more evenly will all the machinery run; the feeders will work 
more smoothly and require much less attention and less frequent 
repair; dies should wear more evenly, and the breakage of stems 
be less. 

I do not think that anything like sufficient importance is at 
present attached to the question of fine crushing by the ore 
breakers before taking the ore to the mill, and I am convinced that 
more attention to this point would soon make itself felt in greater 
stamp duty and a great reduction of wear and tear and breakage in 
the mill, and thl1.t the question of a thoroughly.adequate crusher 
plant is one which will, in the future, have to receive fuller con
sideration than it has met with in the past. 

Feeders.-I have seen several patterns at work, but have every 
reason to be most satisfied with· the Challenge feeder. A feeder' 
must always he kept in good order, or it will not do its work satis
factorily. Once a feeder is let go too far, it is a constant source of 
annoyance and trouble; a small amount of intelligent attention 
frequently given is, however, all that is required to maintain the 
feeder in excellent order. I would strongly advise anyone using 
the Challenge feeder to discard the cast-iron pawls which are 
supplied, and to substitute a wrought-steel pawl having a set in it 
of about 30°. This will be found to wear very much 10llger than 
the straight pawl without renewal, and is not liable to fall out. A 
stock of pawls of slightly varying lengths can be kept on hand, so 
that when worn too much to do its duty properly, the pawl can be 
readily replaced by a new one. It is then a very easy matter for 
the smith to draw out the old pawl t'lvto -k .of an inch, when it. 
becomes practically a new one. A feeder d very simple construc
tion, and of few parts, is now being tried in one of our mills on the 
Rand. So far as I have seen, it does its work excellently, but 1 
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would like to see it after a few months more work before coming 
to a decision as to its relative merits or demerits. 

G7licles.-Like Mr Roskelley, I have seen and used many patterns 
of guides, but up to the present must agree with him that the 
solid guide is hard to beat. I have the same guide blocks now 
working in the Village Main Reef mill which were supplied with 
t,he mill six years ago. These guides are of American maple, which 
is by no means a heavy wood. None of them have ever been 
dressed np or planed off; in fact, none of them have yet been 
closed up. The closest still have a i-in. liner between the faces of 
the two blocks. Attention to the bolts is a great factor in the 
life of guides. 

ScTeening.-The names given by the makers to the various 
grades of screening are misleading. One finds on examination 
that what one maker will style "light" will correspond with what 
another maker calls "standard," and so on; and I am of opinion 
that steps should be taken by the makers and users in conjunction 
to formulate some scale of grades and descriptions which can be 
taken as a standard, so that one may then have some real and 
ready basis of comparison. If makers would describe a given 
screening by stating, not only the number of holes to the square 
inch, but also by stating the thickness of the wire of which the 
screening is made in fractions of a millimetre, as well as the 
area of the hole in fractions of a square millimetre, millmen would 
at once be able to see how a different sized wire or hole would 
affect the discharge area of the screen. 

Order of D1·op.-I have used both the orders of drop mentioned 
by Mr Roskelley, and am in favour of 1, 4, 2, 5, 3. 

Cyanide and Lirne.-I have used many and various compounds 
for setting and dressing plates, and have never found anything so 
efficient as cyanide of potassium. Anyone who tries to set one 
new plate without cyanide and another with cyanide will readily 
find out the difference, but I only advocate its use in the ordinary 
work of the mill on special occasions, as in getting rid of obstinate, 
discoloured patches on the plates, and then only in very minute 
quantity. The use of too much lime in the mill I have found to 
be decidedly disadvantageous, in that it had a distinct tendency to 
cause amalgam to strip from the plates, and as for curing dis
coloured patches on a plate, I have found quite the reverse. A 
patch which, with water containing little or no lime in it, will remain 
some time bright after cleaning and then take on a golden yellow 
colour, will, I have found, turn rapidly to the colour of a used 
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hronze coin if the water contains much lime, and will take a lot of 
scrubbing to get it clean again, only to discolour rapidly as soon 
as the pulp is allowed to flow. If the quantity of lime in the 
water is kept low, the patch becomes much more amenable to 
keeping bright, and will eventually disappear. 

Amalgamation and Dressing Plates.-I quite agree with Mr 
Roskelley in his remarks re inside t'ersus outside amalgamation. 
As to dressing plates, I can only say that the method so clearly 
described by Mr Roskelley almost exactly coincides with the 
method which has been practised by me with satisfactory results 
for almost sixteen years on these fields, supplying all the mercury 
required to the outside plates and feeding none at all into the 
boxes. 

Loss of Mercury.-I do not think we have arrived at the correct 
method of stating this for basis of comparisons. To my mind, 
the loss depends both upon the amount of gold won and the 
tonnage milled. A very large portion of the loss must occur 
through the scouring or abrading action of the sand in passing 
over the plate, which may be likened to a continual rubbing with 
sand-paper, however slight. The sharp particles rolling constantly 
down the plate must have a tendency to cut or abrade very 
minute particles of mercury, which will pass away with the pulp, 
never to be recovered again. Supposing, for instance, one were to 
mill 20,000 tons of waste rock -containing no gold, there would, I 
am sure, be a considerable loss of mercury, but no gold recovered 
to debit that loss to. It appears to me that the actual loss per 
ounce of gold recovered must almost entirely occur in the some
what unexplained loss which does take place in retorting.' 

If, as Mr Roskelley suggests, the loss be reported as so much per 
cent. of the amount of mercury used, then, supposing, for the sake 
of argument, that A kept the plates in a very wet condition, so 
much so that mercury was continually falling off the end of the 
plates in large drops which would collect in the traps and be 
recovered again, he would use or handle a very large amount of 
mercury, and his loss at the end of the month would be but a very 
small percentage of this as compared with B, who kept his plates 
just in the proper pasty condition, and who would not use or 
handle anything like the same amount. I am presuming, of 
course, that the actuai loss which has occurred in both cases is 
equal. Judging them on the percentage method-of mercury lost 
to mercury used-A would appear as far the better millman, which 
I venture to doubt. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



lIfAY 1904J Fixing of Mud Sills 

I would recommend that loss of mercury be reported both at pel' 
ton milled and also at per ounce of fine gold recovered. 

Mr D. J. PepJar-It is true that considerable improvements have 
been effected in the c~nstruction of mills lately, especially when we 
compare the mills which were built in the years 1888 and 1889 
with those built during the last couple of years. A marked im
provement is noticeable when the comparison is made. However, 
I quite agree with ilir Roskelley that there is still room for much 
improvement, millmen finding a good many faults even in the latest 
structures. Taking, for instance, the manner in which mud sills 
a,re placed and fixed. "\Ve find that in most of the mills constructed 
lately two stone walls are built, one in front and one at the back of 
the piles carrying the mortar. On those two stone walls lie the 
mud sills carrying the streak or cross sill on which the kingpost 
stands. Now, we find that anchor bolts measuring 1 in. in thick
ness are built into the walls 12 ft. apart. These bolts are put 
through the sills, by means of which the sills are screwed firmly to 
the walls, but I find that these bolts are too weak and too far apart, 
a,s they give trouble by snapping off continually. A considerable 
vibration, when this occurs, is therefore caused in the framework of 
the batteries where such bolts are in use. In many cases I find 
that not the slightest forethought had been given in the event of 
such contingency, whereby such bolts could be renewed. I was 
obliged, in many cases, to key up such sills with steel wedges and 
run cement underneath to steady them. Such trouble could easily 
be avoided by placing the anchor bolts 6' ft. apart instead of 12 ft., 
a,nd using l}-in. bolts instead of I-in. It would simplify matters 
.also if some arrangement could be contrived by which such bolts 
could be renewed when required. Then, we find that the two mud 
sills are placed about 7 ft. apart, this allowing far too much sprillg 
in the streak sill carrying the kingpost. This fact was pointed out 
by Mr Roskelley in his paper. The spring in the streak still pro
duces such a vibration in the kingpost that it is almost impossible 
to keep the cam-shaft steady in the bearings, unless the space 
between the two sills is filled up and a solid foundation given to the 
streak sill. This difficulty can easily be overcome by bringing the 
two mud sills right up against the mortar piles, which would pre
vent any vibration or spring in the streak sills. A further advantage 
.exists in it not costing a penny more to do this than the less bene
ficial way, and the mill would run far more satisfactorily. Another 
fault in the construction of our mills is the small outlets by which 
the ore is drawn from the mill bins into the feeders. These outlets 
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generally measure 2 ft. by 2 ft. The result is -that, while there is a 
good deal of ore in the bin, it is necessary to place boys in the bins to. 
shovel ore down into the feeders, as sometimes it will not slide 
down of its own accord, through there being such a small outlet, 
whereas if the outlets from the bins be 4 ft. or 5 ft. ,Vide and 
tapered to 2 ft. where it leads into the feeders, the bins will almost, 
run empty by the mere gravitation of the ore. Thus you save a 
lot of labour and trouble. 

Amnlgamating Floo1"S.-In a good many mills we find that the 
supports of the floors rest on the sills, thus allowing the vibration 
of the sills to travel through the floors on which the· amalgamating 
tables stand. This is a mistake. The supports of the floor should 
be indcpenrlent of any sill or post, for an amalgamating table 
should be kept as steady as possible, the less vibration in the table 
the better. 

S1pP01·ts of the A mnlgamating Tnbles.-We find in most of the 
mills lately constructed that the tables have two supports, viz. a 
small trestle at the lower end of the table and two adjusting blocks, 
one on each side at the top end of the table, these blocks fitting 
and resting on the binder by which the kingpost and mortar piles 
are bolted together. This fixture is surely an eyesore to every 
millman, there being so much vibration in the binders that it is im
possible to prevent the tables from leaking. The packing between 
the copper and the lip of the mortar wears out in a day or two, and 
causes the table to leak at the top end continually, besides which 
the vibration in the tables is bad for amalgamation generally. At 
the Ferreira Deep I was obliged to have new supports put into the 
floors independent of the sills, and had a new set of trestles made 
with adjusting blocks for the top end of the table to rest on. 
These trestles I placed about 9 ins. away from the mortar, on the 
floor, which had then already been steadied, so that the trestles 
could not come in contact with the posts. The adjusting blocks on 
the binders, as above mentioned, I then did away with, and since 
then I have been able to get satisfaction out of the amalgamating 
tables, and have not been troubled with leakage. The bending of 
stems has a great deal to do with the distance between the top and 
bottom guide. The distance should not exceed 7 ft., for if it does, 
the heavy tappets we are using nowadays are bound to cause the. 
bending of almost every stem, the tappet~ being keyed on the stem 
a little below the top guide. To make.the shifting of tappets con
venient, the distance from cam floor to top of fingers should not, 
exceed 3 ft., as 3 ft. would suit both tall and short men. Coming: 
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MAY 1904J . Order of Drop of Stamps 

to the wear of the guide blocks, I quite agree with Mr Roskelley 
that the old-fashioned solid guides have not been beaten or 
equalled by any patent block. I have personally tried three 
different patent blocks, but have found that none of them could 
compare with the solid block. The blocks should be bored with ,a 
~-in. liner between the front and hind block, and started working 
with a i-in. liner, so as to allow an lin. play, enabling the stamp 
to work freely, and preventing it from running hot. The liners 
should be reduced in thickness in proportion to the wear of the 
blocks. If such precautions are carried out, the life of a solid 
block is from three to four years, provided, of course, that it is 
made out of good, hard, and sound wood. With regard to the 
fixing of cams on to the cam-shaft, 1 also agree with 1'111' Roskelley 
that to key up cams is a thing of the past, and that the Blanton 
patent requires a lot of beating. I can also recommend the 
Blanton corrugated shaft, as the shaft is so constructed that the 
cams can be run in any order preferred. If one order does not 
suit and give satisfaction, then a different order can be procured 
by changing the position of the cams, the shaft being so constructed 
as to allow the changes. The cams also come loose much easier 
when reversed and tapped with a hammer than those fastened with 
gibs, and which only allow for one order, unless they are re-bored 
and the gibs replaced. The order of drop plays a very important 
part in crushing, as one order will work out the mortar far more 
evenly than the other, as, for instance, the order 1, 3, 5, 2, 4. 
You will find that the mortar will always bank up in one end, and 
to prevent this the end stamp has to be given 1 in. extra in the 
height of the drop. The one stamp running at 1 in. extra' drop 
prevents a low feed, as it will cam at that unless four stamps are 
run at a very short drop, to allow for an extra 1 in. on the one 
stamp. Orders 1, 4, 2, 5, 3 and 2, 4, 1, 5, 3 give the same 
trouble, whereas order 1, 5, 2, 4, 3 works the mortar out evenly 
as desired. With this order one stamp does not require more 
drop than the other. The splash against the screen is regular, 
and, therefore, the waves on the plates are nice and even, and 
extend to the full width of the plates. A 12-ft. by 5-ft. plate is 
quite capable of treating 30 tons of sand per twenty-four hours, if 
looked after properly. Moreover, a plate should not have more nor 
less than a llin. fall per ft. Of all the feeders I have tried, I find 
the Challenge feeder to be the best and most reliable in the 
market, but it needs to be kept in good repair. 

The Number of C(t1Y!s to a Shaft. -Ten cams on one shaft is no 
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advantage, and causes a great deal of time to be lost unnecessarily, 
as, for instance, when you reverse a broken stem, put in a new 
stem, screw up bolts on the cam pulley, the adjustment of a clutch 
driving the cam-shaft, or the renewing of a cam. To execute all 
the foregoing repairs it is necessary to hang up ten stamps, whereas 
by having five cams to a shaft, only five would be required to be 
stopped for the necessary repairs, thereby saving a good deal of 
time. Another thing is, the short shafts have a longer life than 
the long ones. The long shaft, resting on three bearings, is very 
apt to get crystallised in the centre bearing, and sometimes it breaks 
after a short run, on account of the vibration ill the eud of the 
shaft opposite the pulley, the strain affecting the shaft in the centre 
bearing. The use of belt tighteners on belts driving cam-shafts 
can safely be done away with, and .Seymour clutches substituted, 
since a belt tightener on a cam-shaft can only be called a belt 
destroyer. The Ferreira Deep mill being fitted out with Seymour 
clutches, I find them to be a thorough success. The mill was 
started in May 1899, and the same sets of belts are running at 
the present day, and I think they will last at least another two 
years. If tighteners had been in use, I am sure that three sets 
of belts would have been worn out by now. The use of resin 011 

belts for friction purposes has a very bad effect on the belts, as it 
tears off the facing of the belt, and eventually spoils it. To 
procure the desired friction, a little thick castor oil shonld be 
applied to a belt when it shows signs of slipping. This gives the 
required friction, as well as acting as a preservative by keeping the 
belt moistened. . 

The Running of a Mill.-Taking speed first, my experience of the 
past has proved to me that speed is a very important factor in 
the life of a mill. Even if yon have the best of men attending to 
it, anf! the mill runs at too high a speed, she is bound to get 
shaky and cause endless breakages, whereby the life of the mill is 
considerably shortened. It is surprising to see what an effect an 
increase of 5 drops per minute over 95 has on the framework of 
a mill. It increases the vibration by fully 20 per cent., which is 
very detrimental to a mill. I therefore maintain that anything 
over 95 drops per minute with a 12.50·lb. stamp tends to no 
advantage, but rather to disadvantage. 1 find that with a 95 
speed an 8-in. drop and a 5-in. discharge the best crushing can be 
done, that is, if the following points an) attended to, viz. the 
shifting of tappets, feeding of ore, supply of water, and the 
slipping of belts. These all playa very important part in crush-
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ina a high duty per stamp. Taking the belt, for instance, saYr 
th~t a belt driving stamps slips at the rate of one drop per minuter 
which only a well-experienced man can detect, 14,400 drops will 
be lost in twenty-four hours, which is equal to one stamp being 
hung up for two hours and thirty-four minutes. 

Height of Drop.-Running at an 8-in. drop, the tappet is set at 
7i-in. drop, and when it runs up to 8t in., it is shifted back to 7 i-in. 
again; this gives an 8-in. average. Tappets should never be 
lowered more than ~ in. at a time, for an extra !-in. lowering for 
the sake of having a longer spell between the shifting of tappets. 
will make a vast difference in the crushing. As a proof, we will 
take a battery of five stamps lowered an extra! in. The best way 
of getting to the point. will be to add up the extra five ! ins. 
together. That will equal four stamps running at 8 ins. and one 
running at o! ins., which does 3 tons per day instead of 5. Before 
the tappets are shifted, the feed should be adjusted and cut as low 
as possible, which will enable the man shifting tappets to detect 
easily which stamp wants lowering or lifting up, as the case may be .. 

Water S1J,pply.-The feeding of water in the mortars requires 
frequent adjustment, in proportion to the grade of ore passing 
through, for it stands to reason that a load of fines passing through 
the mortar one hour requires a good deal more water than a load 
of coarse passing through the next hour. Therefore a close watch 
should be observed over the adjustment of the water-feed, as water 
used in excess would have the same bad effect on crushing a high 
duty as insufficient would have. In the former case the stamps 
will be playing in a mortar full of water, and, consequently, there 
is no room for a regular splash against the screen. In the latter 
case there is not sufficient water to wash the crushed sand out of the 
mortar, besides being insufficient to keep the plates clear of sands. 
'Vater should be so adjusted that there is just sufficient passing 
through the mortar to prevent any sands settling on the plates. 
That is all that is required for crushing purposes. The best way 
of feeding water into the mortar is to arrange the service as to 
discharge in the back chute where the ore is fed, the water thus 
helping to keep the chute clean. The coarseness of the ore coming 
from the crushers in many cases prevents a high duty per stamp 
in the mill, that is, when the ore exceeds 2-in. cubes. Therefore 
a close watch should be kept on the crushers, in order to prevent 
coarser rock being shipped to the mill. This is the case in many 
instances; yet, despite this, the mill is expected to perform a high 
duty, the crushing being looked upon as of minor importance. 
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Height of DischaTge.--ThiR should not exceed .5 ins. one way or 
the other. It will be found that when running at a low feed there 
is always from 3 to 4 ins. of sand on the dies; therefore, by having 
anything below a 5-in. discharge, the un crushed sands have a 
tendency to bank up against the lower part of the screen and there
by cause it to clog and become a hilldrance by preventing the 
crushed sands escaping freely. Again, shonld the discharge 
exceed 5 ins., it will be too high, and the cause of sliming. It also 
tends to reduce the duty per stamp in crushing. 'With the above 
methods and precautions, I have obtained the best results in crushing 
at the Ferreira Deep battery, this being over a period of twelve 
months. Our duty per stamp per twenty-four hours worked out at 
5259 tons with a lOOO-mesh screen. 

Mr Roskelley advocates a discharge not exceeding 2-} ins., and 
says that anything over 2~ ins. will cause sliming. I must admit 
that Mr Roskelley, in his experience, beats mine of the past sixteen 
years, for I have always found it impossible to run with success 
anything below a 5-in. discharge. He also states that at the 
Robinson Deep battery the following results were obtained with a 
lOOO-mesh screen and a 2t-in. discharge, viz. duty per stamp per 
twenty-four hours, 5'06 tons; per cent. of slimes, 35'3. At thc 
Ferreira Deep the following results were obtained with a lOOO-mesh 
screen and a 5-in. discharge over a period of twelve months ended 
Decem ber 1903; Duty per stamp per twenty-four hours, 5'259 
tons; per cent. of slimes, 28'199. I therefore contend that a 5-ill. 
discharge can be adopted with greater success than a 2-k-in., taking 
the above figures into consideration. 

Amalgamation.-Inside amalgamation is very much preferred for 
many reasons. In the first place, when a plate is dressed properly 
and a little mercury fed in the mortar every hour, the quantity 
being in proportion to the value of the ore passing through the 
mortar, the place can always be kept in a thoroughly good condit,ion 
by being examined every two hours. Thus the amalgamator is 
,enabled to regulate the feed of mercury in the mortar when a 
.change in the value of the ore occurs, either by increasing the feed 
of mercury or reducing it, as the case may be. Inside coppers are 
not desired for many reasons. In the first place, too many loose 
pieces of amalgam are knocking about when a screen is changed, 
or when shoes and dies are being renewed. It, therefore, becomes 
tempting to men and boys working in the'mill. Another reason 
,,,hy inside copper should not be used is that the amalgam caught is 
,of very low grade, on account of the large percentage of iron that 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



:MAY 1904] Dressing A malgamatiolt P fates 43 1 

amalgamates on them. A plate is in the best condition when, after 
some considerable use, it is covered with a thin coat of hard 
amalgam. After attaining such a state and being worked properly, 
a high percentage extraction may be looked for. Plates should be 
dressed every eight hours, and brushed up once between the 
dressing intervals, with a soft hair-brush, thereby providing the 
plate wit4 a nice, clean surface every four hours. The black sands 
or concentrates, as they may 1re termed, so brushed up should be 
taken off the plates and treated by a ball mill. The best method 
of dressing a plate is as follows: First scrape the amalgam loose at 
the top end of the plate and apply a little sand and a few drops of 
mercury, after which, scour with an American broom, from which 
the front part has been cut off. The plate should be scoured until 
there is produced a pasty surface, great care being taken that too 
much mercury is not applied whilst dressing, as a little mercury in 
excess causes the plate to take a bad condition, and gives truuble 
by the mercury showing up in drops at the lower end, which can 
only be put right at the next dressing. ·When a plate is dressed 
properly, it has the appearance of a very dull mirror, or, rather, of 
frosted glass. ·When it has a very bright appearance, it is a sign 
that cyanide has been applied. I will refer to the cyanide later 
Oil. 

Outside amalgamation is not desirable, for two reasons, as 
mercury has to be applied to the plate at the lip of the mortar at 
intervals, say, every hour, or otherwise sufficient mercury applied 
to the plate when dressed, so as to provide sufficient mcrcury to 
carryover from the first dressing to the second. In the former 
case it will be found that, when the mercury is applied at the lip 
of the mortar whilst the stamps are at work, the splash forces the 
mercury down the plate, where it shows up in drops in the middle, 
causing the top end of the plate to run hard and dry. In the 
latter case sufficient mercury has to be applied to the plate, when 
dressing, to carryover to the next dressing. ·When this is done, 
the mercury sags at the lower end of the plate and shows up in 
the shape of tears. Then, should a sudden increase in the value of 
the ore occur, the upper part of the plate will run dry and not catch 
its due proportion, or, again, should an unexpected decrease in the 
value of the ore take place, then the plate will remain wet from one 
dressing to the other. It is very seldom that a plate is found 
without drops of mercury on it when outside amalgamation is 
applied. By feeding the mercury in the mortar, it works out 
gradually, and, being partly amalgamated when it passes through 
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the screen, it settles close to the lip of the mortar directly it strikes 
the plates, the splash not having the same effect on it as it has on 
mercury fed outside the mortar. 

Mr Roskellcy, in his paper, condemns inside amalgamation, or, 
rather, the feeding of mercury in the mortars for the following 
reasons: The loss of mercury, the loss of amalgam in beads, the 
settling of amalgam on blanketing attached to screens, and, lastly, 
because no reliable sample can be obtained at t.he lip of the mortar. 
I must admit that the loss of mercury at the Robinson Deep mill is 
rather low, but Mr Roskelley did not state whether the figures were 
taken from one or more particularly favourable months, neither did 
he mention anything in connection with the percentage of gold 
extracted by the Robinson Deep method whilst passing through 
the mill, namely, outside amalgamation purely and simply. I will 
here give a few figures of the results obtained at the Ferreira Deep 
mill over a period of twelve months ended 1903: Loss of mercury 
per ounce of fine 'gold recovered, 0'349 or 0'159 per ton crushed, 
that is, the mercury lost in the mill and in retorting; fine gold 
recovered in the mill, 65'5 per cent. These results were obt.ained 
by inside amalgamation. 

The Loss oj Amalgam in Beads.-To prevent this, the chuck-block 
and lip of the mortar should be brushed clean whenever the plates 
are cleaned or dressed. If that is done, amalgamators will not be 
troubled much with loose beads, because, if any escape, they will 
settle in the ripple or mercury trap fixed at the lower end of the 
plate. 

Amalgam settling on Blanketing attached to Sc1'een Fmmes.-I have 
no idea how this blanketing is fixed to the frame, as I have never 
used any. I really cannot see the need for it. 'Vith regard to the 
question whether a reliable sample of the ore can be obtained or 
not, when the mercury is fed into the boxes, I maintain that a 
reliable sample can be obtained, if carefully taken. I will give the 
results obtained at the Ferriera Deep over a period of twelve 
months. I will first describe our method of sampling. 'Ve take a 
sample from the lip of the mortar every hour with a tray 5 ft. long 
by 8 ins. wide, and tapered from 1 in. to 4 ins. deep, made of 20-
gauge steel. The sample is taken quickly, so that a sample taken 
from one mortar measures a pint more or less at a time. The 
samples are assayed every twenty-four hours. The tailing sample 
is taken outside the mill by an automatic sampler, adjusted so that 
one sample is taken every hour. I must say that the amalgam 
caught inside the mortars is cleaned separately, and the percentage 
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of the same is added to the screen sample taken, whereby we are 
enabled to get at the exact value of the ore passing through the 
mortars. I will now give the results of the sampling for the twelve 
months ended December 1903:-

Tons milled, 102,305; average screen sample, 13'865 dwts. ; fine 
gold, 70,923'367 ozs.; recovered from all sources, 67,688'888 ozs.; 
residues, as per assay; concentrates, 835'191 ozs.; sands, :H72·600 
ozs.; slimes, 604'386 ozs.; total, 3612'177 ozs.; grand total, 
71,301'65. 

It will, therefore, be noted that there is only a small difference 
of O'Oi 4 dwt. on the assay value and our recovery, which I consider 
to be extremely satisfactory over a twelve months' run. 

The Use of Cyanide in a lIIill.-Millmen differ a great deal on this 
subject, some thinking that the application of cyanide, when dress
ing plates, to be of great value, whilst others think the opposite. 
I, personally, am of opinion that the daily use of cyanide on the plates 
serves no useful purpose, as it does not improve a plate, but tends 
to harden it. The softer a plate can be kept, the better it is for 
amalgamation. It is true that when cyanide is applied, it puts a 
bright and reflective appearance on the plates, but that is what I 
do not like, as, when cyanide has been applied, the plate will simply 
require a little rubbing with a rag to produce that bright appearance, 
and yet the plate will be in far from good condition for amalgamat
ing in a perfect manner. For these reasons I consider that cyanide 
should not be used, and if it has been, the plate should be scoured 
until it produces the desired pasty surface. Cyanide is only re
quired in a few exceptional cases, viz. for the settling of new plates 
and in cases where grease or oil appears upon the surface of the 
plates. I never use cyanide in a mill, except in the case before 
mentioned. It will be found that where much cyanide is used in a 
mill, the lower end of the plates have a greenish appearance. With 
regard to the question whether screening is a controlling factor, I 
do not think that the subject requires much argument, for any 
man, with any milling experience at all, knows that the mesh of 
screening is a controlling factor, for any mill crushing with a 1000-
mesh screen and crushing 5 tons per stamp will do 5'0 tons with a 
600-mesh screen if run on the same lines. Mr Alexander, in his 
paper, stated that the mesh of screening is not a controlling factor, 
but I think he was simply fishing on dry land, for, I am sure, he 
knows better. A great drawback in some of the mills on the Rand 
is the fact that they are short-handed. Having passed through all 
the different stages of milling myself, I have come to the conclusion 
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that an amalgamator, his assistant, and two boys, cannot run 
successfully more than 60 stamps. Should the number of stamps 
exceed 60, something is sure to suffer in the mill, either the amalga
mating, crushing, or in the necessitating of general repairs. Again, 
should the above complement fail to run 60 stamps, it is. for the 
want of competency on the part of the amalgamator and his 
assistant. 

Mr W. Beaver-Mr Roskelley's complaint, lack of space at the 
end of the mill and cam floor, is a very real one, and invariably felt 
by millmen, when repairing breakages, it undoubtedly taking double 
the time than it otherwise would if more space were allowed us. I 
would like to draw Mr Roskelley's attention to the bolts holding 
down the centre kingposts. That important item he seems to have 
overlooked. In most mills these are placed below the level of the 
tables, causing a considerable amount of inconvenience and un
necessary waste of time and labour by haying tc? remove the tables 
before being able to tighten them. These bolts should be lengthened 
to bring them well above the level of the tables, thereby doing 
away with a stoppage. 

Another slight alteration is worth the mill constructor's con
sideration, that is, an additional piece of timber running from top 
of kingpost to ore bin at an angle of about 45° would diminish the 
vibration somewhat, therefore increasing the life of the kingpost, 
which, as Mr Roskelley implied, is the principal portion of the 
woodwork. I, like many others, quite agree with Mr Roskelley that 
there is room for improvement in the class of ore delivered to the 
mill. I can see bJlt one remedy for that-mill managers to' have 
control of the c~ushing plant, which, I believe, is the custom on 
some mines. 

I would like to ask if some arrangement could not be made to 
lessen ~he amount of iron and other rubbish usually sent to the mill. 
By iron I mean hammer heads and pieces of rock drills. A lot of 
time is lost removing this from the dies; besides, I feel sure, it is 
often the cause of a stem breaking. Other rubbish, such as wood, 
rags, and pieces of candles, choke the' screens, which then require 
double the brushing that they otherwise would to keep the mesh 
clear. In some cases a fresh screen must be put in long before it 
has done the duty required of it. I do not agree with Mr Roskelley 
that it is impossible to regulate the weight of stamps, that is, the 
striking power of the stamps, which amounts to the same thing. If 
we have in a box four stamps, each weighing 1250 Ibs., one 
weighing 1050 Ibs., it is merely a matter of giving the 1050 stamp 
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a little more drop, which then gives each of the five stamps an equal 
.crushing capacity. Should a stamp be too light to be regulated in 
this manner, it should be removed the first opportunity. It seems 
to me an easy matter to judge if the stamps in a box have or have 
not the same velocity, which is, in my opinion, what is necessary 
for good crushing, not giving the stamps an equal length to drop. 

The discharge is, I think, a difficult thing to decide about without 
thorough experiment. To keep a 2-in .. discharge throughout the 
life of the dies means that an extra set of false bottoms have to be 
put in, also several heights of chuck-blocks used. To commence 
with a new set of dies, a chuck-block about 4 ins. high is required. 
Now, that increases the distance between the stamps and the screen, 
which must naturally lessen the force of the splash, therefore 
lessening the chances of the crushed pulp being discharged. On 
the other hand, if extra false bottoms are dispensed with, new dies 
come to about a level with the mortar box, as they wear, the 
higher the discharge becomes, terminating with about a 4-in. 
discharge. Now, the question is, which is the best method 1 

I see that Mr Roskelley does not see how it can make much 
.difference to the rate of crushing whether the water be introduced 
at the top or bottom of the box. I can assure Mr Roskelley that 
water introduced at the bottom of the box makes a big difference. 
It was tried at the Rose Deep, the trial covering several months. 
Mr Pitt, of the Rose Deep, might oblige us with the figures of that 
trial. It would convince Mr Roskelley, as well as other doubtful 
members. 

The advantages in the use of cyanide for the plates are many, no 
doubt, but it is not absolutely necessary for good amalgamation. 
Personally, I do not use it, for there is always the danger of it 
getting away, even though a trough be used. Accidents will 
happen. Elbow grease, I find, has a better staying power than 
.cyanide. I would like to ask Mr Roskelley if he has assayed the 
solution after it has been used, and what amount of gold it contains. 

Mr P. Carter-While Mr Roskelley's most interesting paper 
·on the subject of milling is before the Society, it occurred to me 
that the following notes on the subject of shaking amalgamating 
plates, in use at the Ferreira Gold Mining Co., might be of some 
interest, especially as Mr Roskelley, in his paper, does not seem to 
approve of the use of secondary plates in the mill. 

Concentrating by frue vanners on the Ferreira was discontinued 
in July 1903, and- an experiment was made of putting some old 
plates in the vanner frames and passing the pulp, after leaving the 
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ordinary plates over these shaking plates, which have a shaking 
lateral motion of 190 strokes per minute. The pulp from each five 
stamps is passed over one of these shaking plates. Each plate has 
a distributing box at the top end, through which the pulp flows. 
The plate has a working surface of 11 ft. by 4 ft. 6 ins., and a fall 
of 4 ins. in 12 ft. After a three months' trial with six of these 
'plates, a return of an average of 15'05 ozs. of fine gold per plate 
per month was obtained. About two-thirds of the gold was 
obtained from "black sands," and the balance from scouring the 
plates once a month. The average grade of the rock milled during 
this period was 15'75 dwts., and the average extraction in the mill 
off the ordinary plates was 58'5 per cent. 

At present we have ten of these shaking plates running, and we 
are adding two more per month until the whole 24 for 120 stamps 
are in. This will make a total of 48 plates for a 120-stamp mill. 
At present one white man and two boys attend to these plates. 
The plates are rubbed up twice in the shift, but when the full 
num ber are in, there will be two shifts, so that the plates will be 
rubbed up four times in twenty-four hours. 

It is estimated it will cost £200 per month to run the 24 plates, 
so if the same grade of rock is maintained, we expect to make an 
additional profit of £1000 per month in the mill. 

Working on the principle that the mill, besides being a crushing 
machine, is also the place to catch all the gold possible, as with the 
test practice 80 per cent. of the gold leaving the mill is recovered, 
I think the addition of the" shaking plate" will pay all right. 

Mr H. R. S. Wilkes-Mr Roskelley's paper deserves special' 
recognition, if only because it is the first one on this subject which 
has been read before our Society by a bona-fide battery man. 

I take it that the paper has been written, not so much to increase 
our knowledge of milling, as to excite discussion, and unearth, if 
possible, some of the improvements which, of course, have been 
introduced during the last ten years, but which seem to be so 
jealously guarded by millmen, that we outsiders are quite unable 
to discover them. 

The alterations suggested by Mr Roskelley in mill construction, 
under pars. 1 and 2, p. 405, have surely been introduced into all 
lately erected mills, though in the matter of internal transport of 
heavy material much room for improvement still exists. However, 
at least one mill on the Rand has insta.Hed a system, which, com
pared to old methods, may also be looked upon as perfect. 

With regard to par. 3, I should like to ask if there is a mill, less 
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than six years old, on these fields (I am not speaking of little 10 or 
20-stamp plants on outside properties) which is not equipped with 
the Blanton cam. 

It is by no means certain which of the two types of this pam is 
the better, that with the gun-metal, tapered bush, or that with the 
ten bevels on the shaft; but surely no mill which has any pretension 
to up-to-dateness is still fitted with keyed cams. 

The newest type of the Blanton cam (i.e. the ten bevel shaft) is 
shown in the catalogue of a well-known firm of mining machinery 
makers for the year 1900, and I wonder how many millmen on the 
Rand would plead guilty to the soft impeachment of not being 
acquainted with this method of cam fixing. 

Mr Roskelley's point, that in case of breakage stamps have to be 
hung up an unnecessarily long time, cannot possibly apply to an 
up-to-date mill, which would naturally have at least one cam-shaft 
fully fitted and waiting to be mounted immediately a breakage 
occurred; and this would be the case whether keyed or Blanton 
cams were in use. 

With Mr Roskelley's condemnation of the ten-cammed shaft I 
am quite in accord, as I am with any arrangement which tends to 
keep the mill running its maximum time, such as the removal of 
the amalgamating tables from the mill shed, complete and regularly 
kept up sets of spares, and the numberless little appliances known 
to millmen, which make for speedy working. 

When, however, Mr Roskelley states that no real improvement 
has yet been made on the Challenge feeder, I feel that he has been 
singularly unfortunate in the selection of improvements which he 
has seen at work. I know of several mills where the brake wheel 
and three pawls, which he infers in his remarks to be, at least, 
undesirable, not forgetting the three pawl shocs, the three pawl 
springs, and the three pawl spring studs, have all been completely 
done away with, with the result that these mills have been run at 
infinitely less cost and trouble (that is, for feeding) than ever they 
were before. 

A discussion with a well-known battery manager on this subject 
elicited from him as a final and clinching argument in favour of the 
old-fashioned Challenge feeder, "that he did not believe in making 
the work too easy for his men, as they were apt to get lazy." I felt 
that further discussion was too obviously futile. 

I am glad to find myself agreeing with Mr Roskelley in his 
preference for three-keyed tappets, but I should like to ask him if 
it is possible that any maker supplies tappets which are not at 
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least }2 of an inch larger in bore than the diameter of the stems 
supplied with them, and, if so, why in the name of commonsense, 
does not the battery manager immediately bundle them back 
again 1 

The suggested improvement in heads, namely, t.he axial hole· 
through them for the purpose of driving out a broken stem, is a 
good one, but by no means new, it having been in use for a con
siderable time in conjunction with a hydraulic ram for this express 
purpose, proving a complete success, and quite doing away with the; 
use of devastating dynamite. 

On the subject of fines in sorting, Mr Roskelley speaks of pieces. 
of .ore weighing over 14 Ibs. passing the grizzly. I can only say 
that with the hauling gear invariably stopped on a Sunday, the 
resident engineer must be fearfully pushed fqr time and men to· 
permit his grizzlies to get into such a condition. 

With regard to the speed of the mill, that is, the number of drops 
per stamp per minute, this, in my opinion, should most certainly be 
governed by the hardness of the ore. The speed should be arranged 
with respect to the drop, in such time that immediately the stamp 
has fallen, the next cam should begin to lift it. Such a thing as 
allowing a stamp to make a second blow from its rebound 
(commonly called by millmen "dancing") should be quite unknown 
in well~run mills. 

This is a point which has been most fully and scientifically 
demonstrated in a paper communicated to the London Institute of 
Mining and Metallurgy on January 17, 1900, by Messrs Morison 
and Bremner. 

On the use of 'cyanide in a mill I agree with Mr Roskelley that I 
never met a millman worthy of the name who did not advocate it, 
but I must also add that I have never met a cyanide man who had 
properly considered the subject who had any objection to the 
correct and sparing use of cyanide in a mill. I am not considering 
the use of it as carried out by the unthinking millman, who places. 
a shovelful of the chemical into a 2·gallon bucket, and makes 
that quantity dress, say, two tables j I am assuming that the mill
man uses about the quantity mentioned by Mr Roskelley, which is 
practically a 0'3 per cent. solution. In twenty·four hours, using this 
strength of solution on a 50-stamp mill, 48 gallons only (not tons) of 
a 0'3 per cent. solution of cyanide will, if/allowed to flow into the 
water service, be mixed with 1625 or more tons of water. Does 
Mr Roskelley or any cyanide man mean to t.ell us that this strength 
of solution will interfere 111 the slightest degree with work in the 
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cyanide works, or that it dissolves the smallest appreciable amount 
of gold during the time it is in contact with the pulp 1 Frankly, I 
do not think such a point worthy of consideration. 

Mr Roskelley's plan, which he advocates as a means of catching 
this cyanide wash, will, however, fulfil a much more important duty, 
which is to catch all loosened black sand and amalgam disturbed by 
the dressing and missed by the final brushing, and which is, at 
present, so often allowed to be carried away to the cyanide works 
by the first flow of water turned on when dressing is over. 

Mr Roskelley quotes as an objection to the use of cyanide that 
it dissolves gold on the plates. 

This I hardly think it can do as gold, though it is possible that it 
may dissolve a little amalgam. However, as the solution is only a 
0'3 per cent. one, and only remains in contact with the plates for at 
most five minutes, surely the amount must be absolutely negligiblc. 

A second objection which he raises is that it interferes with the 
pulp after leaving the mill. I must confess that I should like to 
know in what way 1 

With regard to the advantages mentioned by Mr Roskelley, Nos. 
I and 2 would appear to amount to the same thing, namely, that 
cyanide dissolves the metallic oxides which form on the surface of 
the tables, and so cleans and" quickens" the mercury, thus greatly 
improving its amalgamating power. 

It comes as a surprise to me to hear that cyanide is a grease re
mover, while the mystcrious " other foreign matter" is, I am afraid, 
too vague a description for me to be in a position to discuss. 

Another, and final, point on which I am glad to find my own 
ideas agreeing with those of Mr Roskelley is that no mercury or 
amalgam ~hould be allowed to leave the mill by the way of the 
tailings launders. Absolutely correct! Still, I venture to say 
that from no gold mill on the Rand-nay, in the world-is there no 
escape of mercury and amalgam, and, as a witness, I would call the 
long-suffering cyanide shiftsman, who runs the risk, two or three 
times a mouth, of salivation during the calcination of his zinc-gold 
slimes. 

The millman who knows how to prevent the departure of mercury 
and amalgam by way of the launders should have a rosy future 
before him. 

Mr H. T. Pitt-Mill Construction.-In Mr Roskelley's paper he 
says that timber should be well seasoned, to prevent shrinking. 
Quite right j but there is another reason why kingposts get twisted 
and pulled out of place, and that is the faulty method of bolting 
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the kingposts on to the mill bins. This is a mistake, as the bins, 
no matter how well put up, invariably shift a little and pull the 
kingposts out of place, which necessitates the queenposts being 
'packed out to plumb up the stamps. Kingposts should be stayed 
independently, and not depend on shifting ore bins for support. 

I do not agree with Mr Roskelley when he advocates going back 
to the old-fashioned arrangement of having 5 stamps on a shaft, 
as I am sure that 10 stamps on a shaft with one driving pulley is 
not only more economical in construction and takes less space, but 
it is in many ways more advantageous and much cheaper in main
tenance costs. 

The disadvantages, A and B, advanced by Mr Roskelley in 
support of his statement in favour of 5 stamps, are not so great as 
to necessitate reverting back to the old 5 stamps per shaft arrange
ment" for the following reasons ;-

At present the full 10 stamps are not held up for any repairs or 
stoppages to 5 stamps (on the same shaft), as in all cases 5 stamps 
are kept going, excepting in the case of a broken cam·shaft-re
pairs to cam-shaft pulley and lacing the belt. Again, these stoppages 
are more than balanced by the stoppages which would be caused 
by having 5 stamps per shaft. There would be an extra belt 
to lace, an extra pulley and clutch or tightener to keep in 
repair, besides extra cost to construction and maintenance. 
Further, the batteries which are constructed back to back have not 
got room for 4 pulleys per 20 stamps. 

Rock for Crushing.-I agree with Mr Roskelley-the rock sent to 
the mill should not be more than 2 ins. cube in size. I have 
often had rock come into the mill too coarse to pass through the 
mortar box feed chutes without continually choking them. This 
is very detrimental to regular and fast crushing, and causes stems 
to break. 

Feeders.-The feeding arrangements of the Challenge feeders are 
hard to beat for wet or dry rock, but the pawl and brake wheel 
driving gear is too expensive, and has too many wearing parts, 
which continually need renewing. A good improvement on these is 
Mr Smart's feed gear. I have one working in the Rose Deep mill, 
which is very simple, and requires little attention besides costing 
less to maintain and keep in good order. 

Heads.-Using dynamite is unsafe, and is not-an economical way 
of clearing head of stem ends,and I never/use it. I always have 
them drifted out with a st.eam hammer and drift. What these will 
not shift,nothing will, without splitting heads, and this only happens 
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when the stem has been allowed to drive itself home in the head 
and get riveted at the end. This seldom happens if the stems are 
correct fit for the heads. 

Crushing and Screening.-I should advocate the mesh which suits 
the particular rock that is being crushed (at t.he Rose Deep I have 
had as low residues with 500 light as I have with 800 light), and 
,concentrate about 12 per cent. of the coarse sands and concentrates 
and regrind same through tube mill (as at the Glen Deep). I have 
no doubt that this method will also reduce the residues at the 
,cyanide works, as amalgam and encased gold is set free and caught 
,on tables at the end of tube mill. 

After having sufficient weight in stamps, length of drop, and 
number of drops per minute to crush the rock, the screen is certainly 
the most important factor governing crushing. As to which is the 
best mesh of screening to use, to suit both fast crushing and gold 
recovery, is still an open question, but there is no doubt in my 
mind that a screen 54 ins. by 24 ins. will put through more rock 
than a screen 54 ins. by 12 ins. will (gross measurement). Net 
measurement would be 52 ins. by 22 ins. and 52 ins. by 10 ins. 

At the Rose Deep I tried 5 stamps with screens 500 mesh,54 ins. 
by 24 ins., against 5 stamps with screens 54 ins. by 12 ins. The 
tonnages of each were measured and the stoppages properly booked. 
The 54 ins. by 24 ins. screen consistently let through 0'25 ton of 
pulp more per stamp than the 54 ins. by 12 ins. screen, all other 
,conditions being even. 

I have also the following. results from three months' run at the 
Rose Deep mill :-

February.-135 stamps ran 28'925 days, crushing 19,881 tons= 
,5'091 tons per stamp per twenty-four hours. Screening used = 
700 light, 54 ins. by 24 ins. (gross ,measurement). 

March.-145 stamps ran 30'40 days, crushing 22,089 tons= 
.5'011 tons per stamp per twenty-four hours. Screening used = 700 
light, 54 ins. by 24 ins. 

April.-lM stamps ran 29'697 days, crushing 22,174 tons = 4'817 
,tons per stamp per twenty-four hours. Screening used = 700 light, 
,5! ins. by 12 ins. 

I am convinced by the above results that in actual practice a 54 
ins. by 24 ins. screen will crush 0'2 ton more per stamp per twenty- . 
four hours than a screen 54 ins. by 12 ins. will, both being 700 
mesh. -

To verify this point on a small scale, put in a 24-in. screen, 
measure off 12. ins. from lip of mortar box, place a tray above the 
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12 ins., and it will be seen how soon the tray fills with pulp, splashed 
through above the 12-in. mark. With the usual screen board above
a 12-in. screen, the splash falls back into the mortar box. 

Order of Drop, etc.-I get the best and most effective splash with 
order of drop 1, 3, 5, 2, 4, 8·in. drop, and 98 drops per minute,. 
with average weight of stamps at 1200 Ibs. 

Discharge.-A level discharge can be maintained throughout by 
putting three false bottoms into mortar boxes and thereby raising 
the dies up and using different sized chuck·blocks, which can be· 
removed as the die wears. This I have found in actual practice 
answers well, though I think that shallow mortar boxes, with 
anvil base, would work better than packing up with false bottoms. 

fVater Supply.-As a -result of experiments which I carried out 
at the Rose Deep before the war, I have found that the most effective· 
way to feed water is through five k-in. holes along the back of mortar 
boxes level with feed chute, with nozzles of water pipes pointing 
so as to discharge water on the back end of dies. This will send all 
slimes and fines from mine (not needing crushing) straight to the' 
screens, and will be discharged with splash, caused by stamps 
dropping. 

To regulate the flow of water, with service arranged as above, 
the nozzles fixed in boxes can be connected with 3-in. pipes led off 
from main water supply pipes, with short lengths of hose piping 
1 to 2 ft. long. One valve on 3·in. pipe will open water to the hose 
pipes. On each of these have a wooden clamp; with these clamps 
the rate of flow can be regulated and will not in any way be 
affected by vibration, as is the case with valves or plug cocks. 

Use of Cyanide in Mills.-Cyanide should not, on any account, be 
used in a mill, except in setting new plates; it is not needed. I 
keep my plates in good order. without it. It is very risky for 
amalgamators to use it ill any shape or form, especially where a 
plant has only a small body of water, which circulates through the 
mill once or twice daily. It only takes traces of cyanide in the 
mill water to rob the mill of free gold when passed through mortar 
boxes with freshly crushed pulp. 

Cyanide very quickly puts op. a clean mercury surface to the 
plates, but it is only temporary. I prefer a pasty surface worked up 
by "elbow grease" and a little caustic soda. It is quite safe, i! not· 
so quick and easy, for the amalgamators. 

Amalgamation.-I have found outside amalgamation the best and 
safest. I dress plates every four hours, feed mercury when dressing, 
if necessary, scour and brush up plates, and keep them in a frosted 
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pasty condition. As soon as stamps are hung up, I shut off water 
and collect the black sands and lock it up for barrel treatment. 

With outside amalgamation you get your gold daily, and know 
exactly what is going on. With inside amalgamation you are 
always working in the dark, and the amalgam gets anywhere. 

Traps.-I notice that Mr Roskelley has not said anything in his 
paper about amalgam and mercury traps. These are most important, 
and are worth any amount of attention, as a large percentage of the 
mercury and the amalgam recovered comes from the traps. I 
belieye in haying as many as possible. No matter how many you 
haye, the one at the tail end still returns a small quantity of 
amalgam and mercury, which all helps to bring up the profit& 
a little. 

Mill Sampling.-As correct sampling ill a mill is such an 
important matter in connection with milling and gold recovery by 
amalgamation or otherwise, it is surprising that so little has been 
done up to the present to obtain an absolutely correct, automatically 
taken, screen sample. 

I do not think that I am wrong in stating that it is utterly 
impossible to get a correct screen sample under the present. 
conditions in vogue in the majority of mills on the Rand. 

'With a view to raising discussion on this (to mill manager& 
especially) most important subject, and thereby induce mill 
managers and others interested in the recovery of gold to offer 
suggestions which may lead to some improvement on the present 
system of using the long or short scoop, which, no matter how 
carefully handled, can never take a correct sample of the pulp being 
discharged from the screens, because a considerable amount of pulp 
will always hug the lip of the mortar boxes, and, consequently, 
cannot be caught in the sampling tin or scoop. 

Having thoroughly satisfied myself that there is no other way 
out of the difficulty, I would suggest the following :-

That the plates be removed from the mortar boxes and have the 
screen sample taken by a reliable automatic sampler, which would 
travel through the stream and take a fair sample, which would 
be more satisfactory to mill managers and their employers, and 
certainly there would not be so much difference between theoretical 
and actual extractions, as at present. 

I am sure that my suggestion will have considerable opposition 
on account of the cost; but when one takes into consideration the 
many other advantages to milling in general, besides correct 
sampling, it is astonishing that batteries continue to be designed 
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and arranged in the same old antiquated style, with comparatively 
no improvement in the mill gold recovery department. 

Some of the many advantages (outside of mill sampling) to be 
gained by removing the plates from the mortar boxes are as 
follows :-

1st. The space at present taken up by the tables can be utilised 
in the following manner: The first 4 ft. for a worl~ing platform to 
be used when changing shoes, dies, stamp heads, screens, etc.; the 
second 4 ft. for a series of gravel catchers, from whence gravel 
from broken screens can be returned to the mortar boxes; the 
remaining 3 ft. can be used for launders carrying pulp to the 
automatic sampler, thence to the plates. 

2nd. The plates can be put side by side in an extension of the 
present mill sheds and railed or roomed off from the rest of the mill. 

3rd. The plates being removed from the mechanical part of the 
mill, such things as grease spots, dents in the plates through 
dropping bolts, hammers, etc., and the dislodging of amalgam by 
accidentally or carelessly stepping on the plates, will be prevented. 

4th. The plates being fed from launders, no stamps need be hung 
up while scraping or dressing is in progress, as by having one 
spare plate to take the pulp from five stamps while earh plate is 
being scraped or dressed in succession, the stoppages of batteries 
that would be avoided by this method would be considerable, and 
the amalgamators would not need to rush the scrape or the 
dressing of plates in order to get the stamps going again, as at 
present, thereby sacrificing the interests of good amalgamation. 

5th. The plates being roomed off, they can be kept under lock 
and key, the amalgamators and assistant amalgamators only being 
,allowed to, have the keys, so as to enable them to enter to scrape 
or dress the plates when necessary. 

6th. The plates and traps being concentrated ill the mill extractor 
house or plate room, the chance for pilfering by natives will be 
practically done away with, or, at least, considerably minimised. 

Considerable difficulty and expense will, no doubt, be experienced 
in re-arranging the present mills, as I have suggested, but most 
mills which have sufficient fall can do so at a comparatively 
inconsiderable cost by building a lean-to to the present mill sheds. 
The cost in extra building would not be much, although to 
re-arrange the plates would be expensive. !Iowever, in any case I 
am certain that it will be an improvement to remove the plates 
from the mortar boxes if only far enough to put in automatic screen 
samplers., 
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Under the present unsatisfactory system of screen sampling. 
mill managers are called upon at times to account for much more 
or much less gold than was received in the mill, more often than. 
not, the former. 

'V orking under these conditions is most unsatisfactory, and it is 
high time that the mill managers bestir themselves and agitate for 
reliable automatic samplers; and I think it is the duty of their 
employers to see that they get them, not only in the cause of 
correct work and for their own satisfaction, but in the cause of 
justice to their mill managers. 

If this will be the means of raising a discussion which will lead 
to reliable automatic samplers being put in to sample the pulp from 
mill screens, it will have served the purpose for which it was. 
written. 

In the meantime, with the permission of our worthy President,. 
I will crawl back into my shell, or, rather, mortar box, and await 
the result through a 500-mesh screen, for fear that I expect, or 
have asked for, too much. 

Mr D. E. Powrie-Before making any comment on this papcr, I 
wish to take exception at a remark passed by our worthy President, 
i.e. "I think it will be a slur on those members we have, who 
work in the battery, if they cannot also contribute some informa
tion on the su bj ect." vVe are not all gifted "with the set phrasc 
of peace," nor with the ability to commit to paper that which is 
known to many, and, I may add, that it is with reluctance I do 
enter the arena. . 

Mills.-Our mills could certainly be improved upon in having an 
extra crawl over cam platform to cope with any breakage of cam
shafts, pulleys, etc., but why have the extra gear at the ends of 
the mill, when a door could be knocked through to admit of the 
broken parts being taken to the shops 1 I think the cost would be 
considerably less. 

Cams, etc.-I should like to ask Mr Roskelley if he ever had to 
heat a Blanton cam to get it off, or if he has had to give them a 
sufficiently hard tap;or, shall I say blow, to break the cam before 
getting it off ~ I should also be glad if he could furnish us with 
the cost of a set of five Blanton wedges. I have also known 
manton wedges to shear the dowels off and cause the cam to slip 
on the shaft. 

Running ten cams on a shaft is not an improvement on the old 
style of five cams to shaft, but Mr Roskelley has omitted to 
mention the extra cost of another line shaft, pulleys, etc., and 
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power to drive same. To run five cams to a shaft would 
necessitate the remodelling of the whole mill, if to be practised in 
a single, line-shafted mill, so as to admit of each five being driven 
off a pulley on the shaft immediately behind the mortar box on 
the opposite side of the mill. A 'serious objection to this plan 
would be the thrust of both mills iri the direction shaft is travel
ling, i.e. in one direction only. 

With reference to the stability of our battery posts, I think, 
instead of depending upon our mortar piles for rigidity, a little 
more forethought could be displayed in foundations of the whole 
mill. When it is considered that some 1000 to 1500 tons of ore 
are in the bins of one of our large mills and the ground about the 
foundations is allowed to become damp, and the tremendous 
vibration which goes on, the wonder is that not more of our mills 
have caved in. There are very few mills on these fields which 
have not had their guide beams packed out, so as to make them 
plumb, owing to this defect. 

Grizzling, Sorting, etc.-I cannot see why so much stress should 
be laid upon the carelessness of workmen, worn machinery, etc. 
These are matters which we have all to contend with in each 
department, and if each one were to do his best, the result 
would be excellent. 

Stems.-The best stems I have ever used were made of faggoted 
iron, though I have had good, soft iron welded on to stems ten 
years ago, and found them to answer very well. 

Heads.-The blasting of heads cannot be too strongly con
demned, when it is considered that with good care in the mill all 
shanks should be made to come out by the use of the steam 
hammer. I say care in the mill, because the stem is sometimes 
.allowed to strike right home and become riveted inside the head. 

Dies.-A practice I have always found good is to take out the 
dies every fortnight and pack them up, so as to keep the top of 
the die on a level with the outlet of the mortar box. This is one 
.of the great factors in high-crushing results per stamp. 

Crushing.-The fineness to which the rock should be reduced 
depends solely on the nature of the ore to be treated. A 1000-
mesh screen may be suitable for the Robinson Deep, but not for 
the Primrose nor Rose Deep. I certainly do hold that the con
.centrates should be reduced to a finer state, so as to liberate or 
expose the finer particles of gold encased in sands. What I wish 
to say is that there is nQ necessity to crush the bulk of sands to a 
finer state, as I doubt if it would pay, but that the coarser 
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particles caught by means of spitzlutten would not only pay, but 
leave a very substantial profit. A serious objection to fine 
-crushing with many mines would be the extra water needed. To 
crush with 1200 screening, 25 per cent. more water is needed 
than with 600 or 700. Another factor in high crushing is the 
mortar box. If there be any superfluous space in the box, a low 
rate of crushing may be expected. The box should have only just 
sufficient space inside to admit of the stamps being fed properly. 
I may mention here that the best I had to deal with in this 
respect were supplied by the United Engineering Co. 

Speed.-Supposing a mill runs 96 drops per minute and crushes 
5·45 tons per stamp per diem, according to Mr Roskelley's 
calculation, if the speed be increased to 100 drops per minute, 
the amount of ore crushed would be 5·67 tons, which I should like 
to see carried out, but fear cannot be done. 

Guide Blocks.-There is only one question I should like to ask 
Mr Roskelley about these, and that is, has the guide he referred to 
been in use for six years 1 

Amalgamation.-The use of an excessive quantity of cyanide is 
undoubtedly bad, and w,e have to thank Mr Roskelley for mention
ing an amount which is quite sufficient for ordinary purposes, 
though there is more said about the ill effects of potassium cyanide 
in mill usage than there actually is. A fault not mentioned by Mr 
Roskelley is the proneness to which many millmen are disposed to 
sling their brushes, swabs, screens, etc., about. This is a practice 
which cannot be too strongly condemned, as well as sweeping the 
mill floors into tailrace, to be carried down to the cyanide 
department. All such matter should be collected in a tank set 
aside for the purpose, and put through a ball mill or pan and the 
amalgam collected, Magnet iron could be treated in a similar 
way, or boiled in an iron belly pot with mercury, caustic soda, and 
lime, taking care that the whole is always covered with water. 
After boiling for a couple of hours, and stirring, the whole lot can 
be put through a sieve or panned off in the usual way, when the 
gold will be found in the mercury. 

Sampling.-Would Mr Roskelley kindly let us know if he ever 
has a minus or a plus in his mill returns, according to his sampling, 
and, if there be any variation, to what extent 1 

Mr J. E. Teesdale-Before the discussion on this paper of Mr 
Roskelley is closed, I should like to make a few remarks on 
several points in it. 

Many of the alterations suggested in the paper were carried 
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out some years ago, notably in the case of crawlways and cam
shafts. 

Crawl/cays and Travelling Cmnes.-The Rose Deep mill, started in 
October 1897, was fitted with two crawlways running the whole 
length of the mill, one being directly over the stamps and the 
other over the front of the cam floor. This latter was found very 
useful for the removal of cam~shafts, pulleys, etc. The other mills 
6f the Rand Mines Deep Levels were similarly fitted. 

In the New Kleinfontein and Wit Deep mills, at present being 
erected, another traveller has been fitted. This runs on ways 
about 15 ft. apart (the entire width of the cam floor) and the 
whole length of the mill. The lifting tackle travels transversely 
on this across the stamps and is worked by a geared set of pulleys. 
This, however, is likely to prove too unwieldy for everyday use in 
the raising of stems where tappets have slipped, the reversing and 
changing of stems, etc., and should be supplemented by a light 
crawlway over the stamps carrying a 30-cwt. tackle. 

Keyed Cams and Skatts.-In advocating the general use of 
Blanton cams and shafts, Mr Roskelley is surely not aware that 
modern mills (by modern I mean mills that have been erected in 
the last eight or nine years), with the exception of his own and the 
Knights Deep, have all been fitted with these cams, while many of 
the old mills have since discarded the keyed cams and shafts in 
favour of Blanton's patent, or, in the case of two or three of 
Goerz's later mills, the Grusonwerk cam. 

At the present time fully 70 per cent. of the cams in use on 
these fields are Blanton's. 

Kingposts and tkeir Foundations.-The ever-increasing weight of 
stamps has necessitated the use of heavier kingposts, and in one 
mill these have been made 15 ins. and 24 ins. respectively. 1'11' 
Roskelley sugg!'lsts the extension of the mortar blocks to form a 
solid foundation for the kingposts, but, to my mind, there is a 
very serious objection to this, and that is that an excessive amount 
of vibration will be conveyed to the. kingposts from the mortar 
blocks, thus endangering their stability. This question has had 
the attention of engineers, with the result that. the defect has been 
remedied by doubling the streak sill, tenoning it out for I! in. 
The kingposts, mortised in the usual way, fit into this, and are 
securely bolted down. / 

Feedefs.-The original drive of three pawls, etc., has been 
superseded in some mills by the Smart and Pearson drives. The 
former is a cheap and effective drive, and has only one wearing 
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part, which is easily renewed. Those fitted in the Van Ryn West 
mill have been working for over eleven months, and have not cost 
it cent for repairs. They require very little attention, and have 
proved so satisfactory that they are being fitted in the Van Ryn 
Estate mill. The Pearson, also, has given entire satisfaction, and 
it will not be long before no specification for a mill will be 
complete without one or other of these drives replacing the 
antiquated and expensive pawl one. There are several others, but 
space will not permit of my noticing them in this paper. 

Stems:-Composite stems, as recommended by Mr Roskelley, 
seem to have given satisfaction in the Robinson Deep, and I should 
like to hear more about them. As far as my experience goes, mild 
steel. has been found unsuitable for stems. Those supplied with 
the Rose Deep mill had an average life of six months, both ends 
being broken in that time. This compares very unfavourably with 
those in the New Goch mill, which were of fine, hard steel, and had 
a life of two years 011 the average. The stamp duty per day was 
nearly equal in both cases. 

Mr Roskelley's remarks on crushing and amalgamation are in 
accordance with usual mill practice. The time used in the first 
dressing of plates, however, seems to me excessive. Taking the 
time as given, it takes five hours per shift to dress twenty plates. 
Allow another hour for taking samples and thirty minutes for 
meals. It only leaves ninety minutes per shift for attending to 
breakages, belts, feeders, screens, etc. In addition, there are 
tappets to be set and the bearings looked after. 

Lime.-Lime should only be used in mills where the water is 
distinctly acid, and then only in sufficient quantity to render the 
water neutral. The common practice is to feed it into the ore 
shoots, but better results have been got by feeding it into the trucks. 
as they leave the crushers. 

Loss of Me1'cwry.-Mr Roskelley gives his loss as 0'3 oz. per oz. of 
gold recovered. This means a loss of 2700 ozs. per month on the 
average mill output of 9000 ozs. of the Robinson Deep, yet he 
remarks that after a three weeks' test nothing more than a trace 
was discovered leaving the mill. How does he account for the loss? 
Again, is this not a high percentage of loss with outside amalga
mation ~ The loss on the Van Ryn mill only averaged 0'17 oz. per 
oz. of gold recovered. 

Mill Samples.-The importance of mill sampling was, prior to 
the war, very much under-E(stimated. Few managers of mills 
troubled about it, and the usual sampler in use was an old jam 
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tin, manipulated by a native, who only thought of filling hiS' 
bucket. 

In 1897-8 a series of experiments was made with the object of 
finding a reliable mode of sampling. Samples were taken from the 
ore shoots, the feeders, and the trucks, and all proved unsatisfactory. 
Then the screen was tried, and after many trials of different 
samplers, the late Mr McDowell, who· carried out the experiments, 
came to the conclusion that the only way to get a correct sample 
was to do away with feeding silver in the boxes and to get a 
sampler big enough to catch the whole splash from the screen. A 
sampler was made the full width of the screen, 6 ins. wide, and 
tapering from It ins. in depth at the front to 4 ins. at the back. 
This was brought smartly under the lip, remaining a fraction of a 
second and catching the whole discharge from the box. The 
samples thus taken proved satisfactory, with the result that this 
sampler has been in use ever since. A good check sample can be 
taken from the discharge hopper of conveying belts where such are 
III use. 

In conclusion, I would state that many new features are being 
introduced into mill construction, and it is only by making 
himself acquainted with them that the millman can hope to keep 
pace with the times. 

DISCUSSION AT THE JUNE l\"IEETlNG, 1904 

Mr G. O. Smart-Inadequate space, especially on cam and 
feeder platforms, and at the end of the mill, is a very real evil in 
most mills. 

A store for spare parts, and a shop for mill fitter and carpenter, 
partitioned off from the mill, ought also to be provided. 

All the ordinary maintenance of the mill should be done by the 
permanent mill fitter and carpenter. Those men can do the work 
much better, quicker, and cheaper than any outside men possibly 
can do it. 

If good men, they will take an interest in their work, will have 
suitable tools and appliances made for any job that is likely to 
occur, will know where to lay their hands on those tools, and how 
best to go about the work, and also have the necessary spare part 
ready to replace any breakage. 

It is surprising how much time and labour can be saved by 
having the right tools and appliances ready for all the ordinary 
work. Those tools pay for their cost in a very short time, and a 
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good man will never let the same job trouble him a second time, 
without being ready for it. 

Oams.-Keyed cams do not give very much trouble when well 
fitted, but rather a large stock of spares must be kept to be ready 
for any emergency. I would prefer the Blanton .. 

l'imber.-The very best selected pitch-pine ought to be used for 
mill framing. This is very important. 

Foundations.-The main part of the whole structure, and the part 
generally most defective. If foundations are not well built, mud 
sills securely bolted down, and well grouted with about 2 ins. of 
gravel and cement under sill, there will be no rest in that mill. 
There ought to be a 1 ~-in. anchor bolt to each five stamps at least 
(as many more as you like). This bolt ought to be screwed into a 
socket about 12 ins. under the sill, so that very little masonry need 
be taken down in case it breaks. A break will always occur at the 
top. The cross sills are always put in too light to carry the king
posts without some support directly under the post. 

Feeders.-I quite agree that the Challenge feeder with a suitable 
driving gear is the best, but how some millmen go on replacing the 
original Challenge drive, with friction plate, brake wheel, springs, 
pawls, shoes, etc. etc., I cannot imagine, when there are several 
simple, direct, driving gears on the market, anyone of them far 
better than the old style. 

Stems.-I have tried several kinds of iron and steel, and have 
kept a correct record of all of them. The best results were 
obtained from mild steel. 

Heads.-""Ve have a hydraulic press at the Simmer made specially 
for pressing out broken stem ends. This press is fixed in the mill, 
and any stem ends can be removed in a few minutes without any 
trouble whatever. 

Tappets.-I have a one-key tappet with tapered gib running in 
the mill. This has run for nine months now, has never slipped, 
and the original key is still in use, and has never been to the 
blacksmith's shop during this time. 

Repairs and renewals of tappet keys for the three-key tappets 
cost us £18 per month, besides replacing burst tappets. This one
key tappet cannot burst. 

Order oj Drop.-I do not agree with Mr Roskelley, the orders 1, 
3, 5, 2, 4 and 1, 4, 2, 5, 3 I do not like, but find orders 1, 3, 5, 4, 2 
and 1, 5, 2, 4, 3 give good results in practice. 

Discharge.-I think Mr Roskelley's 2-in. is too low. This ought 
to bc kept so that no gravel of any kind lies against the screen. 
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The 12-in. depth of our screens ought to be kept clear for discharge, 
and the splash ought to run clear across the box. 

Feeding.-Thin even feeding and properly balanced drops have 
more to do with good stamp duty than anything else, except the 
screen used. No mill can ever do good duty unless tappets are kept 
right and feeds kept thin. The design of mortar box has also an 
effect on the crushing, as I know from every-day experience. I do· 
not think the amount of water used has much to do with the stamp 
duty, but the water ought to enter the box behind the stamps. . 

Hot Wate?', in my opinion, has a very bad effect on plates. I do· 
not like anything over 80° F.; about 60° to 70° is the best. 

Cyanide is certainly very useful at times in the mill, but when 
once plates are in good order, very little is required, and a careful ~ 
millman, for his own sake, will not allow enough to be used to have· 
any bad effect on tailings. At most dressings cyanide need not be 
used, but at times it is very useful to us. The great difficulty is to· 
get the amalgamator to use it when necessary, and only when 
necessary. 

Outside Arnalg(vrrtntion I consider preferable to inside under present 
conditions. There is less mercury lost, and far less chance of 
amalgam being stolen than with inside amalgamation, a more reliable' 
sample can be got, and a better daily estimate of the value of ore. 

, formed from daily scrape. I admit that a slightly higher mill' 
extraction may be obtained from inside amalgamation, but not 
enough to balance other things. In the days of free milling ore 
and coarse gold, inside amalgamation gave much the better results .. 
Even now, box sands, mercury trap sands, screen tub sands, etc.,. 
must be ground up with mercury before all the coarse free gold will 
amalgamate. It is no use passing these sands over a plate only. 
I do not agree with Mr Roskelley that box sands taken from a box 
after a three months' run are no richer than the ordinary ore. Let 
Mr Roskelley pan these off, or send a sample for assay, and I think 
he will change his opinion. 

I have never been in a mill where dies were allowed to remain 
three months in a box; but find the sands well worth special 
treatment, where dies are turned round every fortnight to ensure 
even wear, and this on 8-dwt. ore. 

Loss oj Merettry.-For comparison, the loss of mercury at retorting 
ought to be given separately from the mjll loss; a bad joint on the 
retort, or a faulty retort, will lose as ,much mercury at one opera
tion as the mill will do in a month. The tonnage crushed must 
also be taken into consideration, as also the nature of the ore. 
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Rock from one part of a mine may give no trouble on the plates, 
while with ore from another part of the same mine there is loss 
of mercury and trouble. Another thing against calculating loss of 
mercury per ounce of gold recovered is, plates are always in a better 
condition, and easier kept, when crushing rich ore, and so less 
liable to lose mercury than when crushing poor ore. 

Amalgamated plates are generally looked upon as a very simple 
means of saving gold; so they are, and a very efficient means of re
covering free gold if it is not too fine, but they must be kept in 
good order, and to do this, a lot of attention and no small amount 
of labour is required. 

Millmen I do not think need worry much about some of the very 
finc gold going past the plates, as the slimes plant will account for 
that, but any coarse particles from mortar box sands, screen frames, 
etc., are quite a different mattcr, so is loose amalgam or mercury. 

Good mercury traps are indispensable. 
Sampling.-Acting on suggestions, from l1r Caldecott and Mr 

Broom, I had a sampler made that is gi\'ing very fair results. 
There is a discharge plate screwed on bottom of screen frame to 
throw pulp clear of the frame. The sampler (a very light affair) 
has a narrow slot, just the same as an automatic tailings sampler, 
and passes clear through the stream, in and out, taking the full 
length of the box. 

I am of opinion that a good deal of the trouble caused with head
ing sampler where there is coarse gold, is caused at the drying and 
cutting down of the sample before it goes into the crucible. 
. Crushing.-Millmen cannot speak out too strongly about the ore 
coming from crushers too coarse. vYhen the millman is not in 
charge of crushers this is very likely to occur, as it is difficult to get 
,outside men to understand the amount of breakages and trouble 
,coarse rock is responsible for, besides the loss of stamp duty. 

Cyanide workers and millmen must work together for the best 
,general result, and profit on the combined operations, not only for 
what is best in their own plant; and I think if the cyanide man 
lets the millman know what is giving trouble in the tailings, most 
,of them will do all they can to have the matter put right, to the 
best of their ability. I have said far more than I intended, but 
when one begins it is difficult to know whcre to stop. 

DISCUSSION AT THE JULY JlIEETING, 1904 

Mr R. C. Atkinson-In reading over Mr Roskelley's paper and thc 
subsequent discussion thereon, one thing struck me as rather re-
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markable, and that was the general satisfaction and 'definite opinions 
expressed by some of your most experienced millmen as to the 
efficiency of the Challenge feeder. In fact, it seemed to me that 
their general verdict was, "that it is the best up to date, and we do 
not think it can be improved upon." 

Now, I am not a millman-never was-and I do not feel competent 
to criticise the paper on the details of milling generally, but must 
say that, although the Challenge feeder has up to date held its own, 
it has always seemed to me a very complicated device for the work 
it has to do, and its greatest drawback, viewing it as an outsider, 
seemed to me to be its number of parts, the excessive wear and tear 
due to friction, and the cost of upkeep this entails. 

It seems to me that the success of your mill depends in as great 
a measure on your feeder as anything else in the mill. 

Speaking of the feed, Mr Roskelley says this should be kept even; 
uneven feeders cause banking at the end of the box, and both this 
and high feeding impede crushing. 

Now, I should think he might have added here that bad and 
intermittent feeding is in a great measure responsible for stoppages, 
for does it not cause the breaking of stems or cam-shafts, as well as 
excessive wear and tear on your shoes and dies 1 

I think most of you will agree with me that though the 
Challenge feeder may be the best up to date, it still leaves a great 
deal to be desired. We could do with having a feeder with less 
parts, and doing even better work by spreading the ore over a 
greater portion of the box. 

Mr Bevington, in his contribution on this subject, refers to a· 
feeder of very simple construction, and of few parts, now being 
tried in one of our mills. I may say that I think I know the 
particular one to which he refers, and have here some particulars 
which may interest members generally and millmen in particular. 

The feeder to which I refer is patented in the name of " Hunter" ; 
it has been working over a period of five months altogether, over 
one month of which a thorough test was made of it to see its 
capabilities as a feeder. Five stamps were partitioned off, and a 
careful measurement kept of stufrbeing crushed by these five stamps. 
At the end of this test it was taken up by one of the principal firms 
of machinery importers in town. 

I think, therefore, I am perfectly justified in giving you the 
results of the test. I would like to add .that I am not personally 
interested in this feeder, i.e. not in a financial way. 

The feeder consists of a cast-iron frame, slung from timbers con-
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nected to a battery. A cast-iron hopper, bolted to frame and to 
shoot connected with ore bin. An oscillating tray is hinged by 
means of bearings on each side of the frame, and fits into a groove 
under front edge of hopper, making a perfectly water-tight knuckle 
joint, and allows no dirt or moisture to pass through on to the 
feeder floor. The tray is operated by means of a lever hinged on 
to the frame, and connected to the tray by an adjustable connecting 
rod and worked by a rod off the tappet of the centre stamp. A 
cast-steel spiral spring, slung from the ore head framework of 
battery, returns the tray to its original position after the blow of 
the tappet. There is a screw fitted to adjust the feed to the 

THIi: HUNTER ORE FEEDER. 

required fineness. The points of superiority claimed for it over all 
existing feeders are :-

Firstly-Small initial cost. It has a fewer number of working 
parts, and in construction is simplicity itself. 

Secondly-Repairs reduced to a minimum. 
Owing to its simplicity of construction the upkeep is very small 

indeed, and there is nOlle of the lost motion usually in the other 
feeders. The existing feeder has been running five months without 
a repair being necessary. The estimated cost of upkeep is about 
30s. per annum. 

Judging by a month's test, this feeder seems to lend itself to a 
higher crushing duty per stamp per twenty-four hours. The reason 
of this is claimed to be that, whereas the Challenge feeder feeds all 
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on one stamp, the ore then being spread over the box by the other 
stamps, this feeder distributes the ore evenly over the whole of the 
box, and prevents the objectionable banking of the stuff at one side 
of the box, as is the case with other feeders, if the box should be 
overcharged. 

Better Running Time.-Fewer stoppages 'for repairs is another of 
its advantages. During the five hlOnths it has been running, there 
has not been a single case of a broken stem or a choked box. It 
has never been stopped for repairs, and the shoes and dies have 
worn more evenly. Amalgamators of over ten years' experience 
have testified to me the good and efficient working of the feeder, 
and say it requires no attention, with the exception of occasionally 
setting the feed to the requirements of the different qualities of the 

. , 

ore. 
ReC(Jrd of Test with Bins Pa1'titioned off.-Test conducted from May 

10 to June 8, thirty days inclusive: Screening used, 700; shoes 
and dies about half worn down at beginning of test; heads, 24 ins. 
by 9 ins. 

Total running time, 631 hI'S. 41 mins. 
Total ore crushed, 870'7 tons. 
Duty per stamp per twenty-four hours, 6'61 tons. 
Average duty per stamp per twenty-four hours for the rest of 

the mill fitted with Ohallenge feeders over the same period, 5'90 
tons per stamp per twenty-four hours. 

Battery fed with Hunter's feeder crushed 0·71 ton more per 
stamp per twenty-four hours than those filled with Ohallenge 
feeders. 

On a 120-stamp basis, Hunter's feeders would give us an increased 
crushing of over 2000 tons per month. 

The feeder has been so constructed that it can be readily fitted 
to existing shoots of any mill without necessitating alterations. 

To aga,in come to Mr Roskelley's paper, I cannot resist referring 
to his 14-lb. fines; the grizzlies certainly do get broken at times or 
bent. I think the opinion of the resident engineer concerned would 
be worth hearing, though, perhaps, scarcely fit for publication. 

Be-crushing in One or More Stages.-Mr Roskelley is quite right, 
and I think no one will dispute the necessity or advantage of finer 
crushing. 

This is also the time, as he remarks, to put your crusher plant 
()n a better basis, so that when the time comes we shall be ready. 
But Mr Roskelley must reinember that labour is scarce, profits are 
low, and money is tight. I take it, that when we are crushing all 
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we can with our stamps and want to do more, a gradual and effectual 
-change will be effected at our crushing stations where possible. 

Mr Powrie, on page 447, speaking of the speed of the mill, seems 
to look upon a drop of 100 per minute as wonderful, would like to 
.see it carried out, but fears it cannot be done. I can inform him 
that if he will give me the pleasure of his company any time next 
week, I will take him over our mill where such is the case, and has 
been for some time, and that our duty per stamp per twenty-four 
hours is as high as 5'9 tons crushed. I can also reassure him, and 
.state that the breakages are not abnormal, and no one in the mill 
.seems to show any signs of fear. 

In conclusion, I would like to point out that once we have the 
necessary labour to flood our mills with ore, it will behove, not only 
millmen, but all men to do their utmost and take advantage of any
thing likely to be an improvement on existing methods to get the 
:greatest amount of work done at the smallest cost, and to win the 
:greatest returns where we should expect to get it. 

Mr J. R. Williams -When I came here, many years ago, it was 
,the common practice to get a Kaffir to feed the ore with a shovel 
into the mill. The next device was, I think, the Tulloch feeder. 
It certainly did very gooJ work and increased our duty per stamp 
very considerably. Then came the Challenge feeder, which was so . 
great an improvement on the Tulloch feeder that there is not a 
Tulloch feeder on the Rand to-day. During the last three or four 
weeks I have been faced with a difficult proposition, whilst running 
,some experiments on a certain mine. The duty per stamp on that 
mine has hitherto been 4'8 tons per stamp per day. With the 
various modifications introduced, we have a duty of 8, 9, 10, and up 
to 11 tons per day. Up to the present, the only feeder I can find 
to do the work satisfactorily is a Challenge feeder, with the assist
.ance of a couple of Kaffirs. Therefore, I say any feeder which can 
be brought forward to do what we require is something which the 
mining industry will need in future, and I am sure it is but echoing 
the sentiments of the President and those gentlemen of the Patents 
Committee in saying that the mining industry is quite prepared to 
pay anyone, patent or not, for a first and true invention. I know 
some of us have been challenged many times as being desirous of 
crushing the small man. This has been very often stated in the 
Press, which, I think, h'as been very unkind. Our desire is to 
assist the true inventor, and by doing so at the same time help the 
goldficlds generally, and the members of our Society in particular. 

The President-I think you will agree as to the desirability 
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45 8 I. Roske/ley: Ali!! ConstructiO'lz [JULY 1904-

remarked upon by Mr Williams, of men being recompensed for
improvements they introduce. That this has been done in the past, 
for non-patented improvements can be borne out by various_ 
members of the Society, some of whom are present to-night_ 

Mr R. C_ Atkinson-I 'may say Mr Hunter's feeder is patented,. 
and that it is working on the Crown Reef mill, and I think great, 
credit is due to him for making this great improvement in the 
feeding, aQout which I was at first very sceptical. There· 
are many of us here only too pleased to hear the words Mr
Williams has spoken, and if any of us have improvements, we, 
shall not be afraid to bring them forward. 

Mr C. Dixon-It is as well to draw attention to one point Mr 
Roskelley brought out, namely, the duty per stamp and the· 
necessity for fine crushing. I notice in reading the technical 
papers from other parts of the world that great attention is being: 
given to this. Only to-day I heard that the Sheba mine, in. 
Barberton, were about to commence intermediate crushing between. 
the stone breakers and the mortar boxes. I believe, also, a good 
deal of work is being done on the Rand at the present time with· 
tube mills, and that the prospects are very promising. 

A Member--I think it would be interesting if Mr Roskelley
would tell us the best way of treating the matte derived froIn. 
copper skimmings, to which he refers. 

Mr E. E. AUlsebrook-Undoubtedly, in the last few years, 
great improvements have been made in mill construction, and in 
the running of the mills after they have been handed over to the 
millman. But with all these improvements there is still a lament
able lack of attention to minutiao, or what a layman would consider 
less important particulars. But to the millman this want of 
attention to detail in the construction of a mill means unnecessary 
work, worry, and, more than all, expense, and it is in this that the .. 
expense is incurred in the upkeep of a plant, and not in general 
design or construction. 

It is my intention in writing this article to point out some of the
mistakes-and a few of them most egregious.-that have come, 
under my notice during the time I have been connected with mill 
work as a mill carpenter and amalgamator, not from any desire to
be captious but to try and amalgamate the ideas of the engineer 
with the requirements of the mill operator, so that these mistakes. 
may be rectified in the future to the be~efit of the millman and 
all concerned. I shall deal, firstly, with the mechanical part of the. 
work, and, secondly, with amalgamation. 
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First and foremost, the greatest attention should be given to. 
tying the mill together; the nuts of the tie-bolts are often put 
where it is almost impossible to get at them for the purpose of 
tightening. This is invariably the case with the tie-down bolts of 
the kingposts, which are, I consider, the most important in a mill ; in 
some mills the tables have actually to be taken out to get at them. 
When once the kingposts start to jump and get beyond control, it 
is only a question of time before the best mill ever built will be 
converted into a "rattle-trap." Arrangements should be made 
so that both ends of these bolts can be got at quite easily-the 
upper carried quite clear of the tables and water-pipes, through a. 
2-in. bar running right through the kingpost from front to back ~ 
the lower passing through the strake sill and a I2-in. by I-in .. 
wrought-iron washer. This will, of course, necessitate a long bolt, 
which can be made in two halves, hooked together in the centre, _ 
so if either half wears out it can be replaced without interfering 
with the other. If not kept constantly drawn up the thread of 
these bolts must soon be stripped, and consequently the bolt 
becomes useless; yet no provision is made, either for prevention or 
cure. Wherever these bolts are hard to get at they are invariably 
neglected, consequently the kingposts fall out of the perpendicular,. 
and then the trouble commences. Neglect in this respect also 
counteracts all endeavours to keep the stamps in the centre of the 
mortar. I can safely say that three-quarters of the mills on 
the Ranel have not got their stamps centred, which means that 
they are not working in the centre of the mortar. This may 
seem a daring statement to make, but I make it advisedly, and am 
prepared to uphold it. This mistake may be made in construction, 
or caused by after settlement; but, whatever the cause, it is 
absolutely necessary that the stamps should work exactly in the 
centre of the box as there is so little space room at the die level. 
I have worked in several mills, and have invariably found the 
stamps out of centre. In one, I had to pack out the guide-rails an 
inch and a half, and then saw an inch off some of the inner guide
blocks to get the stamps in their proper place. In another mill I 
had to pack out all the guide-rails an inch and a half; this I am 
sure was due to the fact that the centre had been taken at the top 
of the mortal', which is not necessarily the true centre to the 
bottom. It is necessary that the centre of the box, taken length
ways and crossways, should be shown, the former by a saw cut on 
the upper and lower guide-rails, and the latter by marks on the. 
kingposts just below the upper and lower guide-blocks. As the-
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guide-blocks are constantly being readjusted, if there are no 
marks of this kind to guide the millwright he must' surely be 
making these alterations by guesswork. One more reason why it 
is imperative that the stamps should be centred, is that-if this is 
not:the case-the liners and boxes get cut about most terribly, and 
the former require replacing more often .than should be, and it is 
impossible on account of the small space in the bottom of the box 
to get the dies immediately under the stamps, and consequently 
they wear down all on one side, leaving a pinnacle on the other, 
which means a very uneven crushing surface as well as a very 
much reduced one, with the inevitable bad duty. Very frequently 
unnecessary blame is given to the tempering of the dies, when 
under the. foregoing adverse circumstances no die could stand the 
uneven wear. 

Even if exactly centred under stamps, and all other conditions 
good, a die will naturally wear down fastest on the inner side, where 
it receives the greater portion of larger rock falling directly from 
the feeder. I have often noticed that the two outside dies wear 
down perfectly level, while the three centre ones wear down most 
at the back; this is entirely due to the fact that they have the 
larger rock to crush. To counteract this uneven wearing of the 
dies, I believe in taking them out once a month and reversing them. 
Leaving them in till they are worn out, and the bottom of the box 
as well, is a practice I most heartily condemn. Dies should be kept 
packed up with fine quartz, false bottoms, or worn-out thin dies, so 
as to keep a low discharge of from 2 to 3 inches. This is 
absolutely imperative if good duty is desired, as well, also, as a fine 
feed. The latter idea, I am sorry to say, a great many shifts men 
do not take very kindly to. My experience has taught me that a 
Sandycroft die is hard to beat either for temper or life, and the 
.'lame can equally be said of the Sandy croft shoe. My_ next trouble 
is the ore feeder now in use; and yet, not the feeder so much as the 
friction drive operat,ing it, which I most decidedly condemn as a 
piece of most amateurish mechanism. There are, to my knowledge, 
three friction drives which have been devised by three Rand mill
men. Mr Smart, mill manager of the Simmer and Jack, is the 
inventor of one; another is the invention of, I believe, Mr 'Vatt of 
the Crown Reef mill; and the other is Mr Pearson's invention. 
These three drives were all designed to operate the Challenge ore 
feeder with one pawl, instead of three as at present, either of which 
,compares as favourably with the present mode as science with 
brute strength. My objection is not to the two extra pawls, 
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but their inefficiency and the undue strain on the feeder. I have 
worked with Pearson's for the last four years, and can only compare 
its working to the smooth movement of a decent clock; so sensitive 
is it that the slightest tap on the feed-lever is sufficient to revolve 
the turntable, thereby ensuring a regular feed, which is necessary 
if good duty and good work all round is desired. 

Another great improvement on the contorted feed-levers now in 
use is to have one straight lever on the cam platform, working in a 
stand made of 3-in. by lin. iron, bolted to the floor and stayed to 
the kingpost. This stand is about the height of the fingers, and 
resembles an elongated capital A, with a flat apex of about 2! ins. 
A piece of iron of the same size is let into the stand It ins. from the 
top, so as to form a recess to hold a I-in. nut. A hole is drilled 
through the top of the stand, and this crosspiece to take the feed
screw which is provided with the usual lock-nut, and which passes, 
through the nut in the recess; this screw is, of course, to elevate 
or depress the lever. Immediately below this crosspiece, and 
welded to the edges of the stand, are two small brackets or lugs 
having on their tops a semicircular indenture to receive the 
trunnions of the lever. The end of the lever which projects out to 
the under side of the tappet is flattened out, and protected from the 
blow of the tappet by a piece of belting riveted on to it. The other 
end, which is immediately over the arm of the friction plate, is 
connected to it by an adjustable chain passing through a hole in 
the floor. This kind of lever does away with the fearful jar of 
every blow of the stamp on the whole structure of the feeder caused 
by the levers generally in use, as well as disposes of the buffer, 
bumper-rod and guide, one lever and rock shaft, centre bracket of 
rock shaft, fulcrum and connecting rod; and the feed of a battery 
can be regulated to a nicety with one hand on the feed-screw and 
the other on the tappets. This stand and lever can be made by 
any blacksmith in a very short time. They can be seen working 
in the Wolhuter and New Unified mills, where they have given 
every satisfaction, and I believe in one or 'two other mills along the 
Reef. 

Despite the fact that inside amalgamation with copper plates is 
now a thing of the past, the mistake is very often made of putting 
the old-fashionea mortars, with the recess at the back, into new 
mills, instead of the later style of straight-backed ones, thereby 
putting obstacles in the way of quick crushing. A mortar box does 
not require to be more than 4, ins. deep, and the required discharge 
obtained by chuck-blocks. There is a great tendency to run mills 
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undermanned on the Rand, which, to my mind, is false economy. 
If a new 100-stamp mill requires two men on shift with their proper 
complement of boys, then an old mill, where breakages are con
stantly occurring, should have three men on shift, an amalgamator, 
assistant, and greaser. I have in my mind a 100-stamp mill, which 

. runs as well to-day as when erected ten years ago, and I am sure 
the reason of this is that there has always been a plentiful supply 
of labour, both white and black, in the mill. 

Amalgamation.-I do not intend to sa,y much on this subject. 
Decidedly, for low or medium grade ores, outside amalgamation, no 
matter what the style, is preferable to inside. N early every mill
man has his own ideas of keeping battery plates in good catching 
()ondition, but to my mind the VV olhuter style of amalgamation is 
scientific and, if carried out in its entirety, undoubtedly practically 
,correct. A paper dealing with this style was read by Mr Britten, 
late manager of the 'Volhuter Gold Mine, before the Association 
-of Mine Managers, some few years ago, and was, I believe, very 
favourably received at the time. I do not intend to describe the 
W olhuter style in this article, but may on some future occasion. 
Undoubtedly, a weak solution of cyanide has a beneficial effect on 
plates when the water is alkaline and the plates inclined to scour, but 
an injudicious use of it is to be condemned. N ot-hing beats good 
old elbow grease for setting plates, and a judicious use of it after
wards to keep them in order. 

In conclusion, I have been actuated in writing this article by a 
desire to improve the conditions of milling on the Rand by bringing 
to the notice of our engineers some of a millman's requirements, and 
to produce a friendly exchange of ideas between those connected 
with mill work, for without this interchange of ideas we are all apt 
to keep on running in the same old groove from year's end to year's 
,end, and to forget that there is a more scientific side to our vocation 
·other than thumping in a tappet key. 

REPLY TO DISCUSSION AT THE AUGUST lIlEETING, 1904 

Mr J. Roskelley-The criticisms on my paper all deal with 
practical details in milling or defects in mill construction, and this 
is the kind of criticism I expected from millmen. None of my 
critics have attempted to theorise on what ~he future of milling on 
the Rand goldfields will be. Millmen have been reproached because 
improvements in milling practices have not been so marked as those 
in cyaniding, and the introduction of flint mills and other radical 
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~hanges that are being made or contemplated are not due to mill
men, but to engineers. Being familiar with the limitations that 
hem in mill operators, I am not surprised at this state of things. 
To me it appears to be the logical result of the conditions under 
which millmen work. However much we may wish to see altera
tions-fundamental to good results in our opinion-made, we have 
been unable to make them. Weare expected to run mills so as to -
keep the tonnage milled high and the gold extraction good. Details 
in working we can modify, but experiment on matters likely to 
affect milling materially we cannot. Successful methods are 
discovered only after many unsuccessful ones have been tried, but 
millmen dealing as they do with large quantities cannot afford to 
be unsuccessful. The chemist experiments with small quantities, 
and from his results concludes whether he is justified in applying 
his new method of working to large ones. It is, in my opinion, to 
this constant experimenting that we must attribute the great im
provements that have been made in cyanide working, and I would 
suggest that the same methods be applied to milling. Could not 
a ten-stamp battery be erected and run for experimental purposes 
only by some of the mining houses 7 If this were done, many of the 
questions to which millmen at present give such different answers 
would be. settled once for all. Take, for example, the subject of 
feeders, which has occupied so many of my critics. With an 
experimental battery each feeder could be tried under absolutely 
identical conditions, and results would indicate their worth. At 
present any results given as having been obtained with any par
ticular type of feeder are practically valueless, for we know nothing 
of the nature of ore fed nor the amount of attention given to the 
feeder, and these are points on which we must be informed if we 
are to come to any definite conclusion. 

The discussions on my paper have brought out many points of 
agreement among millmen, and these I should like to emphasise:-

1. More mill space than is usually allowed should be provided. 
2. Concentrates should be re-crushed. 
3. Special precautions should be taken for reducing vibration. 
4. Solid wooden guides have not yet been improved upon. 
5. Extra mechanical contrivances for facilitating work should be 

supplied. 
6. Special precautions should be taken if cyanide is used. 
7. Outside amalgamation is to be preferred. Mr Peplar favours 

inside. 
S. A thoroughly adequate crusher plant should be provided. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



I. Roskelley,' Mill C onstructz'on [AUG. 1904 

9. Ten stamps on it shaft is not an improvement. 
10. The new Blanton cam is an improvement on keyed cams. 
In answering my critics, I shall, as far as possible, deal with 

them collectively under the different points raised, since to take 
them individually would entail much repetition on my part. 

Foundation of Kingposts.-Both Mr Peplar and Mr Teesdale have 
recommendations to make on this point, and both tend towards 
making the kingpost rigid, though neither goes far enough to be 
really effective. The doubling of the streak sill, which Mr Teesdale 
says is the solution of the vexed problem of a stable foundation for 
kingposts, is, I admit, the best that can be done to steady this 
timber in mills that have been constructed without due attention 
being given to the kingpost j but this best is far from good. In the 
first place, the mud sill supporting the streak sill is, as Mr Peplar 
pointed out, very insecurely bolted to the wall on which it rests. 
The bolts are too small and not sufficiently numerous, and with a 
loose mud sill doubling the streak sill which rests on it, cannot have 
much effect on the kingpost, which cheerily sets to work and makes 
the whole to dance. Another objection to this foundation is that 
after the streak sill has been doubled, the base of the kingpost is 
still slightly below the level of the floor, and water gets into the 
mortice in the streak sill and rots away the bottom of the kingpost. 
I have seen several kingposts secured in this manner that have 
rotted quite away at the foot. Mr Teesdale says that if my idea 
were carried out, the pile under the adjoining mortar box would 
make the kingpost vibrate, but this I cannot see, since the piles 
would be separate timbers. 

Space, Crawls, etc.-The optimism of Mr Wilkes on this head and 
Mr Teesdale's remark that the alterations suggested in my paper 
were carried out some years ago hardly seem to agree with the 
experience of the other contributors to this discussion. (See Messrs 
Bevington, Smart, Beaver, and Powrie's remarks.) 

Five Cams on a Shaft.-I would point out to Messrs Pitt and 
Powrie that I have not suggested re-modelling our present mills on 
this five-cam basis. My suggestions refer to mills about to be 
constructed. Mr Pitt gives three cases only for total stoppage of 
ten stamps with the present arr~ngement. To these he should add 
broken stems, changing jack-shafts, replacing fingers, straightening 
stems, keying up loose cams and pulleys. In fact, in every case 
must the stamps be held up, except when 'work in the mortar box 
or dressing plates causes the stoppage. . 

Heads.-My remarks here were prompted by the hope that 
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AUG. 1904] Blanton Cams and Keyed Cams 

members would in discussion emphasise the necessity for heads 
ready bored through, that the unnecessary trouble of boring them 
might be avoided. No millman to-day would think of claiming 
originality for this method of ejecting broken stems, for it has been 
discussed pretty generally among them since the war. The only 
credit I claim is that I recognised a good thing when it was pointed 
out to me, and tried in my paper to do a little towards easing the 
way for carrying it out. This is for nil' Wilkes, who fears I may 
try to palm off other men's ideas for my own. I have seen Mr Smart's 
ram ejecting broken stems from heads; it does its work admirably. 

Grizzlies and C1'71she1's.-My remarks on this head seem to have 
irritated NIr Powrie, who thinks I referred to negligent workmen. 
Nothing of the kind was intended. Mr Powrie himself, however, 
accuses millmen of practices which I have never seen and which I 
think can hardly be general. An adequate crusher plant efficiently 
controlled is what we want, and millmen, when they get the 
opportunity, should speak up for it. I am glad that the point has 
been emphasised during discussion. Mr Atkinson's retort is a 
cheap one, and in no way affects the question. The Rand must be 
well equipped with resident engineers, fluent and expressive, if pale 
blue oratory is to put the matter right, for, with a few laudable 
exceptions, the ore coming to the mills is far too coarse. 

Cams.-In my paper I advocated substituting new Blanton cams 
for keyed cams. Unfortunately, Messrs "\Vilkes, Powrie, and 
Teesdale have run away with the idea that I was advocating the 
ordinary Blanton cam, and I have been treated to information and 
advice by 1\11' Teesdale, questions by Mr Powrie, and rhetoric by 
Mr Wilkes that quite startled me. Mr Wilkes' assumption-it 
cannot be anything else-that keyed cams have been relegated to 
old mills and ten-stamp plants on outside properties is hardly borne 
ont by facts. The Knights Deep, with a 200-stamp mill is not an 
outside property, but although tho latest built mill crushing, she 
has keyed cams. There are about 4500 ordinary Blanton cams in 
use on these fields, but only two mills-the Ferreira Deep and 
Langlaagte Deep-are fitted with the new Blanton cam. Mr 
Peplar, in his contribution to the discussion, speaks well of it, and 
I consider it as much superior to ordinary Blanton cams as the 
latter is to keyed cams. To Mr Powrie I would point out that the 
question is not whether breakages and delays occur with new 
Blanton cams, but whether more occur with keyed cams, and 
whether, when the former have been subjected to fair usage, they 
cannot be taken off and replaced more readily than the latter. 

2 G 
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466 I. Roskelley: Mill Consi1-uc#on [AUG. 1904 

Feeders.-A considerable amount of discussion has been devoted 
to this subject, and before making any remarks on it, I wish to 
recall what I said in my paper. The two or three so-called 
improved feeders I have seen at work certainly do not justify 
discarding the Challenge feeder. Probably an improvement will be 
made, so that the brake wheel and three pawls can be done away 
with. Several writers have attacked the driving gear of the 
Challenge feeder and recommended other gears which they consider 
simpler and more effective. Without any intention of depreciating 
the value of the different driving gears patented and recommended, 
I would call attention to a few considerations that should be borne 
in mind by anyone recommending any particular variety. 

1. The trial tests should extend over a reasonably long period, so 
that it may be seen whether, when the feeder has become somewhat 
worn, it still does efficient work. This remark is, in my case, the 
result of experimenting with different types of driving gear. Like 
other millmen, I have not been entirely satisfied with the driving 
gear of the Challenge feeder, and have tried several types of gear 
that seemed to me to have good points. The results of these trials 
have invariably been the same; at first I have been pleased at 
the good work done, but after a few weeks had passed, I found 
myself with an article on my hands that could not feerl at all. 
Some of these driving gears were ingenious and had a small 
number of parts, but no allowance had been made in their construc
tion for adjustment to compensate for wear, so that after a short 
trial the parts most fundamental to good work were worn down, 
and the thing was useless. 

2. Because some particular driving gear has a smaller number 6f 
parts than another, it must not be assumed off-hand that it is 
simpler and more economical in upkeep. Several of the feeders 
recommended-I have no desire to particularise-have their parts 
reduced by combining in one'piece two or more of the separate parts 
of the driving gear of the Challenge feeder. Usually one of the 
combined parts wears; the other does not, but both have to be 
discarded. One of the really good points, to my mind, of the 
Challenge driving gear is that the wearing parts are all separate, so 
that they can be renewed separately; another is that they are 
cheap; springs are £5 per hundred, shoes £10 per hundred, and 
pawls £10 per hundred. The driving gear of the Challenge feeder 
undoubtedly requires careful attention; but if this is given the cost 
of upkeep is trifling and the feeder does good work. 

3. It is not right to assume that because a new type of feeder 
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AUG. 1904] A ttention to Ore Feeders 

which has been installed increases crushing to the extent of half a 
ton per stamp per day that the crushing capacity of a lOO-stamp 
mill would be increased proportionately. Look at the conditions 
under which this extra stamp duty has been obtained. The 
patentee wants-and rightly, too-to do full justice to his patent. 
He watches it working, so that the conditions may be favourable, 
and when anything goes a little wrong, he is at hand to set it right 
before any damage is done, and at all times he keeps a watchful 
eye on the feed. Were this feeder in general use throughout the 
mill, it would not receive anything like the same attention, and the 
.crushing would be lower proportionately. I do not say it is, but I 
say it may be, that the extra crushing obtained with a given patent 
is not due to the good qualities of the feeder, but to the attention 
which is given it. I have no doubt that I could crush from a quarter 
to half a ton per stamp per day extra with a new Challenge feeder. 

After hearing Mr Atkinson's description of the Hunter feeder, I 
lost no time ill going to see it working, for the extra 0'7 ton crushed 
.and feeding the whole length of the box were to me attractive 
features. The feed inlet of the mortar box which this feeder was 
supplying I found to be 1 ft. 9 ins. and the oscillating tray 1 ft. 8 
ins. This tray is, accordingly, the same width as the disc plate of 
the Challenge feeder, which it replaces, and feeds on three stamps 
the same as the latter does. Not !:>eing a millman, Mr Atkinson 
,must have got the width of the feed inlet mixed with the actual 
width of the mortar box, which, of course, is about 5 ft., and hence 
.the unintentional misrepresentation. The feeder is undoubtedly 
·simple in construction, but I saw nothing distinctive about it to 
account for the extra 0'7 ton crushed. This may have been due to 
the nature of ore fed-when I saw it free milling stuff was being 
put through-or the extra attention given may have been 
responsible for the result. Since Mr Bevington saw this feeder at 
work for a month, his opinion of its merits would be interesting; 
.as for me, I shall reserve mine until I hear or see more about it. 

I must see the" great improvement on the contorted feed-levers 
now in use," which Mr Aulsebrook has described, before I can 
express an opinion OIl it. 

Mortar Boxes.-Were 4-in mortar boxes in general use, false 
bottoms and packing would be unnecessary. Both are unsatisfac
tory as a foundation for the dies, and entail much extra work in 
regulating discharge. Mr Aulsebrook's remal'k on guides out of posi
tion interested me. As far as I can see, by packing out the guides 
2~ ins., he moved the bottom of the shoe at least 2k ins., and this in a 
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I. Roskelley: Mill Constructi01t [AUG. 1904 

box which is 10 ins. at the bottom and is taking a 9-in. shoe. I have 
been wondering since I read it where that stamp was pounding 
before he centred it. 

Discharge.-I still hold that betwecn 2 and 3 ins. is the best 
discharge, since none of the evils which I am told should occur with 
it give me any trouble. Mr Peplar had advocated 5 ins. and Mr 
Powrie none, so I leave them to settle their differences. 

Order of Drop.-Strange to say, neither Mr Bevington, Mr Pitt, 
nor myself, have been troubled with banking at the ends of the 
mortar box when using 1, 3, 5, 2, 4 or 1, 4, '2, 5, 3 as the order of 
drop, although Mr Peplar says it occurs. I would suggest to him that 
this banking he complains of is due to some other cause than the 
dropping of the stamps. I should expect banking with 1, 5, 2, 4, 
3, which Mr Peplar and Mr Smart recommend, since the two end 
stamps fall first, and while the other three are dropping there is 
nothing at work to clear out the ends of the box. With this order 
of drop I should expect No. 3 stamp to do inefficient work, for 
reasons already given. 

Striking Force oj Stamp.-I would point out to Mr Beaver that 
the weight of a stamp is a very different thing from its striking 
force, although he regards them as the same. The striking power is, 
as he points out, dependent on weight and length of drop, and theo
retically can always be kept even, though practically there is a 
very definite limit to this, for if the drop of one stamp is materi
ally greater than the average drop, camming will occur. To get 
with a 1050-1b. stamp a striking force equal to that of a 1250-1b. 
one with a drop of 8 ins., 9!-in. drop would be required, and this 

·in a fast running mill would probably cause the stamp to cam. 
Increasing the length of drop of any particular stamp can easily be. 
avoided by keeping all the stamps in one battery of about equal 
weight. ",Vhen a shoe is worn ,considerably more than the others, 
it should be removed to a battery where the shoes are worn to the 
same extent. 

Tappets.-The stupidity of battery managers in taking tappets 
which are not :f'l in. larger than the stems seems to have excited 
Mr Wilkes, and in the name of common-sense he asks why they 
are not bundled back to the makers. The answer is simple; 
because he knows that if he does so he cannot get the size required 
from any other maker's stock, since only 3~-in. and 3lill. tappets 
are kept. To get this -12 in. extra size the battery manager must 
order specially several months in advance, and then the makers 
humour what they consider his little fad. 
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AUG. 1904] Inside and Outside Amalgamation 469 

Cyanide.-Most of the contributors to this discussion advocate 
either the sparing use of cyanide or its total abolition. Mr Peplar 
thinks it hardens the plates, and several seem afraid that it may be 
used as a substitute for elbow grease. Cyanide merely cleans and 
brightens, and when it has been used, the absence of rubbing can 
easily be detected. I have not found that cyanide hardens amalgam. 
Despite Mr vVilkes' surprise, I adhere to my statement that it 
removes grease, for such has been my experience in using it. 
His remarks on its action on the gold on the plates must 
have been made without taking the conditions into account. 
If ~ oz. of cyanide has been used in dressing plates, it must 
not be assumed that this is evenly distributed among the 
hundreds of tons of pulp that afterwards pass over the plates. 
As a matter of fact, it is entirely removed during the first couple 
of minutes, as Mr Wilkes will discover if he takes a sample 
immediately after the water has been turned on and another two 
minutes afterwards. An assay of this first sample will, if h~ ma.kes 
a calculation on a 100-stamp basis, prove to him that the point is 
worthy of more consideration than he has given it. Cyanide used in 
dressing plates does not dissolve amalgam to any appreciable extent. 
After leaving some amalgam beads for twenty-eight days in a 0·3 
per cent. solution of cyanide, i.e. a solution nearly four times the 
strength of that used on the plates, their loss in weight was only 
30 per cent. of their original weight. I should like to know how 
Mr Pitt accounts for the presence of cyanide in the Rose Deep mill 
water, since it is not used in the mill. 

Amalgamation.-I have stated that I consider outside amalgama
tion pure and simple has proved itself to be as good as, if not 
better than, any other method of amalgamating, and that it is the 
method in which losses and risks of all kinds are reduced to a 
minimum. This I still maintain. If plates are properly dressed 
every four hours, sufficient mercury is supplied to keep them in 
good condition until the next dressing, and the addition of 
mercury between dressings is unnecessary. Mr Peplar says that 
feeding mercury in the ·box provides for sudden changes in the 
value of ore milled. Are not these varying values more imaginary 
than real 1 I certainly have never met them. Mr Peplar gives 
results to prove the good work that can be done with inside 
amalgamation, and challenges me, as a supporter of outside 
amalgamation, to show that equally good olles can be obtained by 
outside. I have not claimed better results as one of the arguments 
in favour of outside amalgamation. Simplicity of working and 
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470 1. Roskelley: Mt'll Construction [AUG. ]904 

few losses with results as good as those obtained by any other 
method is all I claim. But even on extraction outside amalgama
tion comes slightly first. 1\1r Peplar's figures are 65'5 per cent. of 
total extraction for inside amalgamation, and the general manager's 
report ~f the Robinson Deep for last year gives the mill extraction 
as 66'075 per cent. of the total extracti~n. The figures relating to 
the loss of mercury were taken over a period of six months and 
not for any particularly favourable month. It will be noticed that 
Mr Teesdale shows for the Van Ryn Estate a loss of mercury 
considerably lower than mine. Mr Peplar has had very accurate 
screen samples with inside amalgamation, but the fact that he has 
to brush up beads of mercury and amalgam from the lip of the 
mortar box and from the chuck-block when he hangs up the 
stamps, shows me that in less skilful hands screen sampling, under 
the conditions he advocates, is a very risky business, since these 
beads would be washed into the sample tin when the pulp is 
flowing. I have worked in four mills where inside amalgamation 
was practised, and in none of them could we get accurate screen 
samples. What Mr Peplar calls a screen sample r do not consider 
a sample, since it is obtained partly from gold that has been 
recovered in the mortar box and partly from the screen. This 
sample, instead of being a daily record of ore treated, is only 
obtainable when mortar boxes have been cleaned out and their 
amalgam retorted, say, once a month. As Mr Pitt has said, with 
inside amalgamation a millman is working more or less in' the 
dark. 

Sands from Mo1'iaT Box.-Mr Smart has taken up a statement 
which I made when speaking of mill samples. This statement is 
not as clear as it might have been, and accordingly I will explain 
exactly what I meant. When I said" the sands from the box are· 
but little richer" my point was this: the sand remaining in the 
box from a ton of ore crushed is little richer than the sands which 
pass through the screen, and therefore do not affect the accuracy 
of the screen sample. After three months' running the richnes& 
of these sands has been considerably increased since something 
like 2250 tons have passed through the box, and it is the heavier 
pyritic particles that remain, the light sands being carried away. 
'With 10-dwt. rock the sands from the box after a three months' 
run would go about 10 ozs. to the ton, Q.ut the t cwt. of 10-oz;. 
stuff from a shallow box would not be enough to affect the sample 
of the total amount passed through. Sands from mortar boxes 
contitin it large percentage of iron dne to the wearing down of 
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SEPT. 1904] Shaking- Tables and Black Sands 47 I 

dies, etc. j and for this reason, as well as on account of its richness, 
it must be treated separately. 

Shaking 7'ables.-Since I have not tried auxiliary shaking tables, 
it is with diffidence that I express an opinion as to their useful
ness. I am inclined to think that if the 12 ft. tables were 
lengthened to 16 ft. the 5 ozs. amalgamated per month would 
be caught on the table, and I certainly think the whole of the 
black sands can be collected there, since black sands remain best 
on the upper part of the table where amalgam is thickest. If, 
when dressing plates, t"he water is turned oft· before the stamps are 
hung up, most of the black sands can be brushed up from the plate, 
and the remainder can be washed down into a tray held in position 
at the bottom of the table when the dressing is completed. 

Water Service.-One objection, and only one, do I see to Mr Pitt's 
scheme for supplying the mill with water, and that is a practical 
one which can probably be removed. An amalgamator ought to 
be able to get at the cocks when standing beside the tables, so 
that he may see what he is doing. With!IIr Pitt's arrangement he 
has to run to the back of the mortar box each time he makes an 
alteration in the amount used, and the probability is that he wil 
turn on too much or too little. The water should be arranged to 
fall at the back of the box, and according to the inlets into the 
box the pipes should be run at the back or the front to secure this 

In conclusion, I would say that the only fault I have to find with 
Mr Bevington's criticism is its briefness, and would thank all the 
gentlemen who have contributed to the discussion 011 my paper. 

The President-I think the Society is to be congratulated on the 
very interesting paper we had some time ago from Mr Roskelley, and 
equally so on the discussion that followed. We had existed a good 
many years without having a paper on milling at all, but at last we 
have had a good one, and a good discussion. As milling is still a 
progressive art, I hope this paper will by no means be the last on 
this important branch of gold mining. 

ADDENDUlIf 

Mr H. T. Pitt (September 1904)-In Mr Roskelley's reply to the 
discussion on his paper on "Mill. Construction," etc., he expressed a 
wish to know how I accounted for the presence of cyanide in the 
Rose Deep mill water. 

I am very EOITY that I cannot oblige Mr Roskelley, as there is 
not a trace of cyanide in the Rose Deep Mill water. (It would be 
very unfortunate for the company, and for myself in particular, if 
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472 I. Roskelley: Mdt Constructzon [SEPT. 1904 

I were to allow free cyanide to get into the mill water.) But, if 
through any cause at any time cyanide should happen to get 
into the mill water, I would not look to the mill for the cause 
of its presence, but to the overflow of the slimes residue dam, or to 
the waste drain pipes of the cyanide tanks. 

There is absolutely nothing in my contribution to the discussion 
on Mr Roskelley's paper that would lead anybody to suppose that 
there was any cyanide in the Rose Deep mill water, and how Mr 
Roskelley has come to the definite conclusion that there is, I will 
leave him to explain. It will be valuable information for me and 
for the Rand Mines Metallurgical Department. 
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XIX 

THE DETERMINATION OF CONSTANTS IN WORKING 
CYANIDE SOLUTIONS. 

By GERARD W. WILLIAMS (MEMBER). 

PART I 

(Read at the February lvIeeting, 1904) 

IN the past few years several important papers have appeared 
treating with the determination of the various factors usually 
found in a working cyanide solution. The latest work has, I think, 
been contributed by L. H. Green 1 and G. E. Clennell. 2 In America 
much valuable synthetical data have been furnished by the re
searches of W. G. Sharwood 3 upon the double cyanide of zinc and 
potassium. 

Some months ago Mr A. F. Crosse instituted periodic analyses 
of the working cyanide solutions at the East Rand Proprietary 
Mines, Limited, and we went carefully into the various methods 
then published for the determination of the various factors. 

After a long series of determinations I came to the conclusion that 
none of the methods at present in use were capable of giving accurate 
results when tested against check solutions. I have endeavoured for 
some time to evolve a method capable of giving, at least, strictly com
parative results, and in this I think that I have been, to some degree, 
successful. Although, as I have stated, considerable work has been 
done on the determination of factors in working cyanide solutions, 
few chemists (Mr J. W. Sharwood's work is a notable exception) 
have devoted much time to the consideration of the ~ffect these 
various factors may have on gold-solvent and gold-precipitant value 
of the solutions. 

I propose, therefore, to devote this paper to the setting forward 
of the results which I have obtained from series of experiments 

1 "Proceedings of the Institute of Mining and Metallurgy," vol. x. pp. 
29-37. 

" "Proceedings of the Institute of Mining and Metallurgy, 1903." 
;: "Journal of the American Chemical Society," xxv. No.6. 
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474 Williams: Determination of Constants [FEB. 1904 

instituted with a view to determining the dissociation, and hence the 
gold-solvent power, of the double cyanide of zinc and potassium in 
the presence of the several factors usually found in a working 
cyanide solution. 

In the second part of this paper I hope to bring before the Society 
a method, or rather a resume of various methods, together with 
certain alterations, whereby it will be possible to determine these, 
factors with some degree of certainty. 

In reporting the analysis of a working cyanide solution, it is 
customary to report the cyanide present (in terms of potassium 
cyanide) as" free" cyanide and "total" cyanide. 

" Free" cyanide is usually taken as showing the amount of potas
sium cyanide present not combined with zinc or other similar metal. 
"Total" cyanide, referring to all cyanide present, whether in the form 
of potassium cyanide or as the double zinc or copper-potassium 
cyanide. Such cyanide is rendered" free" by the addition of caustic 
alkali as opposed to the cyanide which exists in the form of ferro
cyanide and sulphocyanate, and which is not set" free" by caustic 
alkali. 

The "free" cyanide, in solution, is, as I shall show, a function 
of several factors, or "constants," as I prefer to term them, since 
the ratio of " free" cyanide to "total" cyanide varies directly with 
these constants. 

These constants are dilution, temperature, alkalinity, and zinc 
or other metals which may form double cyanides of the type 
KM'(ON)2 or K2M"(CN)4' 

The accurate determination of the true" free" cyanide is of great 
value, as the gold extraction and precipitation depend upon it. 

I have based the interpretation of my results upon the dissociation 
of the double cyanide of potassium and zinc, K 2Zn(ON)4' On these 
fields we may neglect the part played by copper in our solutions. 
Potassium-zinc cyanide may be regarded as the potassium salt of 
hydro-zinci-cyanic acid, analogous to the more stable hydro-ferro
cyanic acid, H4Fe(ON)6' On dissociation in solution, this sa~t 

ionises into K.K.Zn(CN)4' but Zn(CN)4' the base of this hypothetical 
acid, is unstable and splits up into Zn(ON )PN, ON ; the final effect 
being that a certain few molecules are decomposed into 

KK.ON.ON.Zn(ONh 

The potassium and cyanogen ions are precisely similar to the 
potassium and cyanogen ions set free on the solution of normal 
potassium cyanide. 
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Consider a dissociated molecule of K2Zn(CN)4 in its relation to 
an atom of gold. 

(1) 2(KK.CN.CN.Zn(CN)2)+ 2Au+ 0 + Aq = 

2KAu(CN)2 + 2KOH + 2Zn(CN)2 + Aq. 

The ferro-potassium cyanide remains in solution; the other 
products of the reaction, viz. potassium hydrate and zinc cyanide 
inter-react variously, according to concentration, etc. The final result 
is a partial reconversion into K 2Zn(CN)4'. according to the equation-

(2) 2Zn(CN)2 + (2 + x)KOH = K2Zn(CN)4 + 
x+2 

ZnO(K20)J] + -2-H 20. 

Simultaneously zinc oxide and zinc cyanide are precipitated 
owing to this disturbance in the equilibrium of solution. 

The presence of caustic soda or potash tends to prevent the 
precipitation of zinc oxide and cyanide, and when in excess entirely 
prevents any deposit on the gold. I shall return to this point 
later on. 

The potassium hydrate produced by the solution of the gold 
maintains part of the zinc cyanide in solution. Equation (2) cannot 
be taken literally, as the exact interchanges depend on other factors. 

To return to the dissociation of potassium-zinc cyanide, zinc 
cyanide is normally insoluble, but whilst the products of dissocia
tion are undisturbed it remains in solution by virtue of the electric 
charge due to dissociation. 

The deposition of a normally insoluble ion may be accorn.plished 
by the removal of the corresponding ions; this may be effected by 
the addition of some other ion which will combine with them or by 
electrolysis. An example of the first method, I do not know if an 
exact parallel, occurs when silver nitrate is added to a solution of 
potaosiull1-zinc cyanide, whereby it is possible to precipitate some
thing like 40 per cent. of the zinc cyanide present. 

One of the most important laws in regard to the action of solutes. 
and solvents is that for given temperature and dilution, the dis
socia tion of the molecule proceeds until a certain" saturation" or 
pressure due to the dissociated ions is set up. After this point is 
attained the solution remains in equilibrium-dissociation and 
association of the ions being equal; if, however, the products of 
dissociation are removed, the undissociated molecules dissociate in 
order to restore the equilibrium thus disturbed. In the case under 
comideration the reaction may be considered as under, K2Zn(CN).j, 
remaining in excess :-

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



476 Wtlliams: Determination of Constants [FEB. 1904 

KKCN.CN.Zn(CN)2 + AgNOa = KAg(CN)2 + Zll(CN)2 + KNOg• 

Potassium-silver cyanide remains in solution but zinc cyanide is 
precipitated. The tension 01' pressure due to dissociation being now 
diminished, more molecules of potassium-zinc cyanide should com· 
mence to dissociate in order to restore the ionic-tension of the 
solution. This actually occurs; at first sight one might expect by 
repeated titrations to decompose all the double cyanide present; 
this is not the case. The successive amounts of silver nitrate 
solution required to give opalescence with potassium iodide fall off 
rapidly and soon (after titrations of, say, 3'0, 1'0, 0'2, 0'1 c.c.) a 
new equilibrium is attained, and. the yellow tint of silver iodide is 
permanent. A reason for this apparent anomaly is found if we 
investigate the secondary products of the reaction. Solutes in 
solvents obey the same laws that hold for gases and vapours in 
closed spaces, hence the degree of dissociation of a salt in solution 
is independent of the presence of other dissimilar salts in the same 
solution-provided that no molecular changes take place between 
them. In the reaction under consideration we have in solution 
potassium-zinc cyanide and potassium-silver cyanide; the other ions 
may be disregarded. 

The ultimate products of dissociation are :-

(i) K2Zn(CN)4 = Zn(CNh2KCN. 
(ii) KAg(CN)2 = AgCN.KCN. 

Hence every molecule of dissociated potassium-zinc cyanide acted 
on by silver nitrate gives one molecule of potassium cyanide as a 
dissociation product of the potassium-silver cyanide formed. (I 
here assume equal value of dissociation for the two salts.) 

In other words, the tension set up by the dissociation of the 
potassium-silver cyanide is, in part, of the same kind as that set up 
by the dissociation of potassium-zinc cyanide, hence the pressure 
of the potassium cyanide ions from the potassium-silver cyanide 
ultimately prevents the total dissociation of the potassium-zinc 
cyanide, and a point of equilibrium is attained. Owing to the fact 
that dissociation is continuous, it is not possible to obtain definite 
curves showing the action of successive additions of silver nitrate. 

In all cases subsequently dealt with, except where otherwise 
stated, I have taken the final value of silver nitrate obtained after 
standing. I prefer to titrate slowly, ta~ing about three minutes 
over each titration, this method giving results of the greatest 
concordance. 
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DILUTION 

I have stated that the degree of dissociation of any molecule is a 
function of the pressure-in other words (for unsaturated solutions) 
of the dilution. I append a table (A) showing the percentage of 
cyanide shown on titration with silver nitrate in a potassium.zinc 
cyanide solution of varying dilution. It will be seen that from 
1 : 1500 to 1 : 6000 the dissociation varies directly as the dilution; 
subsequent dilution appears to have no effect. This may, however, 
be due to the difficulty of accurately observing "end points" in 
extremely dilute solutions. 

A.-DISSOCIATION DUE TO DILUTION 

Ratio of Per cent. of 
~ZIl(ON)4 to '1'01;,'11 Remarks. 

Water. K 2Zn(ON)4' 

1 : 500 49'4 Turbid solution precipitate of 
Zn(ON)2' 

1 : 1000 49'4 Do. 
1 : 1500 49'6 Do. 
1 : 2000 54'0 Do. 
1 : 2500 57"0 Turbid solution precipitate of 

1 : 3000 61'0 
Zn(ON)2 + ZnO. 

Solution clear. 
1 : 3500 66'0 Do. 
1 : 4000 68'2 Do. 
1 : 4500 72'0 Do. 
1 : 5000 75'9 Do. 
1 : 5500 76'5 Do. 
1 : 6000 77'2 Do. 
1 : 7000 77'2 Do. 

NOTE.-In this and subsequent tables percentages refer to "total 
cyanide," the equivalent in terms of potassium cyanide of all the 
"cyanogen" contained in the solution, both as potassium cyanide 
and zinc cyanide. 

I wish, however, to direct attention to another fact brought out 
in this series of experiments. When the dilution did not exceed 
n\ro (0'066 per cent.) a precipitate was thrown down before the 
point of equilibrium, as denoted by potassium iodide, was attained. 
This precipitate consists of zinc cyanide together with some zinc 
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(lxide and is deposited, as before stated, by the elimination of 
pot,assium cyanide.from the molecule of potassium-zinc cyanide. 

The ratio of 2KCN; ZIl(CN)2 is 1 ; 1, so when the indicated 
potassium cyanide in any reaction (where there are no other factors 
to decompose the potassium-zinc cyanide) exceeds 50 per cent. 
"total" cyanide, it is obvious that some of the zinc cyanide has re
acted with the silver nitrate. The most probable reactions are ;-

(i) 2KCN.Zn(CN)2 + Aq = ZnO + 2HCN + 2KCN + Aq. 
(ii) 2HCN + 2AgNOa = 2Ag(CN)2 + 2HNOa. 
(iii) 2HNOa + ZnO = Zn(NOa)2 + H20. 
(iv) 2KCN + 2AgCN = 2KAg(CNh 

These reactions take place simultaneously, and could only take 
place to any extent in the presence of silver nitrate. 

The limit of dissociation, as shown by silver nitrate, appears to be 
77'2 per cent. at 20° C. This figure is not the actual gold-solvent 
value of the solution, but is proportional to it. 

Since dilution has so great an effect upon the" cyanide" value of 
the double cyanide, I found it of the utmost importance in all 
titrations made with a view to determine the" potassium cyanide" 
value under other conditions, to maintain a constant" end volume" 
for any series of experiments. This was accomplished by first 
running the series direct, and then adding to each of another series 
:such an amount of water that the" end volume" would be constant. 
The experiments were made in series, and unless a series was 
carried right through at once, subsequent determinations did not 
agree, although they gave parallel curves. This irregularity was 
probably due to differences in light and temperature. The former 
is an important consideration, for the" end point" is, in turbid 
solutions, very faint, since it is necessary to add only a trace of the 
indicator. 

The curves given are mean curves obtained from a considerable 
series of experiments. They are recalculated on a basis of 

1 molecule K2Zn(CN)4; N equivalents alkali. 

EFFECT OF POTASSIUM CYANIDE. 

On theoretical grounds the dissociation of potassium-zinc cyanide 
should vary inversely with the amount of.potassium cyanide present, 
since the potassium cyanide prevents the dissociation of the double 
cyanide. . 

The results obtained ·are em bodied in the table and Clll've (B) 
annexed, and give strong support to the view advanced. As these 
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-curves stand, they point to the fact that potassium-zinc cyanide in 
solution is not only inert but actually harmful. Subsequent work 
-on the effect of alkaline hydroxides on such solutions has modified 
my views on the subject somewhat; but I will leave the discussion 
of the value of the double cyanide until we have considered the 
influence of certain other factors upon its dissociation_ 

TABLE B 

Under 25 c.c. final dilution. 24 0 C. 

10 C.c. 1~ K2Zn(CN)4 require 2'65 c.c. standard AgNOa (50 per 

cent. dissociation). 

1 C.c. 1~0 KCN require 1'36 c.c. standard AgNOa (50 per cent. 

dissociation ). 

~Zn(CN)4 KCN c A NO I Per cent. of c.c. AgN03 
c.. .g 3 Total 50 per cent. dis. c.c. c.c. reqmred. Cyanidc. H 2Zn(CN) •. 

--

10 0 2'65 50'0 2'65 
10 1 2'80 48'0 4'01 
10 2 2'90 36'8 5'37 
10 3 3'10 33'5 6'37 
10 4 3'25 30'6 8'09 
10 5 3'45 28'2 9'45 
10 6 3'60 27'0 10'81 
10 7 3'70 25'5 12'17 
10 8 3'90 24'5 13'53 

EFFECT OF ALKALINE HYDROXIDES 

This series of experiments was carried out by means of observa
tions on "end point," as shown by potassium iodide, on a 0'2 per 
cent. solution of potassium-zinc cyanide, with additions of 0'25, 0'5 

per cent. solution c.c. ~NaOH or KOH. 

The general effect (in solutions where dissociation due to dilution 
does not exceed 50 per cent. total cyanide) is a slight increase in 
efficiency until a dissociation of 55-60 per cent. is attained. 
Subsequent dissociation varies directly with the caustic soda or 
potash added until a limit of 97 per cent. is reached. After this 
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point the curve of dissociation falls off and slowly approximates to 
the straight line indicative of total dissociation. The following 
results were obtained with molecular solutions: 0'247 per cent. 
potassium-zinc cyanide and 0'0056 per cent. potassium hydrate. 

The following table shows the general effect:-;-

TABLE C. (See Curve C) 

..i!: ~ Proportion of 
.& KzZn(CN). 0; 

Z 0 ;.. 

$ p:l 6 8 to KOH by E 
weight. 

., 
~ 

0 Z '-0 i; 
~ on °3 ~ Nature of 

~ zl~ 
<:1 <J) ;:< 

." S Preci pi ta teo 
0 zl~ bn" Z " ,,>. 8 ~ 

~o P:i 0 
0 2-"" 0 ;:< 
0 <J) 0 " 0 " ::: 

<:i ... 
~1 ~ 

<J) 

" ~ 0 Po< ~ 
--------------

25 0'00 5'05 50'0 100 0'0 21 0 C. Turbid solution. 
25 0'25 5'10 50'5 100 2'8 21° C. Do. 
25 0'50 5'15 51'0 100 5'6 21 0 C. Do. 
25 1'00 5'40 53'5 100 11'2 21" C. Flocculent -

57'7 
precipitate. 

25 1'50 5'80 100 16'8 21 0 C. Do. 
25 2'00 6'50 64'0 100 22'4 21 0 C. Do. 
25 2'50 7'30 72'0 100 28'0 21 0 C. Do. 
25 3'00 8'10 80'0 100 33'6 21 0 C. Do. 
25 3'50 9'00 88'8 100 39'2 21 0 C. Do. 
25 4'00 9'70 96'3 100 44-'8 21° C. Clear solution. 
25 4'50 10'00 99'0 100 50'4 21 0 C. Do. 
25 5·00 10'10 100'0 100 56'0 21 0 C. Do. 

The curve plotted from these values is a straight line inclined at 
a slight angle to the straight portion of curve C. The high initial 
value of dissociation is due probably to the temperature, and 
readings were taken on a close dull day. It will be seen that there 
is no preliminary gradual increase in dissociation, but that the 
curve is a straight line. 

The gradual increase forming the lower portion of curve C is only 
found when the initial dissociation does not exceed 50 per cent. 

I find that it is wellnigh hopeless to attempt the evolution of 
equations to explain the various values of /" free" cyanide obtained 
with varying proportions of potassium hydrate and potassium-zinc 
cyanide, the dilution factor being of too great importance to allow 
of any empirical equation being framed. (Dilution as we have 
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seen can show 72'2 per cent. of the "total cyanide" as "free" 
cyanide.) 

If we consider the limiting value of caustic alkali for the pre
ceding table, we find that 0'0112 gm. potassium hydrate + 0'0247 
gm. potassium·zinc cyanide gives total dissociation. The dissocia· 
tion due to dilution was 56'6 per cent., but for our purpose we may 
consider that potassium hydrate was required to decompose 0'0117 
gm. zinc cyanide, 0'013 gm. potassium cyanide being already dis
sociated as such. 

'Ve may therefore write an equation-

Zn(CN)2 + 2KOH + Aq = 2KCN + ZnO + Aq, 

from which it would appear that in dilute solutions complete 
dissociation is p'ossible in the presence of silver nitrate when there 
is sufficient alkaline hydrate in solution to replace the zinc in the 
zinc cyanide. 

This amount makes no provision for the formation of potassium 
zincate; the assumption that this salt is formed, the equation 
would be-

K2Zn(CN)4 + (2 + x)KOH = 4KCN + ZnO(K20)x + (2; OJ)H20, 

when (2 + x) is probably not les~ than 9 in strong solution, but may 
be as small as 3 in very dilute solutions. This would give a limit
ing value of 1 : 9, whereas we have seen that the limiting value 
obtained was 1 : 2. It is therefore necessary to consider the part 
played by the silver nitrate. 

The simplest equation possibly is-

2Zn(CN)2 + (2 + x)KOH + 2AgN03 + Aq = 2KAg(CN)2 + 
Zn(N03)2 + ZnO(K20)x + Aq. 

'TABLE D 

Volume o[ I V~IUmeO[ 
Weight of Weight Proportion of Percentage Tempera~ Final K,Zn(CN),' TOKOH K,Zn(CN),. olKOH. Molecules. Dissociation. tUl'e. Dilution. 

c.c. C.c. 

,---
gramme. grnmme. K,Z8(CN),KgH. 

55'6% 10'0 0'00 0'0247 0'0000 28° C. 20 c.c. 
10'0 0'25 0'0247 0'0014 4 1 61'0% :l8° C. 20 c.c. 
10'0 0'50 0'0247 0'0028 4 :l 66'0% 28° C. 20 c.c. 
10'0 0'75 0'0247 0'0042 4 3 72'0% 28° C. 20 c.c. 
10'0 1'00 0'0247 0'0056 4 4 77'3 % 28° C. 20 C.c. 
10'0 1'50 0'0247 0'0084 4 6 88'5% 28° C. 20 C,c. 
10'0 2'00 0'0247 0'0112 4 8 100'0 % 28° C. 20 c. c. 
10'0 i 2'50 0'0247 0'0140 4 10 100'0 % 28° C. 20 c.c. 

Indicator: 2 drops 2 per cent. IeI, 
2H 

Nature of 
Precipitate. 

Turbid. 
Do. 

Flocculent. 
Do. 
Do. 
-

CleiLr, 
Do. 
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The action of the potassium hydrate being somewhat that of a 
carrier-enabling the zinc to be taken up in the form of the 
nitrate. 

If we consider the limiting values obtained from Table C, we 
find that 0'05 gm. potassium-zinc cyanide requires 0'028 gm. 
potassium hydrate for total dissociation, as indicated by potassium 
iodide; reducing to molecular proportions the equation becomes 
(allowing for experimental error)-

4K2Zn(CN)4 + 10KOB + 8AgNOg + Aq = 8KAg(CN)2 + 
3Zn(NOg)2 + Zn0.4(K20) + 2KNOg + Aq. 

The proportion of zinc as nitrate to zinc as zincate is not fixed, but. 
varies with dilution, etc. I verified the existence of zinc in both 
of these forms of nitrate and zincate, but have not been able to go 
into the question of their relative proportions. 

The limiting values in the two equations given do not agree, the 
molecular proportion of double cyanide and alkali being as 1 ; 2'5 
and 1 ; 2. The reason for this must be sought for in the 
conditions of final dilution (sk and .;--lo\l-), as also in differences in 
temperature. 

As before stated, the results so far given have been obtained by 
titration to opalescence by means of potassium iodide indicator. 
The result obtained is invariably too high, owing to the influence 
of time or the reaction. If silver nitrate is added to a solution 
of potassium-zinc cyanide until the first trace of opalescence 
appears (due to the throwing down of zinc cyanide), a much closer 
approximation to the true value of dissociation is obtained. 
Annexed table (E) and curve (E) show the readings obtained. 

It will be seen that the curve increases proportionally up to 
about 65 per cent. dissociation; above that the curve flattens down, 
forming a straight line, slowly approximating to 100 per cent. 

The end readings are vague, and it is extremely doubtful 
whether the curve would even reach to the 100 per cent. mark. 

With 50 C.c. l~KOB ; 25 C.c. 0'247 per cent. potassium-zinc 

cyanide the dissociation was only 89 per cent.; the molecule pro
portions were-

The maximum dissociation per mole~ule of potassium hydrate is 
shown by the break. in the curve at 64 per cent. It there repre-
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sents potassium-zinc cyanide, 3'2 potassium hydrate giving 64 per 
cent. dissociation, the equation being-

(i) 100K2Zn(CN)4 = 200KCN + 28(Zn.CN.CN) + 72Zn(CN)2 
(ii) 28(Zn.CN.CN) + 320KOH = (approximately) 
(iii) Zn(CN)2 + llKOH = 2KCN + ZnO.9(KOH) + H20. 

I consider that the probability of this equation to be considerably 
.strengthened by the work of J. A. Sharwood 1 when the limiting 
equation in the cold for dilute zinc oxide was K2Zn02.8(KOH)
the same value that I have found myself. 

In the light of this independent work (also Prescott and 
Wilson 2), I think that we may assume that the silver nitrate has 
not entered into these reactions, and that 64 per cent. is not greatly 
in excess of the actual dissociation. 

TABLE E 
Titration to Opalescence 

c.c. of 0'247 % c.c. ~ KOH. 
Per cent. 

" free" KCN shown 
K2Zn(CN) •. a t opalescence. 

25 0 16'0 
25 1 26'0 
25 2 30'0 
25 3 32'5 
25 4 36'0 
25 5 40'5 
25 6 46'0 
25 7 53'5 
25 8 64'4 
25 9 65'0 

25 50 89'0 

Shown on curve E. 

Sharwood (ibid.) has stated t,hat the solvent power of potas~ium
zinc cyanide varies directly with the alkali added-thus bearing 
out my theory that the curves shown represent proportionally the 
actual gold-solvent power of the double cyanide under varying 
.conditions. 

1 Am. Ohemical Society, xxv. 584. 
2 JMm~al Am. Oh~rnical Society. 
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EFFECT OF ALKALINE HYDRATE ON K2ZN(ON)4' KON, KOH. 
In view of the effect of potassium cyanide in damping down the 

" free" potassium cyanide value of potassium-zinc cyanide when 
the two are mixed together, I made a serles of experiments on 
the effect of hydrates and carbonates on a niixture of potassium
zinc cyanide and potassium cyanide. 

I found that the dissociation of potassium cyanide III the 
double cyanide was but little affected, the limiting value of alkali 
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Molecular Ratio Fl.--K2Zn(CN)4: KCN : : 10 : '3'3 (approximately)_ 
Molecular Ratio F2_-K2Zn(ON)4 : KON :: 1 : 1 (approximately)_ 
Molecular Ratio F3_-K2Zn(ON)4: KON : : 1 : 3'1 (approximately)_ 
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for complete dissociation being slightly greater. As will be seen 
from the annexed curves and tables the potassium cyanide added 
appears to have little or no effect; the similarity between the curves, 
both in titration to opalescence and on titration to permanent 
yellow with potassium iodide, is obvious. Such divergences as 
exist may be put down to experimental errors. 

One curious fact was brought to light in this series of titrations 
to opalescence. When potassium-zi.nc cyanide and potassium 
hydrate are estimated to first opalescence the curve breaks sharply 
at about 64-66 per cent., and the ratio of increase is then much 
smaller. 

This break does not occur when potassium cyanide is present, but 
all the potassium-zinc cyanide may be set" free," according to the 
equation-

2K2Zn(CN)4 + 13KOH + Aq = SKCN + nnO + 9KOH + Aq. 
The excess of potassium cyanide maintaining the zinc in solution. 

EFFECT OF ALKALINE CARBONATE 

Equivalent for equivalent sodium (potassium) carbonate has half 
the value of the alkaline hydrate. 

On titration with silver nitrate a precipitate consisting of 

{Zn(CN)2}x{ ZnC03• Na2CO,Jv 
is thrown down; x and y vary inversely from 1 to O. 

TABLE Gl. (See Curve Gl) 

Effect of Na2C03 

...; 
::: " ,,~ 

C'.JZ 
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l_N 
~~ 
o ---- ---- ---- ----!----I----- ----I 
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56 25 
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90 25 
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100 i 25 
100 25 
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TABLE G2. (See CUl've G2) 
! 

c.c.0·20 % N Percentage free 
K2Zn(ON) •. t:.C. 10N3..:!OOj. KON. 

25 0'000 50'0 
2.5 0'625 53'4 
25 1'250 58'2 
25 2'500 61'5 
25 3'750 70'0 
25 5'000 79'6 
25 6'250 83'5 
25 7'500 90'3 
25 8'750 96'1 
25 10'000 99'0 
25 11'250 100'0 

Limiting equation-

K2Zn(CN)4 + 2Na2COS = 2KCN + 2NaCN + ZnC03.Na2C03• 

Although sodium carbonate has only half the equivalent value of 
sodium hydrate as a factor in dissociation, it possesses this advantage
over the alkaline hydrate in that an~excess of it in solution does 
not form the troublesome white precipitate of hydrated zinc oxide 
which interferes with precipitation so much in the weak boxes. 
This precipitate is formed only when an excess of alkaline hydrate 
is present in solution, or rather when the ratio of sodium hydrate
to "total" potassium cyanide exceeds INaOH : 5KCN. 

Sodium bicarbonate is one of the products of decomposition 
formed in the zinc boxes, and this in the presence of hydrate is 
converted into normal carbonate. 

Although calcium forms a double cyanide which is unacted upon 
by reagents which normally interact with calcium, yet by virtue of 
"mass action" when the carbonate attains a certain excess to the
calcium, precipitation of the normal carbonate takes place. 

The success which attended the addition of carbonate to Mr 
Torrente's solutions, as suggested by Mr Crosse, may be attributed 
to the effect of this" mass action." 

As Mr Crosse pointed out, the addition of so small a quantity of 
carbonate "upset the equilibrium," and, calcium, known to be 
injurious to precipitation in the boxes, was thrown out of solution. 

I appehd tables and curves for titration values of potassium-zinc 
cyanide and sodium carbonate to yellow by potassium iodide. 
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The curve for opalescence (not shown as the readings were too 
vague) would appear to be flatter than that shown for sodium 
hydrate. This is a result one would expect. 

EFFECT OF LUlE 

Lime, CaO, when added in solution to the double cyanide of zinc 
and potassium has the same effect as potassium hydrate per 
equivalent added. No zinc, however, is taken into solution, but it 
is all precipitated as the hydrated zinc oxide when silver nitrate is 
added to the solution. 

The general effect is shown on Table H and curve H. 
The limiting equation is-

K2Zn(CN)4 + CaO + 2AgN03 = 2KAg(CN)2 + Ca(N03)2 + ZnO. 

In working solutions containing carbonates this reaction does 
not take place direct. Calcium oxide cannot remain in solution in 
the presence of carbonates, and since working solutions always 
contain carbonates, the only explanation seems to be that given by 
the equations :-

(i) UaO + 2KCN + Aq = Ca(CN)2 + 2KOH + Aq. 
(ii) Ca(CN)2 + 2KCN = K2Ca(CN)4' 

This ultimate compound may be regarded as the potassium salt 
of a hypothetical hydrocalci-cyanic acid, analogous to hydrozinci
cyanic acid, H2Zn(CN)4' I admit that it requires an effort of the 

c.c.0·247 Icc N Final per cent. "10 Volume. K,Zn(CN),. CuO. 

25 0'0 50 

TABLE H 

Effect of Lime, CaO 

Percent--
RjZe free Natureof Precipitate. 

KCN. 

50'0 
x=1 6=0 

Turbid solution; precipitate (Zn(CNhlz(Zn ly. 
I 25 0'5 50 55,0 

Clear soi~tion; floccul~nt precipit~te (Zn(CNh)x(ZnO)v. 25 1'0 50 59'U 
63'5 25 1'5 50 

" " " " 25 2'0 50 68'0 
" " " " 25 2-5 50 72'5 
" " " " 25 3'0 50 77'0 
" 

., 
" " 25 3'5 50 81'5 

" " " " 25 4'0 50 86'0 
" " " " 25 5'0 50 95'5 
" " " " 25 5'5 50 100'0 
" " " " x=O y=1 

25 6'0 50 100'0 
" " " 

(Zn( CN)2h(ZnOlv, 
I 

Limiting equation: K2Zn(CNl.+CaO+2AgNOa=2KAg(CNl2+Ca(N03h+ZnO. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



488 '-'Villiams,' Determination of Constants [FEB. 1904 

imagination to conceive of calci.um, one of the most exemplary of 
base-forming elements, functioning as part of an acid radicle, but 
the unexpected always happens in working cyanide solutions. The 
reactions which take place-or do not take place-in our solu
tions are often most upsetting to one's preconceived theories; 
the most normal of elements behaving in the most abnormal 
manner. 

There are several arguments in favour of the presence of this 
compound in our solutions. First, the curve for the addition of 
equivalent quantities of sodium hydrate and calcium hydrate are 
similar. Thus justifying the equation-

2KCN + CaO + Aq = Ca(CN)2 + 2KOH + Aq. 

Secondly, calcium carbonate is soluble in cyanide solntions-

2KCN + OaCOg = Ca(CN)z + K 200g• 

And such a solution added to a solution of the double cyanide 
shows an efficiency equivalent to 2 equivalents CaO = 1 equivalent 
KOH, anrl we have seen that the effect of potassium carbonate is 
one-I,al f the effect of potasRium hydrate per equivalent. 

Thirdly, when a working solution is warmed a deposit of calcium 
carbonate forms. 

Increased temperature has caused complete dissociation of the 
potassium-calcium cyanide, setting free calcium cyanide, which 
combines with the carbonates present forming calcium carbonate
precisely as the zinc cyanide contained in potassium.zinc cyanide 
can only combine with sodium sulphide when it has been dissociated, 
either by the addition of alkali or by heating, as in Mr Crosse's 
regeneration process. 

In regard to' the possible isolation of this compound, such 
experiments as I have made would point to the improbability of 
doing so except with the aid of special apparatus. A solution of 
potassium cyanide and calcium cyanide mixed in molecular propor
tion and evaporated in an atmosphere of hydrogen, or in vacuo, 
might precipitate the double salt; it is, however, an experiment 
which few of us have leisure or means to attempt. 

In regard to the existence of this double cyanide in solution, I 
made the following tests :-

A solution of calcium cyanide was prepared by passing hydro
cyanic acid into milk of lime. The excess of calcium oxide was 
determined in the filtered solution, precipitated by means of sodium 
.carbonate filtered, and an equivalent amount of decinormal hydro-
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chloric acid added. The excess of calcium oxide in the experiment 
actually performed was only 0'008 per cent. Hydrochloric acid is 
added to neutralise the sodium hydrate set free by the action of 
sodium carbonate on calcium oxide. 

The strength (in terms of potassium cyanide) of this solution was 
accurately determined and an equivalent amount of pure potassium
cyanide solution added, t,hllS forming a solution of potassium
calcium cyanide. 

The following table shows the effect of various reagents on 
Ca(CN)2' K2Ca(CN)4' and K2Ca(CN)4 in excess of KCN :-

Reagent. Ca(CN),. K,Cu(CN),. I K, rB(CN), + Excess KCN. 

Am. Oxalate White precipitate; im- White precipitate; form White precipitate; form 
Sod. Phosphate mediate. slowly. slowly. 

Sodium Carbon- Immediate precipitate No precipitate when small No precipitate, but very 
ate if Ca(CNh in large quantity of Na."C03 much larger quantity 

excess, precipitate added; on increasing of Na2C03 required; if 
slowly redissolves. amount of carbonate, Ca(CNj.:KCN=l: 10, 
Total precipitation fine, almost ·opalescent no precipitate in cold 
if excess Na."C03. precipitate appears and or adding twice equi-

redissolves. Excess of valent of Na."C03 re-
Na."C03 does not precipi- quired for precipita-
tate all calcium in cold. tion. Total precipita-
Warm solution, immedi- tion impossible in cold. 
ate precipitate when 
Na2C03 added. 

.- -

Silver Nitrate. Total " CN " shown. Total" CN " shown. Total "CN" Ehown. 

Potassium Strong solution pre- No visiblc effect. No visible effect. 
Hydrate cipitate of Ca(OH).. 

Zinc and Lead- V cry slow action, small Action more rapid; more Action more rapid; 
Zinc amount of zinc dis- zinc dissolved, but less rapidity depends on 

solved. than when KCN alone amount of KCN in 
used. excess. 

Gold Solvent action of all salt" appears almost equal. 
Tests applied not very exact, but certainly show that Ca(CN), is as good a 

solvent as KCN, and that K2Ca(CN)J is but little less effective in dilute 
(0'2 per cent.) solutions. Test made by immersing slips of glass coated with 
gold leaf in various solutions and noting time taken to dissolve. 

From these experiments I drew the following conclusions :-
(i) That potassium cyanide and calcium cyanide can unite to 

form a very readily dissociated compound, having the empirical 
formula K2Ca(CN)4' 
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(ii) That this compound in excess is permanent in the presence 
of weak bases (e.g. carbonates), but is decomposed by stronger ones· 
(e.g. oxalates), the decomposition not being immediate. 

(iii) As in the case of the action of an excess of potassium 
cyanide on potassium-zinc cyanide, an excess of potassium cyanide, 
renders the compound more stable. 
. (iv) The compound acts as a solvent for gold, and the presence· 
of potassium-calcium cyanide in solution has no appreciable effect. 
on the solvent power of a solution. 

(v) That in the presence of zinc or of zinc-lead no appreciable 
deposit of lime is formed (at any rate, under experimental condi
tions). 

(vi) That potassium cyanide can dissolve calcium oxide and 
carbonate of lime with formation of potassium-calcium cyanide and 
potassium hydrate and potassium carbonate respectively. 

Calcium oxide is readily soluble, but calcium carbonate only 
when freshly precipitated, and then requires large excess of 
potassium cyanide. 

BICARBONATES 

The effect of adding sodium bicarbonate to a solution is as· 
under :-

(a) When alkaline hydrate is present sodium -monocarbon
at.e formed, which behaves as shown - hence "free" cyanide· 
diminished. 

(b) No alkali present; bicarbonates are without action on potas
sium-zinc cyanide. 

CONCLUSIONS 

(i) That the value of "free" cyanide as shown by titration with 
potassium iodide, as indicated, is not the actual "free" cyanide· 
present in the solution. 

(ii) On titrating without potassium iodide to the first trace of 
opalescence-due to the throwing down of zinc cyanide-a much 
more exact approximation may be obtained. 

In regard to titrations with potassium iodide as indicator :-
(i) The silver nitrate enters into the reaction, forming soluble· 

zinc nitrate in part. 
(ii) The "free" cyanide is directly proportional to the alkali 

present. 
(iii) The equation-

K2Zn(CN)4 + 4KOH = 4KCN + K 2Zn02 + 2H20 
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does not represent the changes actually taking place. The limiting: 
reaction being 

2K2Zn(CN)4 + 4KOH + 4AgNOg = 4KAg(CN)2 + 
{xZn(N03)2y(2KNOg)z(K20)ZnO) } 

where x+y+z= 1 and vary inversely with one another and z is, 
limiting value of K 20 to maintain ZnO in solution (about 8-9 
equivalents to form K 2Zn028KOH). 

(iv) The precipitate thrown down consists of a zinc cyanide. and 
uxide (hydrated)-

{Zn(CNh}x{ZnO}y 

where a; and y vary indirectly and x and y = 1. 
The effect of the equivalent quantities of sodium, potassium, and. 

calcium hydrates are equal, except that zinc oxide is entirely in
soluble in calcium hydrate, and a precipitate of zinc oxide is always 
thrown down when calcium oxide alone is present. 

(v) The alkaline carbonates have only half the efficiency per 
equivalent of potassium hydrate or sodium hydrate. 

One molecule of NaOH (= 1 equivalent) acts as 
One molecule of Na2COg (= 2 equivalents). 

(vi) The precipitate thrown down on titrating with carbonate m 
solution is represented by 

{Zn(C~)2}X{ ZnCOgNa2COg}y 

when x and y vary indirectly; x + y = 1. 
Titration to opalescence without potassium iodide :-
(i) The free cyanide shown is, within limits, proportioned to the· 

amount of alkali. 
(ii) The curve is practically parallel (over 20 per cent. to 64 per 

cent.) with the curve for carbonates (with potassium iodide). In 
other words, it requires twice as much hydrate to indicate any given 
dissociation by this method of titration than it does when the titration 
is carried out with potassium iodide, when part of the zinc is taken 
up as nitrate. 

(iii) The condition of the limiting value (64'4 per cent. dissociation). 
agrees with the facts shown by Sharwood 1 as to the solubility of 
zinc oxide in caustic soda. 

1 Jonrnal of the AmerJ"can Chemical Society, xxv. 6, 595. 
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GENERAL CONCLUSIONS 

In a solution containing zinc cyanide and.. hydrate, the true" free" 
cyanide is 'a function of the ratio of zinc: alkali only, and is not 
affected (dilution being unaltered) by the addition of potassium 
cyanide to the solution, 

That although the" free" cyanide increases proportionately with 
the alkali present, it is not practical to have all the cyanide in the 
double zinc cyanide in the "free" state, owing to the secondary 
effects of an excess of alkali on the solutions. 

Hence the bulk of the potassium-zinc cyanide present is inert 
and useless for the purpose of solution of gold, 

The effect of M equivalents of sodium hydrate or potassium 
hydrate and N equivalents of sodium carbonate or potassium 
carbonate is cumulative and' equal to 

M + ~ equivalents of KOH. 

In a solution if 
T = Total cyanide (in terms of KCN), 
Z=Zinc, 
T1 = Equivalent of KCN to all zinc as K2Zn(CN)4' 
P = Total protective alkali '(as KOH). ' 

Case I.-Where T> T1 
Free cyanide equals 

T _T1+T1([~ + 1'16]) 

where [f1 x 1'1 ] equals per cent. dissociation obtaiucd from chart 

'for 1 molecule of K2Zn(CN)4 and ;1 x 1'16 molecule KOH. 

Case II.-Where T < T1 
Let Z1 = Zinc required to form K2Zn(CN)4 - with" T" KCN. 
7'75 (Z - Z1)= KOH to maintain excess of zinc in solution. 
Effective protective alkali P - 7·75 (Z - Z1). 

rp - 7'75(Z - Z1) ] 
Free cyanide = T xL T x 1'16 

The equation given for" free" cyanide ~s incorrect. Free cyanide 
is really greater than amount given by equation. In given case, at 
least 7 molecules of KOH are available for dissociation when 
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zinc is present as ZnO.9K20, and equation is more correctly 
written :-

NOTE.-It must be clearly understood that even titration to 
opalescence cannot be considered to give an accurate value of the 
dissociation but only a curve proportional, and as I think, very near 
to it. 

The determinate of actual dissociation under the conditions in
vestigated above by chemical methods could only be carried out by 
Kjeldahl's or some similar electro-physical method. 

I have had exceptional opportunities for carrying out this 
research, the work having been done in the experimental laboratory 
of the East Rand Proprietary Mines. For this my thanks are due 
to Mr F. Hellmann (the General Manager) and t~ Mr A. F. Crosse 
(the Consulting Metallurgist of the East Rand Proprietary 
Mines, Ltd.). 

The President-I fear I have rather a difficult task before me to 
adequately thank Mr Williams for the highly scientific paper he 
has laid before us .this evening. It is a paper which I am sure you 
will have found somewhat difficult to follow, as, I must confess, I 
have myself; it embraces an enormous amount of research work, 
the value of which, I think, any man who has had a difficulty with 
his cyanide solutions will thoroughly appreciate. I do not think 
at this stage I can say anything further about this paper, because, 
like most of you, I should like to take it home and read it carefully, 
as it deserves careful consideration. At the same time I should 
like to add that Mr Williamf! is quite a young member of our 
Society, and I hope the production of such a paper will form an 
encouragement to other young members, who, though not necessarily 
aiming quite so high as Mr Williams has done, may at the same 
time produce papers which in their own way may be equally 
valuable to this Society. 

Mr A. F. Crosse-I am glad my assistant's (Mr. Williams) paper 
has met with your approval. There has been a certain tendency 
in our Society rather to undervalue what is called theoretical work. 
As you know, I am more or less responsible for the conditions of 
the working cyanide solutions on the East Rand Proprietary 
Mines, Ltd. I have found by experience it is not much good to 
improve solutions by chance additions of certain chemicals by the 

- synthetic method. I think it is absolutely necessary to know as 
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much as possible concerning the constituents in the solutions. 
This gave rise to Mr Williams' research on the question. Finally, 
I would like to remark that I consider Mr Williams' work on the 

-subject to be both novel and original. 
Mr W. Cullen-I can only re-echo your words, and say it is 

-difficult indeed for anyone, especially an amateur, such as myself, 
to discuss the number of equations which have been flying around 
the room to-night. I only rise to my feet to add an appreciative 
word to those you have spoken, and to testify to the very high 
-value which I place on the paper Mr Williams has given us 
to-night. It is a paper any Society might well be proud of. It is 
a wonder to me that, after all these years of cyanide, we have still 

'so much to discover, and I think Mr Williams' paper will open up 
-some new fields, and we shall hear of new discoveries again. 

PART II 

(Read at the May Meeting, 1904) 

The first portion of this paper was devoted to a consideration of 
-the effect of various "constants" on the "free" cyanide value of 
-our solutions. To-night I propose to lay before the Society 
·certain methods for the determination of these constants. 

DETERMINATION OF CYANIDE 

,Free C!/anide.-The "free cyanide" value of a solution should 
-be determined (vide Part 1.) without the addition of potassium 
iodide. 

The first opalescence indicates the" endpoint." The presence of 
-calcium salts often causes a precipitate previous to the true 
-opalescence. 

This may be prevented as under :-
To the solution, the cyanide value of which is to be determined, 

add a few crystals of neutral potassium oxalate. Shake, allow to 
·stand, and filter. Determine cyanide in filtrate. I am indebted to 
Mr Crosse for this ingenious device. 

Total Cyanide.-Add slight excess of sodium hydrate (5 C.c. 5 per 
,cent. sodium hydrate to 50 C.c. solution), a few drops of 5 per cent. 
potassium iodide, and titrate until a d~stinct yellow colour is 
obtained. The endpoint is sharply defiped. Strength of Standard 

.solution: The use of 1~AgN03 involves calculation. It is there-
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fore more usual to employ solutions of such strength that 'the 
cyanide strength bears a simple relation to the volume of silver 
nitrate used. 

U sing a solution containing 13'176 gms. per litre crystallised 
silver nitrate and taking 10 c.c. of the cyanide solution to be 
tested, then 1 c.c. standard silver nitrate = 0'1 per cent. potassium 
cyanide . 
. For slimes and very weak solutions 50 or even 100 C.c. of 

solution may be taken, and the results obtained modified 
accordingly. 

Detection of Tmces of Cyanide.-Owing to the debatable practice 
of using cyanide in the mill, it is sometimes necessary to examine 
the mill water for cyanide. The ordinary silver-nitrate test is 
useless. The following method gives excellent results :-

Evaporate 500 C.c. of the suspected solution with 3 or 4 drops 
of ammonium sulphide. Bring to dryness on water-bath and take 
up with a small quantity of water or water and alcohol. Filter 
.and add a drop of ferric chloride solution. A red coloration 
indicates the presence of cyanide. 

By evaporating solutions containing known quantities of 
cyanide in this manner, I found that it was possible to obtain 
a rough colorimetric estimation of the amount of cyanide. 

By careful evaporation 1 part in 100,000 can be detected. 
I may say en passant that whenever the red coloration is 

obtained, careful assay will show the presence of gold, and 
vice versa. 

The test is readily performed. I would advise those who 
habitually use (comparatively) large quantities of cyanide in the 
mill to test the water entering the mill in this manner. 

It must be remembered that all cyanide entering the mill in 
.such form has, during its passage through the mortar boxes, the 
best possible chance of dissolving the finely divided gold. Such 
,gold is irrecoverably lost. 

PROTECTIVE ALKALI 

The first and most important constant to be determined is the 
percentage of protective alkali. 

Protective alkali is best defined as "the alkaline hydrates and 
half the monocarbonates," and to this definition I propose to 
adhere. 

It is a particularly suitable definition, for not only are the 
monocarbonates equivalent to half their weight as protection 
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against atmospheric carbon dioxide, but, as I have pointed out, 
they are only equal to half their equivalent weight in sodium 
hydrate as a means of dissociating the double zinc cyanide. 

For the most recent work on the determination of protective 
alkali we are indebted to H. L. Green and J. E. Clenneli, but 
neither of their methods are capable of giving accurate results. 

Clennell 1 states that the determination of protective alkali" may 
be done (accurately in the absence of zinc) by adding silver nitrate 
until a slight turbidity is produced, adding phenol-phthalein to 

this turbid solution and titrating, without filtering, with ~ acid. 

. . . 'Vhen zinc is present, the results are not accurate. . . . When 
relative results alone are required, the method may probably still 
be used without practical inconvenience." 

Unfortunately, this method, simple as it is, is useless to those of 
us who have to deal with solution containing zinc. The percentage 
of zinc is not constant, and very often the solutions appear acid 
to phenol-phthalein. 

For solutions carrying no zinc, the process, as given by Olennell, 
is not strictly accurate, but may be made so by adding a slight 
excess of silver nitrate, filtering off an aliquot portion and 
determining the alkali in the filtered solution. This method gives 
a clearer endpoint, and the results are slightly higher and more 
accurate. Silver cyanide appears to have some slight effect upon 
phenol-phthalein. 

Green's method 2 is a distinct improvement, but it, too, fails to 
yield strictly accurate results. 

The method is ingenious, and consists in adding an excess of 
ferrocyanide to the solution before adding silver nitrate. Zinc 
nitrate is then precipitated as an insoluble ferrocyanide, and the 
titration is accomplished with phenol-phthalein as an indicator. 
. With "made-up" solutions the results are fairly accurate, but 
with working solutions the results obtained vary considerably, and 
this variation from the true value is not constant. 

I have investigated the joint action of potassium cyanide, 
potassium-zinc cyanide, and ferrocyanide, and I confess that the 
results obtained fairly baffled me. 

I made a great many determinations of the effect of varying 

1 "Analytical Work in Connection with Cyanide Solution," Institute of 
Mining and Metallurgy, May 21, 1903. 

2 "Proceedings of the Institute of Mining and Metallurgy," vol. x. 
pp. 29-37. 
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quantities of ferrocyanide in the presence of potassium-zinc cyanide, 
when the latter is precipitated by silver nitrate, and I consistently 
obtained too low a value on neutralising with acid. Moreover, 
the endpoint is not sharp, and the colour slowly returns on 
standing. 

If on the other hand, precipitation was accomplished in acid 

solution (e.g. adding known excess ~ acid after adding silver 

nitrate and then adding ferrocyanide), the results were much more 
accurate, but were too high. I may say that I tested my ferro
cyanide solution for alkali, since that might otherwise have 
accounted for. it. 

Methyl orange, on the other hand, gave consistently too high a 
value, the true value usually being about the mean of the two 
determinations, with phenol-phthalein and methyl orange. 

One of the greatest drawbacks to Green's method is due to the 
nature of the precipitate of zinc ferrocyanide. Zinc forms a long 
series of ferro cyanides of varying composition, some of which are 
basic, or, at any rate, carry down zinc oxide mechanically. 

The nature of the precipitate varies with the quantities of the 
reagents present, and also as to whether the precipitation is affected 
in neutral alkaline or acid solution. When acid is slowly added to 
a cyanide solution containing zinc and ferrocyanide, the following 
changes occur :-

Ratio by Nature of Precipitate. Alkali Results. Weight. 

Ferro-
Zinc. cyanide. 
1-0 to 3 Flocculent. Too low. 
1-3 to 4'5 Milky j difficult to filter. Colour change difficult 

to determine in turbid 
solution. 

1-5 to No precipitate for three or Accurate, if determined 
excess four minutes j slowly prior to formation of 

forms j white and slimy j precipitate. 
impossible to filter. 

As precipitated by Green's method, the precipitate is particularly 
troublesome. It is of basic composition, for, on titrating, the colour 
of the phenol-phthalein continues to return slowly, and several 

2 I 
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additions of acid are required before the pink colour is finally 
discharged. 

The basic nature of the precipitate is the chief source of error in 
Green's method. 

If the solution is filtered (no easy matter), the clear solution 
gives a lower value than the unfiltered solution. 

I find that in "made-up" solutions, Green's method gives fairly 
concordant results if full time is allowed for end reaction, but in 
working solutions-and it is with these that we are chiefly con
cerned-it usually works indifferently. 

I am of the opinion that working solutions contain certain organic 
bases, not yet isolated, which render the accurate estimation of pro
tective alkali so difficult, and which can and do cause reactions of 
which we are ignorant. There is no reason why the amines should 
not exist, since they may be formed by the action of nascent 
hydrogen on cyanide. 

The following modification of Green's method gives extremely 
good results on "made-up" solutions, and in the case of certain 
solutions supplied to me by Mr Thomas, of the Simmer and Jack, it. 
gave equally good results. "With the solutions on our own plant 
the method works indifferently, yet I cannot, by analysis, detect 
any inorganic compound in either solution which could cause the 
difference. 

(i) Determine" total" cyanide. 
(ii) To 50 c.c. solution add sufficient silver nitrate to precipitate 

75 per cent. total cyanide, then excess of ~HN03 (say, 10 c.c., but 

in cases where protective alkali is high, more may be required). 
Add then sufficient silver nitrate to precipitate rest of cyanide-a. 
small excess does not matter. Make up the bulk of solution to 
100 c.c. and filter off 75 c.c. 

Determine excess of acid by ~ alkali and methyl orange. This 

reading gives total hydrates and carbonates. 
In certain solutions it is possible, by adding excess of ferro

cyanide to the acid solution, to determine alkalinity by phenol
phthalein, which gives a sharper endpoint. The alkali value is the 
same, whether methyl orange or phenol-phthalein is used. 

In all cases it is well to ascertain whether Green's method, as 
given by the author, will give concordant results, as the alkali 
value obtained is the true value against atmospheric carbon dioxide, 
but I am afraid that the" basic value of the zinc ferrocyanide formed 
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is a permanent source of inaccuracy. The method which I find 
most convenient is based upon another curious property of zinc 
ferrocyanide. The method is applicable to all solutions. A certain 
practice is required before the endpoint can be accurately noted, 
but after a few trials, with check solutions, no difficulty should be 
found. The results are extremely accurate. 

If to a normal working solution, containing, say, 0'07 per cent . 
. zinc and 0'06 per cent. potassium ferrocyanide, acid is slowly added, 
a gelatinous precipitate slowly settles out. The composition 
.appears to be 

ZnK2Fe(ON)6 + xZnO, 

when x is extremely variable, and may be almost O. As the 
relative percentage of ferro cyanide is increased, the precipitate 
.approximates to the formula Zn2Fe(ON)6 and does not carry down 
so much zinc ozide. 

The precipitate is slimy and hard to filter. On adding large 
excess of ferrocyanide, the precipitate is very slow in forming. 

The method is as under :-

To 25 c.c. working cyanide solution add 5 c.c. ~K4Fe(O:N)6 and 

3 drops of methyl orange. 
Titrate rapidly, in duplicate, utilising one lot as a colour check 

against the other. Observe colour change against white back
ground, and titrate until a distinct change is noted. Read off acid 
used. 

Then titrate second lot, adding acid rapidly to within 1 C.c. of 
amount previously required. Then titrate drop by drop. Result 
obtained will probably be slightly lower (0'2 to 0'4 c.c.) than first 
result. The second result should be taken. 

If Y = No. of c.c. required for 25 c.c. solution, 

T=No. of c.c./riAgNOa for 50 c.c. solution (total cyanide), 

then 

4(Y - T) = C.c. of ~ protective alkali, or 

4(Y - T) x 0'004 = total alkali in terms of NaOH per cent. 
(N.B.-Oarbonates are shown to total value.) 
The gelatinous precipitate, formed when zinc is in excess, has 

.also another curious property. 
It collects the colouring matter of the indicator and, on filtering, 

it is entirely removed. 
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Moreover, by reflected light, the methyl orange entangled in 
the precipitate appears pink, when, by transmitted light, its colour 
is still yellow. . 

The use of excess of ferrocyanide removes all the difficulties, and 
all titrations are performed under similar conditions. This is an 
important consideration. 

CARBONATES 

The accurate determination of carbonates may be effected by the 
following method. 

Shake up 250 c.c. of solution with 2 or 3 gms. of barium chloride. 
Allow to stand, with frequent shakings, for about an hour. Filter,. 
pass first filtrate through paper until quite clear. Clear liquid may 
be tested by method previously given. Difference in alkali value 
due to carbonate precipitated by barium chloride. Owing to the 
presence of a precipitate (barium ferrocyanide), which forms when 
acid is added, the endpoint is not very sharp. The carbonates 
may be determined directly, as under. Rinse out flask into 
filter, wash well. With a glass rod perforate base of filter 
and wash precipitate into flask. Place filter paper also in 

ftaskand add slight excess (say, 25 c.c). ~HCl or H2S04• Warm 

to about 900 C: and determine residual acid by ~ alkali. A cer

tain amount of acid is neutralised by the action of barium ferro
.cyanide present in solution. This amount appears fairly constant. 
Although I have varied the ferro cyanide over wide limits, I find it 

about equal to 2·5 c.c. ~ acid. 

The actual amount may be checked by making up a solution 
containing zinc and ferrocyanide in the proportion usually found in 
the solution to be tested. The quantity of acid so decomposed is 
fairly constant, say, x c.c. for a 250 c.c. basis. 

If Z = No. of c.c. ~ acid neutralised, 

Z -_x x 0·0053 = N a2CO
S 

per cent. 
2·D 

/ 

It is also possible to get rid of the barlum ferrocyanide formed by 
means of washing with hot caustic soda. The filter paper must be 
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subsequently well washed. The method is tedious, and I do not 
recommend it. 

This method is somewhat lengthy, but it is the only method that 
I know which will give accurate results. The desideratum for the 
perfect method is a s~luble metallic salt giving an insoluble car
bonate and soluble sulphate and cyanide. Lithium I tried, but the 
carbonate is too soluble in presence of cyanide. Magnesium forms 
a basic carbonate of' variable composition, incompletely soluble in 
dilute acids. Calcium does not precipitate the carbonate in presence 
of cyanide, except at a temperature of 90° C. The precipitate is 
also fairly soluble in the solution, even at that temperature. 

The most serious objection, however, is that on warming a cyanide 
solution to 90° C. a certain amourit of carbonate is produced, par
ticularly in the presence of excess of lime. This loss is not so great 
when a fair proportion of alkali is present (other than calcium 
oxide). For pure potassium cyanide the decomposition was, in an 
experiment I made, as follows :-

(i) 250 c.c. distilled water, 0'5 gm. potassium cyanide (Merck's) 
0'1 gm. sodium hydrate, warmed to 80° C., with excess lime water; 
continue heating at that temperature for twenty minutes. 

Carbonate produced = 0'026 gm. Na200a• 

(ii) Do. do. without adding sodium hydrate. 
Carbonate produced = 0'043 gm. Na200S' 

Calcium and magnesium salts, owing to the formation of unstable 
cyanide, tend to cause rapid decomposition of cyanide. Their action 
is minimised by the presence of alkaline hydrate (sodium hydrate 
or potassium hydrate). 

In regard to the action of calcium sulphate, the following results 
are interesting:-

Distilled Water. Dam Water. I Distilled Water Distilled Water 
1+0'2 per cent. CaSO •. +0'2 per cent. KOH. 

End of 
Hour. 

Per cent. Per cent. Per cent. Per cent. Per cent. Pel' cent. Per cent. Pel' cent. 
KCN. Loss. KCN. Loss. KCN. Loss. KCN. Loss. 

----------------------- ----
0 0-200 0-0 0-200 0-0 0'200 0-0 0-200 0-0 

24 0-183 8-5 0-183 9-5 0'177 11-2 0-190 5-0 
48 0'155 22-4 0'138 31-0 , 0-137 31-2 0'137 31'2 
72 0'126 36-6 0-110 45-7 I 0-098 51-2 0-116 42'0 
96 0-095 52-4 0-076 62-0 , 0'065 67-3 0-063 68'6 

120 0'050 75-0 0-040 80-0 

I 
0'040 80-0 0-040 80'0 

144 0'015 92-5 Trace 99'0 Trace 99'0 Trace 99-0 
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It will be noticed that the addition of 0'02 per cent. potassium 
hydrate arrested decomposition for a short time, but rapidly 
becoming converted into carbonate, precipitated the calcium sulphat~; 
the process being complete, the solution decomposed as rapidly as 
the one without potassium hydrate. 

I also experimented with manganous and aluminium salts as 
agents for precipitating carbonates, but without success. 

BicarbO'Tlates.-If the presence of bicarbonates is suspected, add 
caustic soda to another portion and proceed as above. 

The increase in carbonates will be due to the monocarbonate 
formed by the addition of alkali to the bicarbonate. 

LIlliE 

As I 'have already stated (part I. p: 487) lime does not exist in 
solution as calcium oxide, being either in the form calcium cyanide 
or calcium sulphate. Nevertheless, for comparison with other 
analyses, it is better to determine it as calcium oxide. I find that 
precipitation by oxalate in boiling solution gives results slightly 
too low. I therefore recommend the following method, which 
enables a simultaneous determination of calcium and sulphate to 
be made. 

Evaporate a convenient quantity (say, 250 c.c.) of the solution in 
a platinum dish. When in a state of incipient dryness, add a few 
c.c. of concentrated hydrochloric acid. Evaporate to dryness, heat 
residue to redness. This destroys all sulphocyanates which might, 
if not so destroyed, give a higher value to the sulphate determina
tion. Add 5 to 10 gms. of an equal mixture of sodium and potassium 
carbonate, fuse for five minutes, washing dish well with the fused 
carbonates. Extract with water, filter, wash well. Filtrate contains 
sulphate; acidify with hydrochloric acid, boil, precipitate with 
barium chloride, calcine and weigh as barium sulphate. Residue 
boil with dilute acid, filter, precipitate iron with ammonia and filter 
off. To filtrate (boiling) add ammonium oxalate. Allow to stand 

and determine calcium, either gravimetrically or by ~KMn04' 
The latter method gives extremely accurate and rapid results. 
Thill presence of aluminium may sometimes be detected in the 

precipitate produced on neutralising the acid solution with 
ammoma. 

Sulphates may be accurately determined also by acidifying a 
known volume of solution, filtering off the zinc ferrocyanide formed 
and heating an aliquot portion of the solution to boiling. The 
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sulpbates are then precipitated by barium chloride, collected and 
weighed in the usual manner. 

FERROCY AN IDES 

The original method, due I think to Bettel and Feldtmann, gives 
excellent results. 

An acid solution of ferric sulphate is added to a known volume 
of solution. Ferric ferrocyanide and sulphocyanate are formed. 
The former is filtered off, and treated with sodium hydrate. Ferric 
hydrate l;tnd sodium ferro cyanide are formed. Filter, acidify filtrate 

with sulphuric acid and titrate with 1~oKMn04. 
N 

1 c.c. 100KMn04 =0·00368 K 4Fe(CN)6. 

S ULPHOCY ANATES 

N The filtrate from above is titrated direct with lOKMn04 until 

colour destroyed and permanent pink colouration shown 
N 

1 c.c. 10KMn04 = 0·001618 KCNS. 

The determination of ferrocyanide and sulphocyanates by the 
above method is simple and quickly carried out. 

I can see no improvement in Green's method, either in point of 
accuracy or manipulation, over the older method. The potassium 
sulphocyanate value obtained is slightly too high, but not sufficiently 
high to cause serious inaccuracy. 

Potassium sulphocyanate may also be determined in the filtrate 

after adding ferric sulphate by means of 1~AgN03. Titrate with 

silver nitrate until the .red colour is discharged. The results 
obtained are accurate and require no more time than in titration 
with permanganate. 

I have noticed, as the result of a series of analyses extending 
over several months, that any increase or decrease in the percentage 
of ferrocyanide is accompanied by a corresponding change in the 
amount of sulphocyanate present. 

Although the presence of ferro cyanide or sulphocyanate is not, 
per se, injurious to the solvent or precipitant powers of a solution, 
yet I have noticed that any sudden increase in quantity of these 
salts in a solution is accompanied by less perfect precipitation, even 
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though" the extraction remains unchariged. This, I take it, is 
not due to the ferrocyanides, but to the ore being in such a state 
as to produce more than the normal amount of ferrocyanide, exer
cising a deleterious effect on extraction generally. Although 
ferrocyanides do not play any part in the precipitation of gold, 
they are not without a secondary effect upon the· products of the 
clean-up. 

The well-known white precipitate which forms in the zinc boxes 
consists, in the main, of hydrated zinc oxide, together with small 
and variable amounts· of calcium carbonate and alumina. In 
addition to the above, it always contains ferrocyanide-often as 
much as 8 per cent. This zinc ferrocyallide is not formed as 
such, but, as Mr Caldecott pointed out to me, is formed by the 
action of ferrocyanide on freshly precipitated zinc oxide. Laboratory 
experiments confirmed this supposition. 

One other curious property of ferrocyanides is in assaying 
solution by the copper method, if ferro cyanides are present, a 
brown precipitate of copper ferrocyanide is produced. In assaying 
solution free from ferrocyanide by this method, I found that the 
assays were less than assays by Crosse's silver method. I added 
ferrocyanide to the solution and the assays became equal to those 
obtained by the silver method. 

The effect of the ferrocyanide is, I believe, entirely mechanical, 
the gelatinous precipitate acting as a very perfect filter, completely 
removing all other precipitates from solution. 

Sulphocyanates, in the reducing medium of the zinc boxes, forms 
lead sulphide, with the lead always present in the zinc. 

DETERMINATION OF GOLD AND SILVER' 

The assay of the gold -and silver contents of cyanide solutions has 
blen so thoroughly gone into that it is almost needless for me to 
do more than refer to the methods usually in vogue. I will only say 
that I find the copper method gives results slightly lower than those 
obtained either by evaporation or by Crosse's silver method. This 
error is least when a good excess of ferro cyanide is present. The 
silver method cannot, of course, be used when it is necessary to 
determine the silver in solution. 

COLORIMETRIC METHODS 

I think that the sphere of usefulness of these ingenious,.if some
what inaccurate, methods is limited. By either the copper or 
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silver method it is possible, without exercising undue haste, to 
return an assay the accuracy of which is above suspicion, within 
two to three hours, after making the most liberal allowances for 
cupellation and parting. 

ZINC 

The determination of zinc is of great importapce, and frequently 
an unsatisfactory state of the solution may be due to excess of 
zmc. 

There are several well-known methods in use :--
(i) Determination by sodium sulphide. This requires check 

determination. Where large numbers of determinations have to be 
made'daily, it is probably the best method. 

(ii) Galetti's method-precipitation 'oy ferrocyanide. The method 
is not strictly accurate, and requires check determinations. 

(iii) A method proposed by L. W. Green. 
I do not wish to state that Mr Green's method is too inaccurate 

for technical purposes, but I do certainly think that it is too 
inaccurate for exact work. The method is based upon the inter
reaction of zinc carbonate and potassium ferrocyanide. 

Fresenius (" Quant. Anal. Bases of Group IV."-ZnO) states: 
"When a neutral solution of zinc is precipitated with sodium or 
potassium carbonate, carbon dioxide is evol ved, since the precipitate 
. . . corisists of a compound of hydrated oxide of zinc with zinc 
carbonate, in proportions varying according to the concentration of 
the solution and the mode of precipitation. 

Owing to the action of the carbon dioxide, part of the zinc 
remains in solution; if, therefore, filtered cold, the filtrate gives a 
precipitate with ammonium sulphide." 

The zinc remains in solution as an acid carbonate, and, therefore, 
cannot liberate an alkali when treated with ferrocyanides. 
Personally, I prefer to determine the zinc as under, the method 
being a modification of a mcthod given in Mohr's" Titr. Methods," 
and free from the objection pointed out by Dr Moir in his criticism 
on "The Regeneration of Working Cyanide Solutions," By A. F. 
Crosse.1 

The zinc, in 100 c.c. of solution (in case of slimes 250 C.c. is 
required), is precipitated by sodium sulphide just under boiling 
temperature, filtered and washed with boiling or recently boiled 
water until the filtrate gives no stain on lead acetate paper. The 

1 Proceedings of this Society, Vol. III. p. 278. 
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filter paper is transferred to a small glass stoppered bottle, 25· 

C.c. N iodine and about an equal amount of boiled water added .. 
. 10 

The bottle is closed and shaken for a few minutes. Sulphur· 
separates out. The sides of the bottle are washed down with water· 

N 
and excess iodine determined by 10 Na2S20 s' It is not necessary 

for the excess of iodine to exceed 5 c.c. 

If x = No. of C.c. N. I. decomposed, 0'00325 x = zinc. 
10 . 

I find the method extremely accurate. Freshly precipitated zinc 
sulphide acting upon iodine in the cold. There is no need for the· 
addition of acid, as recommended by Mohr, nor for the use of a· 
large volume of boiled water. The whole estimation is extremely 
rapid. 

CYANATES, SULPHIDES 

I have never had occasion to check the recognised methods for· 
determining these compounds. They occur only as traces, and I 
do not think that they can have any serious effect on the solutions. 
It is difficult to see how either of these compounds ca:n exist after· 
leaving the zinc boxes, the sulphide probably combining with the 
lead and the cyanate being reduced by the nascent hydrogen. I find 
that sulphides undergo comparatively rapid oxidation. A solution, 
after regeneration by Mr Crosse's process, will show a strong 
coloration, due to the trace of zinc sulphide dissolved. After· 
aeration, no trace of sulphide remains. 

In conclusion I would like to say a word as to the causes which 
. led to the writing of this and t.he previous paper. These papers· 

are not the result of a mere desire to wander off in my spare time· 
along the tortuous (and too often blind-ended) paths of research. 

These notes grew out of the actual work required by my depart
ment. 1 have merely tried to follow up the clues and indications· 
I found in my daily work and to carry (too often without success) 
my knowledge of the causes of the various reactions back another· 
stage. It is because these notes are the outcome of practical work 
that I was emboldened to present them to you, hoping that they 
might prove of use to other members ,who have experienced 
difficulties in the analysis of their solutions. My investigation into· 
methods previously published has been as thorough and systematic 
as pos8ible. I have only ventured to recommend new methods or 
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new modifications where I have been absolutely driven to do so by 
the entire failure of all other methods to give the results required. 

I am aware that the authors of these methods which I have been 
compelled to abandon as untrustworthy will differ considerably from 
me. In the case of methods for the determination of protective 
alkali, the influence of the ore is such that methods applicable to
one type of ore and its decomposition products may be quite 
inaccurate when employed with solution treating another type of ore. 

Preliminary work is better done on made-up solutions. Person
ally, I built up my solutions step by step, modifying the process 
wherever necessary. When, however, one has arrived at a perfect. 
method for such solutions, it by no means follows that the method 
will work on "working solutions." 

The perfect method must not only be capable of giving accurate 
results with" made-up" solutions; it must be capable of detecting 
small known differences in the composition of working solutions. 
There now remains but the pleasant task of thanking those who
have helped me in my work, which' has been carried out in the 
laboratory of the East Rand Proprietary Mines, Ltd. For this my 
thanks are again due to Mr F. Hellmann and Mr A. F. Crosse. 
The latter gentleman has always taken the greatest interest in this 
work, and should there be anything in these notes which may prove 
of value to the industry, the thanks of the Society are due to Mr 
Crosse also. Mr Caldecott I desire to thank for the interest he has. 
taken in the work and for the loan of notes and abstracts upon the 
most modern work in connection with this subject. I have to thank 
Mr Pead for permission to publish the analyses of his solutions,. 
given below. 

Foot of Foot of 
Determined as Weak Strong 

Box. Box. 

Free Cyanide KCN 0'050 0'070 
Total Cyanide KCN 0'150 0'230 
Total Alkali NaOH 0'050 0'056 
Alk. Hydrate NaOH 0'040 0'020 
Alk. Carbo Na2C03 0'013 0'048 
Lime CaO 0'006 0'010 
Sulphate SO:] 0'018 0'017 
Ferrocyanide . .. KB'e(CN)6 0'050 0'071 
Sulphocyanate K NS 0'014 0'015 
Zinc Zn 0'050 0'062 
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SOLUTION BEFORE AND AFTER REGENERATION 

I 
Determined as Before. After. I 

i 
Free Cyanide KCN 0.·0.35 0·130. ! 

I 

KCN 0.·135 0·130. ! Total Cyanide 
Total Alkali NaOH 0.·0.58 0.·0.60. i Alk. Hydrate NaOH 0.·0.32 0.·0.36 
Alk. Carbo Na2COS 0.·0.34 0.·0.31 
Lime CaO 0.·0.11 0.·0.0.5 
Sulphate SO 0.·0.18 0.·0.18 
Ferrocyanide K}'e(CN)6 0.·0.51 0.·0.50. 

KCNS 0.·0.13 0.·0.14 I Sulpocyanate 
I 

Zinc Zn 0·0.33 0.·0.0.8 
I 

NOTE.-Consumption of sulphide, 0.·72 lbs. pet ton (66 per cent. 
Na

2
S). . . 

The President-I am sure the thanks of the Society are due to 
Mr Williams for giving us this paper which I know we shall all 
read with great interest. He has brought up several matters which 
have been occupying our minds for a long time as regards obtaining 
a reliable method of determining the various factors in our working 
cyanide solutions. I consider his paper is not less valuable for 
recording failures as well as successes. If it were not for the record 
of failures, it would mean that we should go over the whole of the 
ground, which has been gone over before. 

DISOUSSION AT THE JULY MEETING, 190.4 

Dr. J. Moir-In opening the discussion on this paper, I wish to 
.add my quota of praise to Mr Williams for the scientific manner in 
which he has carrie'd out the practical side of his research, and to 
make it clear that, although I may have to criticise somewhat 
severely the theoretical side of the paper, and his interpretation of 
the results, I yield to none in appreciation of the permanent value 
.of his figures. With this preamble I shaH plunge in medias Tes. 

The first thing that strikes one is the unnecessary number of 
mistakes and misprints in the first portion o~ the paper. There are, 
for example, over a dozen misprints of a ,misleading character, and 
mistakes in nomenclature are too fl'equent, e.g. "ferro." for" auro." 
.potassium cyanide on page 475 and" Kjeldahl" for" Kohlrausch" on 
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page 493. As regards the ionic theory especially, one remarks some 
extraordinary specimens of phraseology; for example on page 474, 
Zn(CN)4 is called the" base of this hypothetical acid," where I pre
sume anion or radicle is meant, since the base of an acid is a contradic
tion in terms. Again, on page 475 we are told that zinc cyanide 
remains in solution by virtue of the electric charge due to dissocia
tion." I certainly thought that zinc cyanide was an electrically 
neutral substance, and not an ion, and of course the real reason why 
it remains in solution is that not enough of it is present to exceed 
its solubility in water. Again, the phrase" normally insoluble ion" 
is another example of loose thinking. An ion is nothing if not soluble. 

A similar source of complaint lies in many of Mr 'Villiams' 
equations, many of which do not square. In the first, on page 475, 
Zn(CN)2 should be 2Zn(CN)2 and the second equation should read 

2Zn(CN)2 + 2(1 + ~;)KOH = K2Zn(CN)4 + ZnO.x(K20) + (1 + x)HP 

It is true that Mr Williams says that this equation cannot be taken 
literally; alll the same, he might have made its two sides equal, if 
only on rest-hetic grounds. 

The paragraph in explanation of the impossibility of titrating all 
the cyanogen in potassium-zinc cyanide is very good, but is marred 
by some illegitimate assumptions. For example, the degrees of 
secondary dissociation of Ag(CN)2' and of Zn(CN)t are assumed 
equal, which is certainly untrue, Mr 'Villiams will see, if he treats 
pure potassium-zinc cyanide with silver cyanide, when he will find 
that the latter dissolves and that zinc cyanide is precipitated in
stead; whereas potassium-silver cyanide does not react with zinc 
cyanide. Hence potassium-zinc cyanide is much more dissociated 
than potassium-silver cyanide. The same thing is shown on adding 
a trace of acid or of soluble sulphide to a mixed solution of 
potassium-silver cyanide and potassium-zinc cyanide; in both cases 
the silver is precipitated before the zinc because silver cyanide and 
silver sulphide· are much less soluble in water than zinc cyanide 
and zinc sulphide respectively, and it IS on relative solubility that 
this question really depends. N ow, the concentration of silver ions 
in N/20 KAg(CN)2 solution is only 3'57-1011

, from which the 
solubility of silver cyanide can be calculated approximately; it is 
about two parts in ten million of water, and certainly very much 
less than that of zinc cyanide; in fact, the secondary dissociation of 
potassium-silver cyanide is almost negligible. 

Mr Williams' figures on the effect of dilution are, I think, new 
and valuable. I have been thinking them over, and venture with 
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great diffidence to suggest an explanation on the lines of the ionic 
theory. 

It is held by the supporters of this theory that just as the 
-dissociation of the second hydrogen atom of water is immeasurably 
small, so the dissociation of the second radicle (anion) of a sparingly 
,soluble ternary salt is also insignificant. Thus a solution of lead 
~hloride contains PbOl' and 01' ions and hardly any Pb" ions. l Ap
plied to this case zinc cyanide at great dilution will ionise into ZnON 
and ON' ions, but no further, and in strong solutions will not ionise 
appreciably. Now,:M:r Williams' figures show that in strong solu
tions 50 per cent. and in very dilute solutions about 75 per cent. of 
the total cyanide can be titrated with silver, i.e. is ionised, which is 
what the theory predicts. 

A solution of potassium-zinc cyanide contains chiefly K· and Zn 
{ON)4" ions, but also a small amount of the products of secondary 
dissociation of the latter, viz. Zn(ON)2 and ON' ions. Therefore, 
in strong solutions the equation of dissociation is 

K2Zn(ON)4 = 2K' + Zn(ON)4" = 2K' + Zn(ON)2 + 20N' 

and of these only the last can react with silver nitrate, the 
,equation being Ag' + 20N' = Ag(ON)2' Thus, 1 mol. of silver 
nitrate is used for 1 mol. of potassium-zinc cyanide, which corre
sponds to 50 per cent. of free cyanide. 

On the other hand, at great dilution the zinc cyanide dissolves 
.and ionises into ZnON' and ON'ions. The eqnation of dissociation 
becomes K2Zn(ON)4 = 2K' + ZnON + 30N' and three-quarters of the 
~yanide becomes available for titration. 

Mr Williams finds that the final value is 77 per cent. and it is 
possible that the difference is due to a further dissociation of ZnON 
into Zn" and ON' which, however, must be very small, since the 
Zn" ions are very few. 

On this theory, the reason why the final solution is turbid in 
,strong solutions is the precipitation of undissociated zinc cyanide 
whereas in dilute solutions the zinc at the end is present as the 
soluble nitrate of the complex kation ZnON, and actual experiment 
shows that zinc cyanide dissolves to some extent in zinc nitrate alld 
probably more so in zinc iodide. For the benefit of those who do 
not approve of ionic equations, I append these results in the 
Qrdinary form :-

(1) Strong solutions-
K2Zn(ON)4 + AgNOs = KAg(ONh + KN03 + Zn(ON)2 

1 Each dot after the symbol of an element or group signifies a positive electric 
charge, and each dash signifies a negative one. 
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(2) Very dilute solutions-
CN 2K2Zn(CN)4 + 3AgNOg = 3KAg(CN)2 + KNOg + 2Zn < NO 

g 

but possibly the potassium iodide reacts, and the final product IS 

Zn(CN)I. 
As regards Table B, their is some mysterious error in it, since 

-the percentages given do not correspond with the data. 
Mr Williams' quantitative investigation of the effect of 

hydroxides on potassium-zinc cyanide is an extremely valuable 
·contribution, and the actual results are most interesting_ It is 
rather surprising, indeed, in view of the apparent want of system 
.among the reactions of such complex cyanides to find that the 
.amount of alkali required to liberate all the cyanogen up to the 
for~ation of silver iodide in titration is exactly the amount required 
by the simplest possible supposition, viz. conversion of zinc cyanide 
into zinc hydrate and to find that the rise in dissociat,ion is exactly 
proportional to the alkali added (Table D). 

However, when it comes to details, I find I cannot agree with 
Mr Williams. First of all, his equation at the foot of p. 481 
is incorrect, the two sides not squaring. It should read 

K2Zn(CN)4 + 2(x+ 1)KOH=4KCN + ZnO.x(Kp)+ (x+ 1)H20. 
-Consequently, the numerical argument founded on it falls to the 
ground. Moreover, the chemistry educed to support this argument 
is itself very shaky. The supposition that zinc nitrate and 
potassium zincate can exist together in appreciable quantities in 
the same medium is startling, and I should like to know how Mr 
Williams confirmed it experimentally. Zinc nitrate only exists 
in an acid medium and the zincate only in presence of alkali, and 
a mixture of the two will react to form zinc hydrate and potassium 
nitrate. 

We have another very interesting result in the action of normal 
.alkali carbonates on potassium-zinc cyanide, viz. that they have 
the same effect as half the quantity of hydrate. This is exactly 
.analogous to their behaviour as so-called protective alkali, and I 
have already shown in another place that its effect is due to 
hydrolytic dissociation into hydrate and bicarbonate, i.e. that the 
reaction Na2COg + H20 = NaOH + NaHC03, which ordinarily only 
goes to the extent of 3 per cent., goes completely if the N aOH IS 

-continuously removed. Applied to this case we have 

K2Zn(CN)4 + 2Na2COg + 2Hp = 2KCN + 2NaCN + 
Zn(OH)2 + 2NaHCOg 
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and consequently Mr Williams' precipitate is probably not a zinc
sodium carbonate, but zinc hydrate, which retains sodium 
bicarbonate by mass-action. I fear that analysis could not 
definitely decide this question, but the main point is that sodium 
carbonate acts as it does because its solution actually contains 
hydrate amounting potentially to 50 per cent. 

As for the reason why calcium stays in solution in working
solutions, Mr Williams considers that it is due to the. calcium 
being present, not as kation, but as potassium-calcium cyanide, 
I am rather inclined to think that this assumption is unnecessary, 
and that calcium is not precipitated because the carbonic acid is 
present as bicarbonic, i.e., that a normal working solution contains 
only a trace of C03" ions, and that the precipitation of calcium 
carbonate on heating is due to dissociation of ordinary calcium 
bicarbonate and not of potassium-calcium cyanide. 

I must confess, however, that Mr Williams' idea is not only 
original, but a priori not unlikely, but that my efforts to isolate 
such a compound as potassium-calcium cyanide have not met with 
much success. I should like to describe one of these experimen ts 
as it is an interesting example of the effects of secondary dissocia
tion. I made calcium iodide by evaporating a solution of lime in 
exceSf, of hydriodic acid to dryness, and then treated a solution of 
this with excess of moist silver cyanide. The reaction which 
occurs is CaI2 + 4AgCN = 2AgI + CaAg2(CN)4' and the filtrate on 
evaporation gave rather soluble lustrous flat needles of the latter 
salt. A solution of this was treated with potassium sulphide 
solution until all the silver was precipitated, and I expected to get 
potassium-calcium cyanide by evaporation of the filtrate according 
to the equation CaAg2(CN)4 + K28 = Ag28 + K2Ca(CN)4' but on 
evaporating to dryness in vacuo, I got merely a mixture of Ca 
(OH)2 + KCN, and I found afterwards that my potassium sulphide 
contained potassium hydrate which must have reacted with the 
supposed potassium-calcium cyanide as follows: K2Ca(CN)4 + 
2KOH = Ca(OH)2 + 4 KCN. This in itself shows that potassium
calcium cyanide must have very little stability, since in this case it 
behaves like a mere mixture of potassium cyanide and calcium 
cyanide. 

I rep~ated the experiment, but used crystalline sodium sulphide 
and saturated its solution with sulphuretted hydrogen before use, 
so as to ensure the absence of sodium hydrate. I evaporated to 
dryness in vacuo and moistened the residue with fairly strong 
alcollOl to remove a trace of sodium sulphide, etc. The un-
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dissolved portion was a mixture when examined under the 
microscope, and when moistened with water, the solution became 
rapidly covered with a pellicle of calcium carbonate, which is what 
might be expected of uncombined calcium cyanide. 

To come to Mr Williams' conclusions, the equation at the top of 
p. 491 is misleading not merely because zinc nitrate and potassium 
oxide cannot exist together, but because it cannot be made self 
consistent unless x = 1, Y = 1, and z = 1, whereas the author makes 
x + y +;~ = 1 and yet says that z may be 8 or 9 !. Besides, though I 
do not wish merely to cavil, I must point out that the phrase 
" varies inversely" is only used when the product, not the sum, of 
two quantities is constant. 

The difference in the results when potassium iodide is not used 
is very difficult to explain if only a trace of potassium iodide is 
used. Since the first turbidity of zinc cyanide occurs at 16 per 
cent. of the total cyanide in absence of alkali and potassium iodide, 
we must account for this in some way. Mr Williams puts it down 
to the dissociation of potassium-silver cyanide causing a sufficient 
concentration of CN' ions to prevent much dissociation of potassium
zinc cyanide, but if this were true the end-point would be nearly 
50 per cent. since potassium-silver cyanide does not contain many 
cyanogen ions. I am inclined to account for the effect by assuming 
the existence of another potassium-zinc cyanide of small solubility, 
since I find that zinc cyanide is distinctly soluble in potassium: 
zinc cyanide itself. If we assume a compound K4Zn3(CNho we 
can explain the above titration, for on adding silver nitrate, 
K 4Zn3(CN)lO will be formed and one-sixth of the original cyanide 
will be caught by the silver. 

3KzZn(CN)4 + AgN03 = K4ZnaCCN)lO + KAg(CN)2 + KN03 
and thereafter zinc cyanide will be precipitated. 

On the other hand, to obtain a precipate of silver iodide it is 
necessary to separate all the zinc cyanide, therefore the end 
point is at 50 per cent. of the total cyanide when potassium iodide 
is used. If this idea is correct, then the ordinary method of 
determining free potassium cyanide by the appearance of the first 
turbidity is not correct, as such a compound as K4Zn3(CNho is sure 
to have some solvent action on gold. 

In conclusion, I hope that Mr Williams will forgive me for 
making these criticisms, for I have no desire ill the matter but to 
get at the truth, and I repeat that nothing which I have said will 
alter the permanent value of his determinations. 

2K 
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Prof A. Prister-As our last President expressed to Mr G. W. 
Williams what we think of his paper, it is useless for me to repeat 
his remarks. " 

I will make only a few remarks on two points. He says on page 
504; "The well-known white precipitate which forms in the zinc 
boxes consists, in the main, of hydrated zinc oxide, together with 
small a.nd variable amounts of calcium carbonate and alumina. In 
addition to the above, it always contains ferrocyanide-often as 
much as 8 per cent." 

I must suppose that Mr G. VV. "Williams has not made an analysis 
of this white precipitate, which is the terror of the cyanider and costs 
thousands of pounds to these fields. 

If this white precipitate were, in the main, hydrated zinc oxide, 
I cannot understand how it is that when you treat a clean-up of, 
say, 5 per cent. gold, with dilute sulphuric, you bring it 
only to 12 to 13 per cent. of gold; in other words, the bulk of 
the gold slimes are reduced by about 50 per cent. As far as I 
know, all the hydrated zinc oxides which could be pre
cipitated in the zinc boxes are soluble in sulphuric acid. Further 
it is not hydrated zinc oxide, as supposed by Mr G. 'V. 
Williams, which forms the bulk of this white precipitate, but ferro
cyanide and cyanide of zinc. Again, he finds small and variable 
amounts of calcium carbonate. This is true in many cases, but in 
&ifferent samples I assayed I could not detect traces of lime. 

I append an analysis of a white precipitate, from which the zinc 
was separated mechanically as much as possible ;-

Copper oxide 
Insoluble matter 

(including 2·3 per cent. 8i02) 

A120 3, Fe20 s 
Lead 
Zinc (calculated as ZnO) 
803 
Lime (calculated as CaO) 

Gold and silver 61·4 ozs. per ton. 

nil 
6·30 

3·20 
traces 
60·36 

4·50 
3·50 

By reducing the zinc oxide to zinc we have 48·44 per cent. zinc, 
and if we calculate 10 per cent. of this present as zinc ferrocyanide, 
and 10 per cent. as zinc cyanide, 28·44 per cent. are left as metallic 
zinc, which was mixed with the white precipitate. In this case we 
have the following compositions ;-
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Insoluble matter 
A120 s and Fe20 S 

Lead 
Ferrocyanide of zinc 
Zinc cyanide 
Zinc 
SOs 
Calcium oxide 

6'30 
3'20 

traces 
26'25 
17'90 
28'44 
4'50 
3'50 

90'09 

If we examine this analysis, and remember the qualities of the 
main constituents appearing from this (ferro cyanide and cyanide of 
zinc 44'15 per cent.), then we understand how the treatment by 
dilute sulphuric acid could not reduce the bulk of the gold slimes 
treated before smelting, and how the Rand metallurgists were 
obliged to look for another treatment, and adopted "Tavener's 
method." The quantity of this white precipitate increases as the 
cyanide solutions are reduced in strength. The weaker the solution 
in free cyanide, the more white precipitate, because the ferro cyanide 
of zinc as well as the zinc cyanide are in our working solutions kept 
in solution by the free cyanide existing there. But the quantity of 
the white precipitate formed in a box not only depends on the 
percentage of free cyanide existing in the solution, but is also in
fluenced by the alkalinity of the solution. A very interesting 
experiment is the following :-Take a working cyanide solution 
from slimes plant; add some phenol-phthalein, and pass a current of 
carbonic acid till the solution gives a clear acid reaction as shown 
by the colour. A large quantity of the ferro cyanide of zinc and 
zinc hydrate is precipitated. The solution tested for free cyanide 
gives an increased percentage of free cyanide. We may deduce 
from this that the ferrocyanide of zinc, as well as the zinc cyanide, 
are partially insoluble in a carbonic acid solution of cyanide of 
potassium, and that the double cyanide of calcium (Ca(CN)2' 2KCN) 
is decomposed in presence of sodium hydrate. We may also con
clude that the cyanide of potassium in working solution is much 
more stable, as we should expect. This also explains how it is 
that we lose less cyanide of potassium from our working solutions 
through the action of the carbonic acid of the air than by such a 
secondary chemical process as the above. 

Before the war I studied this white precipitate with Mr J. Perrin 
-of Pretoria. 1,Ve found a method for treating the zinc-gold slimes 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



5 16 Willz"ams: Determz"natzon of Constants [AUG. 1904 

with bisulphate of soda and concentrated sulphuric acid, where by 
attacking and rendering soluble the components of this precipitate 
(zinc ferro cyanide, etc.) the bulk of the gold slimes for smeltingis 
reduced by 80 to 90 per cent. of the original mass, and the gold 
bullion from them is increasfld from 5 to 10 per cent. to 30 to 60 pcr 
cent. I hope in a short time to be able to bring before you the results 
of the working of this method on a large scale. 

Mr G. W. Williams thinks" that the sphere of the colorimetric 
methods" for determining gold is limited. In this I quite agree 
with him. I think the copper, or De Wilde's, method is superior 
in exactitude to the colorimetric. But those methods are of most 
importance to the intelligent cyanider which render him inde
pendent of the smelting, cupelling and parting; and, secondly, the 
cyanider who can test his outgoing solutions understands and 
controls his boxes much better than he who simply reads the results 
sent by the assayer. Direct observation produces a greater im
pression on the mind than a mere survey of figures which make 
him think" Easy come, easy go." 

DISCUSSION AT THE AUGUST MEETING, 1904 

Mr A. Whitby-In offering a few remarks on Mr Williams' 
interesting paper, I wish to state, first of all, that I do not find 
myself in a position to seriously criticise the first part of it. I feel 
that it would not be fair on him to do so without having done work 
in the same direction. Possibly I might find good reason to differ 
from him if time and opportunity were given to carry out experi
ments on similar lines, and since his conclusions are based on 
experimental work, I must withhold all challenge on many things I 
cannot quite confirm, until I am in a position to enter the arena 
of discussion armed with practical data. 

The influence of dilution and the necessity of maintaining constant 
end volumes, temperature, and light are points of great interest to 
me, and I may here confirm Mr Williams' conclusions as regards 
the indicator potassium iodide giving different readings to those 
obtained without its use. 

Irfthe second part of Mr Williams' paper I find very much more 
to induce criticism. I cannot go all the way with him in his asser
tion that gold and cyanide are always ass~ciated together in mill 
waters. I think it quite conceivable that either might be totally 
absent from some cause or another. 

There is a variation of the test for the presence of cyanide in mill 
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waters which, I think, is better than Mr'Villiams'. Add a small 
crystal of tartaric acid to 500 C.c. of the water in a capacious flask; 
·connect the flask with a bulbed U tube containing sufficient 
ammonium hydrogen sulphide to form a trap. The U tube may be 
kept cool by immersion in water. If, now, the water in the flask 
be raised to the boil-and kept boiling for some five to ten minutes, 
all the hydrocyauic acid will have passed over into the U tube. 
Wash out the contents of the latter into a small porcelain 
dish and evaporate to dryness on a water-bath. Take up with 
water and one drop of dilute hydrochloric acid and filter into a 
nessler glass; add' ferric chloride and compare with the colour 
produced by a standard solution of potassium thiocyanate. This 
test . is much quicker and more accurate, I think, than 1\1 r 
'Williams'. 

With regard to the formula given for potassium-zinc ferrocyanide, 
I may point out that in acid solution the normal ferrocyanide does 
not separate, but a compound, K 2ZnsFe2(CN)12' as shown by 
Bettel and confirmed by Sharwood. Moreover, this formula is the 
basis of Galetti and Fahlberg's methods of volumetric determination 
{)f zinc. I much prefer the determination of zinc by titration with 
ferrocyanide in acetic acid solution, using uranium spot indicator to 
.any other for quick and fairly accurate results. Of course, the zinc 
must first be precipitated as sulphide, but with the advantage that 
it does not require such careful washing. Moreover, I must again 
state that I do not believe it practicable to wash such a slimy 
precipitate free of sulphides with hot water alone without losing 
some through the pores of the filter. Carbonates in solution I have 
.always determined by adding a drop or two of dilute ammonia 
and then a solution of calcium nitrate, filtering quickly and washing 
with hot water. The desideratum mcntioned by 1\1r Williams is, I 
think, nearly attained by this method. 

Under lime, I take exception to the use of platinum for the 
evaporation of cyanide solutions, as such. I fail to see why the 
evaporation cannot as well be conducted, first, in a porcelain dish, 
with the addition of hydrochloric acid, and after all cyanides are 
dispelled, finished in platinum. 

I think I may be excused if I refer to the copper method for the 
assay of the gold and silver in solutions. Prof. Prister assigns the 
method to De Wilde, but although the principle of the recovery of 
gold from cyanide solutions by means of cuprous salts was, I believe, 
.discovered by Prof. De Wilde, the modification of the test given by 
me in my criticism of Mr Crosse's paper on the analysis of cyanide 
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5 18 W£llz"ams,' Determ£nat£on of Constants [AUG. 1904 

solutions, read at the June meeting, 1902,1 is an application of 
Virgoe's method, and the suggestion to enhance the accuracy of the 
test as performed by him, by the addition of a reducing agent is 
distinctly my own. I can confirm Mr Williams in the need he has 
found of adding potassium ferrocyanide when ferrocyanides are 
absent. The test is capable of the widest application; it is even 
the most accurate and reliable method of determining gold in mill 
and dam waters when such have been brought to the conditions of 
ordinary cyanide solutions by adding the necessary ingredients, 
alkali, if acid, potassium cyanide and potassium ferrocyanide. 

With slimes solutions it is essential to add sufficient potassium 
cyanide to bring the strength up to at least 0'07 per cent. before 
proceeding with the test. 

I cannot agree with Mr Williams that the method gives slightly 
lower results to the evaporation method. In all cases I have had 
higher results, and since my objections to Mr Crosse's method 
have been previously stated, I must adhere to my contention that 
this "copper" test is the best and most accurate for cyanide 
solutions. 

With Mr Williams' permission, I should like to say something 
about "white precipitate," as viewed from Prof. Prister's stand
point. Really, I think the Professor is asking too much of us to 
accept an analysis which only gives 77 per cent. of recorded results 
as evidence in support of his theory that the zinc exists as metal, 
cyanide and ferrocyanide and not as hydrate. I also wish to 
quote an analysis of some precipitate, from which the metallic zinc 
had been carefully eliminated. When dried and ground in an agate 
mortar, the colour was a yellowish white, and the substance had 
the following composition:-

Silica and insoluble 
Zinc oxide 
Ferric oxide ( + aluminic oxide) 
Lead pxide 
Calcium oxide . 
Cyanogen 
Potassium oxide 
Loss on ignition 

Total 

1 Proceedings ofthis Society, Vol. III. pp. 6·7. 

Per cent. 
2'10 

54'00 
0'75 
0'73 
0'50 
2'50 
0'70 

36'80 

98'08 
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It is remarkable that the loss on ignition is so very high, and 
outside of the zinc hydrate present there does not appear to be 
anything in the analysis to warrant such a loss. It is, however, 
conceivable that zinc hydrate, when merely air dried, may contain 
more water than is called for by the formula Zn(OH)2. But, 
however this may be, some of the loss on ignition is due to the 
zinc hydrate, and failing a determination by Prof. Prister of the 
total cyanogen compounds in his precipitate, I prefer to consider 
the bulk of mine to be zinc hydrate, and that his conclusions are 
based on insufficient premises. 

Further, the precipitate referred to in the analysis quoted by 
me was soluble in dilute acid with heating, nor was it found 
necessary to fuse to decompose insoluble bodies, such as ferro
cyanide of zinc, hence the argument is clear that this body does 
not exist in my precipitate to any appreciable amount, and the 
Professor's deductions certainly fail with regard to it in particular. 

REPLY TO DISCUSSION AT AUGUST MEETING, 1904 

Mr G. W. Williams-I propose to consider seriatim the 
criticisms which Members have been kind enough to make upon 
my paper. 

Dr Moir devoted the preliminary portion of his criticism to an 
expose of (chiefly) typographical errors. I admit that I owe some 
apology for these errors-errors of which I was painfully conscious, 
for they had been pointed out to me subsequent to publication, but 
I did not deem it necessary to correct them until I made my reply. 
One error I certainly overlooked. .Apparently under the mistaken 
idea that I first write an equation and then sit down and elaborate 
figures to support it, Dr Moir, having found an error in an 
equation (p. 481), condemns the whole theory which the equation 
was intended to illustrate. 

The substitution of 4- for x in the formulre of potassium zincate 
removes the difficulty; the sides balance, and since the inaccuracy 
of the equation disproved my theory, ergo, its accuracy proves it. 
I have to thank Dr Moir for the logical, if somewhat inconclusive, 
proof. 

In regard to certain mistakes in nomenclature, such as "base of 
weak acid," etc., I can only plead guilty-under extenuating 
circumstances. It is some time since I did any theoretical 
chemistry, the past four years having been occupied by things 
practical, hence I must ask pal don for the misuse of certain terms, 
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520 WitHams: Determination of Constants [AUG. 1904 

which rendered my meaning obscure-to some Members, at any 
rate. With this apology I will leave this subject and turn to the 
more important portion of Dr Moir's criticism. 

In the first place, I must acknowledge my indebtedness to him 
for the explanation of the changes caused by dilution. 

I consider that his explanation agrees well with observed facts, 
and feel sure that this hypothesis, so ably worked out, gives 
material value to the data which I obtained. 

In regard to the co-existence of zinc nitrate and potassium 
zincate Dr Moir, arguing from general premises, lays_ stress upon 
the fact that zinc nitrate cannot exist in alkaline sulution. Under 
normal conditions this is doubtless the case. On the other hand, 
unless we assume the distribution to be somewhat as indicated, 
how are we to explain the presence of a clear solution when, if the 
zinc were all present as zincate, it would assume the form (ZnO)2' 
K 20! I notice tha;t this clearness is of short duration, and so it 
seems that for a time at least ZnO.nK20 and zinc nitrate can 
co-exist. 

It is to be regretted that Dr Moir's criticism on this point is 
merely destructive. I will, however, modify my previous state
ments and state that under the given conditions the clear solution 
contains potassium-silver cyanide and, in some state of quasi
equilibrium depending on their mass, zinc llitrate, zinc oxide, 
potassium nitrate and potassium hydrate. 

In regard to potassium-calcium cyanide, I cannot agree with 
Dr Moir that calcium remains in solution as a bicarbonate, for I 
do not see how a bicarbonate can exist in the presence of free 
alkaline hydrate. More probable would be the theory that it is 
present as calcium sulphate; and indeed the bulk of the calcium 
in slimes solutions is in that form, but I found that a solution of 
pure potassium-calcium cyanide is not affected by small quantities 
of sodium carbonate, and in this case (i.e. with pure solution) I do 
not think it possible to explain this fact other than by the explana
tion I have given. I myself expressed grave doubts as to the 
possibility of isolating the salt and consider that it can only exist 
in solution. I consider that Dr Moir's work on the isolation of 
this compound to have been absolutely thorough and painstaking, 
but nevertheless, I cannot hold that failure to isolate the salt 
disproves its existence in solution. If potassium-calcium cyanide 
exists only in solution it certainly is not unique in that respect 

Prof. Prister's remarks appear to be based upon the assumption 
that I had not analysed the "white precipitate" which forms in 
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the' extractor boxes. I can assure him that I have made several 
analyses, and as a result, I find it to be composed of hydrated zinc 
oxide, with about 5 to 8 per cent. of ferrocyanide (K4Fe(CN)6)' 
as well as small and varying quantities of calcium, lead, sulphates, 
carbonates, etc. I fail to see how this precipitate could consist of 
zinc cyanide, in view of the action of both cyanide and caustic 
alkalies upon this compound. Incidentally, the action of acid on 
this white precipitate does not develop that amount of hydrocyanic 
acid called for under Prof. Prister's theory. 

I find that this hydrated zinc oxide, especially after it has been 
partially cOllverted into basic zinc ferrocyanide, to be comparatively 
insoluble in dilute acids. It is, however, readily attacked by caustic 
alkali, without the formation of large quantities of cyanide, as 
would be the case if it were composed of zinc cyanide. Mr \Vhitby 
deals also with this point, and I am in entire agreement with his 
remarks. His analysis speaks for itself. 

I do not quite follow Prof. Prister's explanation of the action of 
carbon dioxide in cyanide solutions. It is well known (and has, 
indeed, been recently pointed out in this Society by Mr Pead) that 
if sulphuric acid is added to a cyanide solution until a precipitate is 
formed, the precipitate removed and the solution neutralised (to 
phenol-phthalein), that the solution contains more" free" cyanid~ 
than before treatment. This increase in free cyanide is equivalent 
to the zinc precipitated (as ferrocyanide). The reactions would 
appear to be given by the following equations :-

K2Zn(CN)4 + 2H2S04 =K2S04 + ZnS04 + 4HCN 
ZnS04 + K4Fe(CN)6 = ZnK2Fe(C N)6 1 + K 2S04 

On neutralising-

4HCN + 4NaOH=4NaCN +4H20 

Carbonic acid is a stronger acid than hydrocyanic acid, and acts 
similarly to sulphuric acid. 

I do not quite see how Prof. Prister explains the formation of 
zinc hydrate in presence of carbon dioxide. I am under the impres
sion that the precipitate formed is a mixture of zinc ferrocyanide 
and zinc carbonate. In presence of excess of carbon dioxide zinc 
forms a soluble bicarbonate, but there is no need to add a large 
excess. I have to thank Mr Whitby for his courtesy in submitting 
to me a copy of the remarks which he has read to-night, so that I 

1 This formula only represents approximateJy the true constitution of the 
precipitate. 
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522 Wzlliams.: Determ£naizon Of Constants [AUG. 1904.-

might be in a position to reply at this meeting. I do not quite 
follow Mr Whitby in his remarks on gold and cyanide in the mill 
water. I have made a good many analyses of mill water and never' 
found the one without the other. Unless the gold is present as a 
cyanide, it is difficult to account for its presence. In regard to Mr 
Whitby's method for determining traces of cyanide, the method is. 
indubitably more rapid in execution than the method I gave, but as 
the result of one or two tests, it does not seem to me to give so 
accurate results when very minute traces are to be looked for. 
When sulphocyanates are present, it is, of course, the only admissible 
method. 

In the matter of Galetti's method, I must again dissent from the 
views held by Mr Whitby, for on general principles external in
dicators give more trouble than indicators which form part of the· 
solution unde(titration. The precipitate of zinc sulphide is readily 
washed with boiling water, and no appreciable amount appears to 
pass through the filter. Precipitated above 70° C., the precipitate is· 
flocculent, not slimy. 

In regard to the method for estimating carbonates, I would call 
attention to the fact that calcium carbonate is soluble (with decom
position) in cyanide solutions at normal temperature. 'Whether' 
total precipitation of carbonate could be obtained in presence of 
excess of calcium nitrate is, I think, doubtful. 

The remarks on the relative value of the" copper" and" silver'" 
assays are particularly valuable, coming as they do, from one who. 
may be considered a past-master in the art of assaying. 

In regard to' the preliminary evaporation in porcelain when 
testing for lime, it was an oversight on my part not to mention this, 
for as Mr Whitby points out, it is quite unnecessary to use platinum, 
except at the finish. I always evaporate first in porcelain and finish 
up in platinum. In conclusion, I thank Mr Whitby for his very in
structive criticism and for the support which he has given me in 
regard to the question of the "white precipitate." 

By the courtesy of Mr Caldecott I am enabled to publish analysis 
of the Simmer and Jack sands and slimes solutions. These solu
tions were working beautifully, the precipitation being such as 
would make glad the heart 'of the most pessimistic of cyanide 
managers. 1 would like to know whether the absence of 
ferrocyanide in the slimes solutions is general or exceptional ~ 
perhaps some cyanide men here to-night could give me the 
information. 
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SIMMER AND JACK 

Sands. Slimes. 
, 

Foot of Foot of FirstWash. ' 
Strong Weak Box. Box. 

Free cyanide, KCN 0'055 0'025 
Total cyanide, KCN 0'170 0'080 
Total alkali, N aOH 0'031 0'016 
Alk. hydrate, N aOH 0'012 0'003 ' 
Alk. carbonate, N a2COg . 0'025 0'017 
Lime, CaO. . . 0'016 0'017 
Zinc, Zn 0'042 0'023 
Sulphate, SOg . . 0'074 0'061 
Ferrocyanide, K4Fe(CN)6 0'033 0'008 
Sulphocyanate, KCNS . 0'013 0'008 

TABLE B (Revised and re-calculated). 

25 c.c. final dilution. 24° C. 

10 C.c. 1~0 K2Zn(CN)4 required 5'3 c.c. standard 

AgNOg for total cyanide. 
N 

1 C.c. 100KCN required 1'36 c.c. standard AgNOg 

for total cyanide. 

Per cent. 

K2Zn(CNJ4, KCN. AgN03 AgNOs, Total 
used. Theoretical. Cyanide 

shown. 

c.c. c.c. c.c. c.c. 
10 0 2'65 5'30 50'0 
10 1 2'80 6'66 42·0 
10 2 2'90 8'02 36'1 
10 3 3'10 9'38 33'0 
10 4 3'25 10'74 30'3 
10 5 3'45 12'10 28'5 
10 6 3'60 13'46 26'7 
10 7 3'70 14'82 25'0 
10 8 - 3'90 16'18 24"1 

Foot of 
Box. 

0'008 
0'019 
0'015 
0'011 
0'005 
0'023 
0'005 
0'090 
Nil. 

0'006 
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The President-Apart from the subject matter of Mr Williams' 
paper, it has been interesting to all of us in that it deals with the 
chemistry of some of our everyday problems from the standpoint 
of the new chemistry. We have had oi)e paper on the chemistry 
of cyaniding from the ionic standpoint before-from our dis
tinguished honorary Member, Prof. von Oettingen.l Mr Williams' 
paper is the second, and as time goes on I have no doubt the 
number of these papers will increase, so that it will behove SOllle 
·of us who left college a good many years ago to look a little more 
carefully into the question of the ionic theory. 

1 Proceedings of this Society, Vol. II. pp. 543·55:3. 
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xx 

THE COMPOSITION OF TOBACCO SMOKE 

By DR <! AMES MOIR (MEMBER) 

(Read at the March Meeting, 1904) 

SINCE the results of the analysis of mine air were published by 
the Miners' Phthisis Commission, it has been very satisfactory to 
notice the increase of interest taken in the physiological action of 
carbon monoxide, and in view of this I venture to put before the 
Society the results of a number of analyses of tobacco smoke from 
various sources, which, to judge from the state of the atmosphere 
during our meetings, are li~ely to interest the majority of our 
Members. 

The samples of smoke were obtained as follows; An aspirator 
of about 2 litres capacity, fitted below with rubber tube and screw 
clip, was completely filled with water. The upper cork was fitted 
with a glass tube of suitable diameter·and the cigarette carefully 
fitted into it. An air-tight junction was easily obtained by very 
slightly moistening the paper. The cigarette was got well alight 
in the usual manner, whereon the cork was inserted and the screw 
clip below opened, so as to let the water run out and keep the 
cigarette burning at something like the normal rate. Usually, 
about 1k litres of smoke were obtained from a cigarette of ordinary 
size. In the case of pipes, they were attached to the top of the 
aspirator by a short piece of rubber tube, after getting the tobacco 
thoroughly alight over the whole surface. It will be agreed that 
the samples so taken differ from the smoke as ordinarily produced 
in smoking only by the absence of dilution with air. The o~ly 
objection is that due to the solubility of carbon dioxide in water, 
but this is not a serious factor, since the water used was partially 
saturated with carbon dioxide, and the sample was not in contact 
with the water for more than a few minutes, and was not shaken 
up. The gases were analysed in the ordinary technical manner, 
using the Orsat-Lunge apparatus. No special refinements of work
ing were employed, so that the figures are guaranteed ouly to about 

525 
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0'05 per cent. Only carbon dioxide, oxygen and carbon monoxide 
were determined. 

The following are the percentages obtained :-

Name. 

(1) "Three Castles" cigar
ettes 

(2) "State Express No, 
,~ 555 .. cigarettes 
'" (3)" H. & B.'s Premier 
'M Virginia" cigarettes 
:; (4)" Luxury" Virginia 

cigarettes 
(5) "Feds" Virginia cigar

ettes 
(6) "Dimitrino 10 bis" 

cigarettes 
(7) Boguslavsky's "Turf" 

....: cigarettes i (8) Savory's "Piccadilly" 
';:: (Turkish) 
o (9)" Melachrino " 

(Egyptian) 
(10) "Bastos" (Algerian) 

Transvaal 

~ (12) Player's "Navy Mix-

~ { (11 Lieberg's g tobacco 

..8 ture" 
~ (1~) Wills' " Capstan" 
,~ medIUm 
"'" (14) Havana cigar (" Pedro 

Moreda") 

TABLE I 

, 
Carbon 
dioxide, Oxygen, Im~~~~~~e 

I ' 
Remarks. 

10'80 

9'60 

9'60 

------------------1 
~I----;.;;;;- English make, small size, 

tight, fairly moist, 

11'45 

9'55 

8'80 

7'00 

9'10 

6'40 

6'60 

15'75 

17'30 

17"35 

16'80 

13'00 

13'25 

10'95 

13'55 

14'65 

14'60 

14'40 I 
15'60 

16'20 

3'15 

1'50 1 

5'10 

2'40 

2'35 

1'80 

2-10 

2'10 

1'40 

1'10 

1'50 

0'90 

1'50 

5'50 

3'10 

2'85 

12'20 

" High class" cigarette, dry, 
very tight, 

V ery loose, mild, fairly 
moist (local brand). 

Loose. moist (local brand). 

Tight, dry, fairly coarse 
(local brand), 

Fresh, tight, fairly moist. 

Tight, but dry, and of coarser 
cut, 

Small, tight and dry, fine 
cut, 

Very dry, loose, small size. 

Very loose and dry (black 
tobacco), 

Smoked in long pipe; very 
dry, tightly packed, 

Smoked in "bull·dog" pipe; 
rather moist, tightly packed . 

Smoked in " bull-dog" pipe; 
very moist, tightly packed. 

More than half smoked; 
cigar fairly dry, but tight, 

On examllllllg these figures, it will be seen that there is a 
remarkable uniformity in the composition of the smoke from 
sources of the same class. Thus, for Virginia cigarettes of the most 
varied quality the average is 10'2 per cent, carbon dioxide 12'5 per 
cent. oxygen and 2'2 per cent. carbon monoxide, the mildest 
(Hartfield & Boodson's "Premier") and the strongest (" Three 
Castles") not differing much from this average. Again, the 
Oriental cigarettes form a separate and less noxious group. Their 
average is' 7'6 per cent, carbon dioxide 15'1 per cent. oxygen, 
and 1'3' per cent. carbon monoxide, ,and, again, the mildest 
(" Melachrino") and the strongest (" Piccadilly") are quite close to 

~ A leak occurred in determining this figure, aud the result is several per cent. 
too low, The carbon dioxide and carbon monoxide are, however, reliable, 
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this average. Yet even the mildest Virginia cigarette is notably 
more noxious when inhaled than any of the Egyptian. Of course, 
the above figures do not represent the composition of the actual gas 
in the lungs of one who inhales, since the concentrated smoke is 
not, as a rule, inhaled beyond the larynx. 

The composition of the smoke from pipes and cigars is rather 
alarming, and it is perhaps as well that such smokes are too acrid 
for inhalation. Probably this accounts for the palpitation and 
gicldiness which the confirmed cigarette smoker gets if he is reduced 
to trying the pipe j even then he cannot help inhaling, and so 
gets appreciable quantities of carbon monoxide into his blood. 

With regard to the individual members of each group, it will be 
noticed that the percentage of carbon monoxide is relatively greatest 
in the more tightly packed brands, especially when they are fresh 
and moist. Since, however, the concentration (i.e. percentage of 
total carbon compounds) of the smokes varies, a correct comparison 
is not possible from the actual analytical figures. I have therefore 
calculated the proportion which the carbon present as carbon 
monoxide bears to the total carbon in each smoke. This is the true 
criterion of the goodness of the combustion in each case. The 
following table is arranged in order of merit :-

TABLE II 

Ratio of Oarbon Percentage of 
Name of Tobacco. as 00 to Total real Smoke 

Oarbon. in Samples. 

(1 ) " Melachrino" cigarette 0'12 26 
(2) " Dimitrino" 

" 
0'135 30 

(3) "Turf >, 
" 

0'135 30 
( 4) " Piccadilly" 

" 
0'14 32 

(5) " Capstan" medium 0'14 76 
(6) "Navy Mixture" 0-15 -
(7) "Luxury" cigarette 0'16 48 
(8) "Premier" 

" 
0-16 37-

(9) "Feds" 
" 

0-18 35 
(10) "Bastos" 

" 
0'19 23 

(11) " Three Castles" 
" 

0'19 44 
(12) " State Express" 

" 
0'20 38 

(13) Boer tobacco 0-26 85 
(14) Havana cigar 0-42 89 
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It will be noticed that the English pipe tobaccos are now much 
further up the list, being ahead of all the Virginia cigarettes. 
This means that a more perfect combustion of the tobacco is 
attainable in the pipe than in a cigarette containing the same weight 
of Virginia tobacco. The most curious result in this table is that 
the tobaccos and cigarettes of the higher price (and, presumably, 
quality) in each class are just the ones which give bad combustion 
and much carbon monoxide. Since the production of the latter 
gas seems to depend more on tightness of filling than any other 
factor, it certainly looks as if "good quality" (as popularly under
stood) depended more on tightness of filling than on variations in 
the individual tobaccos in each class. Probably the fact that tightly 
filled cigar'ettes filter away the noxious oil from the smoke more 
effectually is the reason why such cigarettes are accepted as being 
better in quality than their competitors, although my analyses show 
that such cigarettes are more noxious when inhaled, a point of im
portance, since the insidious mildness of the smoke to the nerve of 
taste and smell (which cannot perceive the presence of carbon 
monoxide) makes the inhalation of such cigarettes specially deep 
and harmful. 

With regard to the more perfect combustion attained in Oriental 
cigarettes, the explanation must be sought in the much higher pro
portion of the nitre present in these tobaccos. Many of them con
tain so much potassium nitrate that when ignited they continue to 
burn without human aid. They are also, as a rule, much drier 
than Virginian cigarettes, and some of them are very loosely filled. 
One result of this is the much greater tenuity of the smoke from 
such cigarettes. This was very noticeable while collecting the 
samples for analysis, for whereas the American cigarettes gave an 
opaque white smoke, which condensed to a considerable film of oil 
in the aspirator, the Egyptian gave a much bluer' and thinner 
smoke, producing remarkably little oil on settling. 

Anotherinteresting calculation is em bodied in the second column of 
Table II. The figures were obtained as follows: Taking" Three 
Castles" cigarettes for example, we find that the sample of smoke 
contained ll'S per cent. of oxygen. It must be assumed that this 
comes from air which has leaked through the burning end of the 
cigarette without coming in contact with the burning surface long 
enough to be completely utilised. If, th.erefore, we multiply 11'8 
by the ratio of nitrogen to oxygen in air' (viz. 3'77), we obtain the 
proportion of nitrogen in the gas corresponding to the oxygen (viz. 
44'6 per cent.). If, now we subtract from 100 parts of the gas this 
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oxygen and nitrogen, there are left 100 - 11'8 - 44'6 = 43'6 parts of 
pure smoke, consisting (from Table 1.) of 10'8 parts carbon dioxide, 
2'6 parts carbon monoxide, and 30'2 parts of nitrogen. 

We see thus that this Table enables us to measure the degree to 
which air gets admixed with the true products of combustion 
in actual smoking. It is, so to speak, rushed through the heated 
portion too fast to become hot enough to oxidise the unburnt 
portion of the smoke (i.e. the carbon monoxide and oils). In the 
case of cigarettes, part of this air has simply leaked through at the 
burning edge of the paper, which usually burns ahead of the 
tobacco. In this table the" Bastos" cigarette, which is an unusually 
loose and. dry one, with a very combustible paper, heads the list. 
Its smoke contains over 16 per cent. of oxygen, yet the I! per cent. 
of carbon monoxide which it contains has escaped combustion, 
owing to the rapidity with which the air and products of com
bustion are withdrawn from the heated area. This cigarette is well 
known to be one of the "shortest smokes" on the market and 
contains a high percentage of nitre; nevertheless, it yields a fairly 
high carbon monoxide value, showing that mere access of air without 
the necessary high temperature will not ensure complete combustion. 

The last point of interest in these analyses is the fact that the 
percentage of total oxygen (free and fixed as carbon dioxide and 
carbon monoxide, is much higher than in the original air. The 
following table gives the results in order of magnitude ;-

Total oxygen. 

Name of tobacco. 02 + CO2 + !CO: 
(1) Transvaal 21'65 per cent. 
(2) "Turf" cigarette 22'15 " 
(3) "Melachrino" cigarette 22'45 " 
(4) "Luxury" 23'45 " 
(5) "Bastos" 23'5 " 
(6) "Premier" 23'77 " 
(7) "State Express" 23'80 " 
(8) "Capstan" medium 23'87 " 
(9) "Three Castles" 23'93 " 

(10) "Dimitrino" cigarette 24'14 " 
(11) "Feds" 24'16 " 
(12) "Piccadilly" 24'21 " 
(13) Havana cigar 25'30 " 

The results are rather erratic and difficult to interpret, but the 
extra oxygen must have somehow come from the tobacco itself. 

2L 
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Had the latter consisted solely of cellulose (C12H20010) and water, 
in which the hydrogen and oxygen are just equivalent to one 
another, then the total oxygen in the products of combustion should 
be the same as in air (21 per cent. by volume), or less if carbon 
monoxide is formed. Hence, we must assume the presence in the 
tobacco in another source of oxygen. The chief one is, of course, 
nitre, and this explains most of the facts; yet it would seem to 
require considerable percentages of nitre in some of the tobaccos 
to account for the above figures, and, further, the position of the 
American tobaccos (which cannot contain much nitre) in the list is 
hard to understand. Perhaps I shall have time some day to actually 
determine the proportion of nitre in various tobaccos. 

Perhaps it will have excited some surprise that a paper on tobacco 
could be written without mentioning nicotine. I have, however, 
elsewhere given reasons why the nicotine existing in tobacco cannot 
survive the combustion and has never been really identified in the 
smoke. It would, however, be a valuable addition to these results 
if determinations of nicotine were made in commercial tobaccos, 
together with determinations of the quantity of oil produced when 
they are smoked. These data, along with the foregoing gas 
analyses, would provide all the factors required to enable the 
"discriminating smoker" to choose his weed on rigidly scientific 
lines. . 

The President-I should like to thank Dr Moir for giving us 
the results of his interesting experiments on the composition of 
tobacco smoke, and also to express my regret that he was not able 
to give us the further data in regard to aromatic oils and other 
constituents in smoke. The main impression one gets after listen
ing to his paper is that the enjoyability of ,tobacco smoke depends 
on the amount of carbon monoxide present. The most popular 
form of cigarette turns out to be the worst of its class, and even if 
we take a pipe of Transvaal tobacco, we find 'that it also contains 
the most carbon monoxide, ana, again,'the most luxurious smoke of 
all, the Havana cigar, contains the highest amount of carbon 
monoxide of all the classes tested. Before we depart from this 
subject, I should like to ask if any of the Members present wish to 
ask Dr Moir any questions on the subject. Perhaps Dr Macaulay 
will give us his impressions, particularly in regard to physiological 
results. / 

Dr D. Macaulay-As you have called)lpon me by name, I cannot 
refuse to say a few words on this interesting subject. We must all 
feel grateful to Dr Moir for having devoted so much of his valuable 
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time in investigating the subject, as it is not only interesting to the 
mining community, but to the world at large. Still, after the 
information we have received, I wish to say that I really feel some
what surprised that I was able to attend your meeting this evening. 
I have smoked" Three Castles" cigarettes now for more years than 
I can remember. I have no desire for a moment to doubt the 
accuracy of Dr Moir's figures, nor do I wish to cast any doubt upon 
his friend Mr Heymann's remarks on miners' phthisi8, but it really 
surprises me that I have been able to attend the meeting to-night. 
According to what I am led to believe is tlie cause of miners' 
phthisis, not only I, but all Members of Society ought at the present 
moment to be suffering from miners' phthisis. The proportion of 
carbon monoxide, which is supposed to be the chief of the noxious 
gases in our mines, in tobacco smoke as analysed by Dr Moir, is 
very much in excess of that obtaining in the mines. Seeing that 
when smoking the carbon monoxide is brought into quite as intimate 
relations with the respiratory organs as when working in the drives 
and stopes of a mine, I really fail to see where we are. I feel that 
this is a subject which really wants more investigation. I do not 
cast any reflection on the analyses of Dr Moir, but I think he has 
.failed to take into account the various reactions which must 
necessarily take place between the gases inhaled or absorbed in the 
mouth and the gases met in the respiratory passages. Carbon 
dioxide especially would find some difficulty in entering into the 
composition of the inhaled air, for it meets with a vitiated atmos
phere. This is a question, seeing that we are all alive, that will 
req uire further discussion. 

A Member-Dr Moir says there is no nicotine in the smoke, but 
if you blow the smoke through a handkerchief, you will find it 
leaves a brown mark. I should like to ask him what that is. 

Dr Moir-That is a well-known experiment. Undoubtedly, you 
get the same brown oil which collects in the pipe, but it 'is not 
nicotine in the strict sense. It is a complex mixture of organic 
compounds related to pyridine. Nicotine is an intense poison, but 
this oil is comparatively harmless. I think that a possible explana
tion of the divergency in the results as regards the inhalation of 
tobacco smoke and miner's phthisis is that tobacco smoke seems to 
be diluted at least 100 times when breathed in the ordinary way. 
I collected it in an exceedingly concentrated condition. 

Mr A. Heymann-Dr Macv,ulay says he has been smoking" Three 
Castles" cigarettes for a long time, and wonders why he is not dead. 
When comparing the analyses of ciga,rette smoke with the fig,ures I 
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gave in my paper on miners' phthisis, Dr Macaulay evidently forgets 
that we do not smoke continuously, and that when we smoke, we 
breathe also plenty of pure air, whilst miners have no other air to 
breathe but that which may contain 0'5 or 0'05 per cent. of carbon 
monoxide, and which they breathe for eight hours. This is a very 
important factor, and I am surprised it did not strike Dr Macaulay. 
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THE DEOANTATION PROOESS OF SLIMES TREATMENT 

ITS POS:;lIBILITIES AND LIMITATIONS 

By E. J. LASCHINGER, B.A.Sc. (ASSOCIATE) 

THE profitable cyanide treatment of low-grade current slimes by 
the decantation process has long been assured on the Witwatersrand 
Goldfields, and the indirect advantages gained thereby are likewise 
becoming generally recognised. 

Recent papers and discussions in this Society have shown that the 
attention of many Members is turned toward finer crushing of the 
banket ore, more particularly as regards the re-grinding of the 
spitzlutte concentrates. It is well known that cyanide solutions 
to be effective in dissolving gold must come in contact with the 
minute particles of the precious metal, and the material to be 
treated must, therefore, be crushed fine enough to expose the gold. 
The action of cyanide being essentially superficial, it follows that 
the finer the crushing the more the subsequent cyanide treatment 
will reduce the amount of encased or undissolved gold thrown away 
with the residues. The finer grinding of the richer and more 
pyritic portion of the crushed ore has a tendency to produce slimes 
richer than our present average 2 to'3 dwt. product. 

In view of the increasing importance of this subject and from 
the considerations above referred to, it appeared not inopportune 
to discuss the possibilities and limitations of the decantation 
process of slimes treatment under various given conditions. This 
investigation, mainly undertaken from a mathematical standpoint, 
may, perhaps, serve to indicate the direction in which the best 
economic results may be obtained, as well as to show losses incurred 
by carrying certain factors in treatment beyond definite limits. At 
the same time, the conditions involved in slimes treatment are so 
varied, according to special circumstances, that it is advisable for 
,those directly interested in this branch of metallurgy to investigate 
special cases in some such manner as is here indicated. 

It is safe to say that the usual process of slimes treatment as 
533 
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practised on the Rand has given highly satisfactory results, so much 
so, indeed, that the tendency now is to produce a higher percentage 
of slimes instead of seeking to avoid the making of them in our 
mills. This process has gradually been built up, step by step, by 
metallurgists and engineers resident here, who are in daily touch 
with the work and who are mostly members of this and other 
kindred societies on the Rand. Improvements are still being 
continually introduced, not in the principle of operations, but in 
the details of working, in order to simplify methods and to reduce 
working expenses. 

At the risk of being tedious to most of the Members of this 
Society, it will be advisable to briefly describe the usual process of 
slimes treatment in vogue here. 

The mill pulp, from which the leachable product (pyrites and 
sands) has been separated, is conducted into a vat where the slimes 
settle gradually, the water overflowing the periphery of the vat. 
When sufficient slimes have collected the stream of pulp is diverted 
into another collecting v~t; the slimes are allowed to settle and 
the excess of water is decanted off, leaving the slimes with a certain 
percentage of moisture as sludge in the bottom of the vat. This 
sludge is then transferred with weak cyanide solution to a treat
ment vat, the ratio of solution to dry slimes being about 3~ to 1 ; 
this is called the first wash. The agitation of the solution and 
slimes during transfer is an essential feature of this operation. To 
ensure thorough dissolving of the gold before the first settlement, a 
second transfer is sometimes practised, or additional circulation 
carried out during transfer. The mixture is now allowed to settle 
and the solution (called first wash solution) decanted off. The 
sludge is then again transferred with cyanide solution to a second 
treatment vat-ratio 3~ to 1, as before. This is the second wash. 
The mixture is again allowed to settle and the second wash 
solution is decanted off. The sludge is then ·discbarged with 
sufficient water to make it flow to the slimes residue dam. The 
second wash is made up of solution which has gone through the 
zinc boxes (called precipitated solution), and the first wash is made 
up of second wash gold-bearing solution and so-called strong 
solution, to bring it to the required cyanide strength. This first 
wash is decanted off to the filter vats, and thence goes to the zinc 
boxes, where the gold is precipitated. / 

The process as described above, to which we will hereafter refer 
as the" standard process," is thus one of successive settlement and 
decantation, and it is evident that instead of tWo washes any other 
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number of washes might be given, and with varying ratio of solu
tion to slimes. 

Let us now find what percentage extraction may be expected if 
certain definite conditions are given. Since the process is broken 
up into distinct stages, a simple mathematical treatment of the 
problem is possible. 

From actual working experience, representing good practice on 
the Witwatersrand, the following assumptions may be taken as a 
basis :-

(a) Assume 92 per cent. of the gold in the slimes to be dis
solved before the first wash is decanted off and no more gold 
dissolved in subsequent washes. 

(b) That the precipitated solution leaving the zinc boxes contains 
0'07 dwt. of gold per ton. 

(c) Moisture in slimes after each settlement and decantation is 45 
per cent. of total weight. 

(d) Ratio (by weight) of washes is 3~ of solution to 1 of dry slimes 
in pulp before settlement.! ' 

CASE A.-RAND STANDARD PROCESS 

Two washes given, of which-
Second wash is used to make up first wash. 
First wash only is precipitated. 
Second wash made up with precipitated solution. 
We find the following results where V indicates the assay value 

of dry slimes in dwts. of gold per ton of 2000 Ibs. :-

1. Percentage extraction of total gold in slimes, 85'876-
5'346 
----v-

1 Specific gravity of dry slimes assumed at 2'7, and ton taken at 2000 lbs. 
throughout. 

With reference to above assumptions, it frequcntly happens in slimes plants 
of insufficient capacity that less than 92 per cent. of the gold is dissolved, tl'to\1gh 
this figure may be obtained under good conditions. On the other hand, in 
some plants appreciably less than 0'07 dwt. of gold per ton is, on an average, 
left in the solution leaving the zinc boxes. Further, settled slime charges fre. 
quently contain less than 45 per cent. of moisture. The somewhat unfavourable 
assumptions (b) and (e) hence tend to counteract the more favourable assumption 
((i), and, in general, it is believed that the above basis is fairly representative for 
~ur purpose, and that future dcvelopments will merely tend to slightly improve 
upon the results shown further on. 
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II. Percentage extraction of soluble gold in slimes, 93'343-
5'346 
O'92V 

III. Total gold in residue (dwts. per ton of dry slimes), 0'14124V 
+0'05346. 

IV. Dissolved gold in residue (dwts. per ton of dry slimes) 
O'06124V + 0'05346. ' 

V. Undissolved gold in residue (dwts. per to'n of dry slimes), 0'08V; 
VI. Assay value of first wash solution (dwt. per ton),0'32022V 

+ 0'05007. 
VII. Assay value of second wash solution (dwt. per ton), 0'07485V 

+0'06534. 
Table I. gives the numerical results as worked out for slimes of 

values varying from 1 dwt. to 20 dwts. of gold per ton. 
A striking feature of this method of treating slime;; is indicated 

by this table, i.e. the higher the value of the slimes the greater the 
percentage extraction. 

Let us consider next the case of giving three washes, all other 
conditions remaining the same'! 

CASE B 

Three washes given, of which-
Third wash is used to make up second wash and 
Second wash is used to make up first wash. 
First wash only is precipitated. 
Third wash made up with precipitated solution. 

We find as before :- ' 
. 5'613 1. Percentage extractIOn of total gold, 90'169 -.-y 

II. Percentage extraction of soluble gold 98'010 - ~:~~~T 
III. Total gold in residues (dwt. per ton of dry slimes), 0'09831 V 

+ 0'05613. 
IV. Dissolved gold in residues (dwt. per ton of dry slimes), 

0'01831V +0'05613. 
V. Undissolved gold in residues (dwt. per ton of dry slimes), 

0·08V. 

1 For the convenience of those who wish to examine the algebraic process by 
which the results are obtained, the various steps are detailed for this case' on 
page 539. 
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VI. Assay value of first wash solution (dwt. per ton), 0'33622V + 
0'04907. , 

VII. Assay value of second wash solution (dwt. per ton), 
0'09570V + 0'06404. 

VIII. Assay value of third wash solution (dwt. per ton), 0'02258V 
+ 0'06861. 

Table II. gives the results as worked out for slimes of values 
ranging from 1 dwt. to 20 dwts. of gold pel' ton. 

It will be seen by comparing the total extraction, as given by 
Tables I. and II., that the three-wash method (other conditions 
being equal) gives about 4 per cent. higher extraction than the two
wash method. The question therefore remains, whether the extra 
working costs in giving the extra wash, and the greater vat capacity 
required, would warrant the adoption of three washes instead of 
two washes. This will depend on the richness of the slimes and 
will be discussed later on. 

Let us now examine into the differences which will be caused by 
modifying our original assumptions. Let us first vary the ratio of 
solutions to slimes in the washes-assumption (cl). 

Case Al.-Two washes given, ratio solution to slimes 2!: 1. 
Case A2.-Two washes given, ratio solution to slimes 4!: 1. 

Results as follows: 

Case. Ratios. Per cent. Extraction Per cen t. Extraction 
of Total Gold. of Soluble Gold. 

Al 2~: 1 79'364 _ 4'940 
V 

86'265 _ 4'940 
0'92V 

A 3!: 1 85'876 _ 5'346 
V 

93'343 _ 5'346 
0'92V 

A2 4~: 1 88'426 _ 5'505 
V 

96'115 _ 5'505 
0'92V 

Table III. gives the percentage extractions of total gold and of 
soluble gold for Cases AI' A and A2, set opposite each other for 
comparison for different grades of slimes. 

These figures go to show that with the two-wash method, by 
increasing the 'ratio of solution to dry slimes from 3~: 1 to 4!: 1, 
the extraction of total gold is enhanced by about 2! per cent., 
whereas if the ratio is decreased from 3t: 1 to 2!: 1, the 
extraction is diminished by about 6! per cent. 

Treating the method of three washes in a similar manner we 
obtain the following results :-
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Case, 

B 

Ratio, 

2 : 1 

5~: 1 

Per cent, Extraction 
of Total Gold, 

79'806 _ 4'968 
V 

86'237 _ 5'368 
V 

90'169 _ 5'613 
V 

91'213 _ 5'678 
---v 

91'594 _ 5'702 
V 

TABLE 1. CASE A 

Per cen t, Extraction 
of Soluble Gold, 

86'745 _ 4'968 
O'92V 

93'736 _ 5'368 
, O'92V 

98'010 _ 5'613 
O'92V 

99'144 _ 5'678 
O'92V 
5'702 

99'559 - O'92V' 

EXTRACTION OF GOLD FROM SLI~1ES-SETTLEMENT AND 

DECANTATION PROCESS 

TWO WASHES, FIRST WASH ONLY PRECIPITATED 

Ratio of Solution to Dry Slimes, 3-2-: 1. 92 per cent, 
of Gold Dissolved, 

Moisture in Slimes after Decantation, 45 per cent, Value of 
Precipitated Solution, 0'07 dwt. per ton, 

I 
I. U, III, IV, V, VI, VII, 

Value 
Dissolved Assa.y Value Assay Value of Extraction Extraction Total Gold Undissolved 

Slimes, of Total of Soluble in Residue. Gold in Gold in First Wash SecondWash 
Dwts, Gold, Gold, Dwts, per Residues. Residues. Solution, Solution. 

Dwts. per Dwts, per Dwts, per Dwts, pertoD, Per cent. Per cent, ton, ton. ton, ton. per ton. 

-- --_. 

1 80'530 87'532 0'1947 O'1l47 0'08 0'3703 0'1402 
2 83'203 90'437 0'3359 0'1759 0'16 0'6905 0'2150 
3 84'094 91'406 0'4772 0'2372 0'24 1'0107 0'2899 
4 84'540 91'890 0'6184 0'2984 0'32 1'3309 0'3647 
5 84'807 92'181 0'7597 0'3597 0'40 1'6512 0'4396 
6 ·84'985 92'375 0'9009 0'4209 0'48 1'9714 0'5144 
8 85'208 92'617 1'1834 0'5434 0'64 2'6ll8 0'6641 

10 85'341 92'762 1'4659 0'6659 0'80 3'2523 0'8138 
12 85'430 92'859 1'7483 0'7883 0'96 3'8927 0'9635 
14 85'494 92'928 2'0308 0'9108 1'12 4'5331 l'1l32 
16 85'542 92'980 2'3133 1'0333 1'28 5'1736 .1'2629 
18 85'579 93'020 2'5958 1'1558 1'44 5'8140 1'4126 
20 85'609 93'052 2'8783 1'2783 1'60 6'4545 1'5623 

I / 
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TABLE II. CASE B 

EXTRACTION OF GOLD FROM SLIMES-SETTLEMENT AND 

DECANTATION PROCESS 

THREE WASHES. FIRST WASH ONLY PRECIPITATED 

Ratio of Solution to Dry Slimes, 3!: l. 92 per cent. 
of Gold Dissolved. 

Moisture in Slimes after Decantation, 45 per ce~t. Value of 
Precipitated Solution, 0'07 dwt. per ton. 

1. II. III. IV. V. VIII. 

Value of Extraction Extraction Total Gold Dissolred Undissolved 
VI. I VII. 

AssayValue AssayValue Assay Value 
Slimes. of Total of Soluble in Residues. Gold In Gold in First Wash Second Third Wash 
Dwts. Gold. Gold. Dwts. ResIdues. Residues. Solution. Wash Solu- Solution_ 

per ton. Per cent. Per cent. Per ton. Dwts. Dwts. Dwts. tlon. Dwts. Dwts. 
per ton. per ton. per ton. per ton. per ton. 

-- ---

I 
2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 

84'556 91'909 0'1544 0'0744 0'08 0'3853 0'1597 
87'363 94'960 0'2527 0'0927 0'16 0'7215 0'2554 
88'298 95'976 0'3511 0'1111 0'24 1'0577 0'3511 
88'766 96'485 0'4494 0'1294 0'32 . 1'3939 0'4468 
89'046 96'790 0'5477 0'1477 0'40 1'7302 0"5425 
89'235 96'993 0'6460 0'1660 0'48 2'0664 0'6382 
89'467 97'247 0'8426 0'2026 0'64 2'7389 0'8296 
89'608 97'400 1'0392 0'2392 0'80 3-4113 1'0210 
89'701 97'502 1'2358 0'2758 0'96 4-0837 1'2124 
89'768 97'574 1'4325 0'3115 l'l2 4'7561 1'4038 
89'818 97'629 1'6291 0'3491 1'28 5'4286 1'5952 
89'857 97 '671 1'8257 0'3857 1'44 6'1010 1'7866 
89'888 97'705 2'0223 0'4223 1'60 6'7735 1'9780 

ALGEBRAIC INVESTIGATION OF CASE B 

Let a be assay value of first wash solution (dwt. per ton). 
Let b be assay value of second wash solution (dwt. per ton). 
Let c be assay value of third wash solution (dwt. per ton). 
Let d be assay value of precipitated solution (dwt. per ton). 
Let V be assay value of dry slimes (dwt. per ton). 

0'0910 
0'1134 
0'1357 
0'1581 
0'1805 
0'2029 
0'2476 
0'2924 
0'3381 
0'3819 
0'4267 
0'4714 
0'5162 

With 45 per cent. moisture, 1 ton of dry slimes settles with 
191 tons of moisture. 
Then 3!a = 0'92V + (3! - "f91 )b 

:. a = 0'26286V + 0'7 6624b (1) 
and 3!b = "a + (3! - ~l)C 

:. b = 0'23377 a + 0'7 6624c 
and 3!C=~lb+(3!-191)d 

:. c = 0'23377b + 0'76624d 

(2) 

(3) 
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540 E. J. Lasch£nger: Sl£mes Treatment [APR. 1904 

Combining (2) and (3) we have :
b = 0'28478a+ 0'71523d (4) 

Combining (1) and (4) we have :-
a = 0'33622V + 0'701d (5) 

Substituting for d its value 0'07, we have :-
VI. a= 0'33622V + 0'04907 (5A) 

.. extraction = (3! -,\) (a - cl) = 0'90169V - 0'05613 (6) 

I. Percentage extraction of total gold 

= (6) x 100 = 90'169 _ 5'613 (7) 
V V 

II. Percentage extraction of soluble gold 

= (6)x 100 = 98'010 _ 5'613 (8) 
0'92V 0'92V 

Combining (5a) and (1) we have:-

VII. b = 0'0957V + 0'06404 (9) 

Combining (3) and (9) we have :-

VIII. c=0'02238V +0'06861 (10) 

IV. Dissolved gold in residue = 1\C, and by introducing (10) 
=0'01831V +0'05614 (11) 

V. Undissolved gold in residue = 0'08V (12) 

Adding (lO) and (11) we have:-

III. Total gold in residue=0'09831V +0'05614 (13) 

TABLE III. CASES All A, AND A2 

EXTRACTION OF GOLD FROJI.f SLIJl.fES-SETTLEMENT AND 
DECANTATION PROCESS 

TWO WASHES WITH VARIOUS RATIOS OF SOLUTION 
TO SLIMES 

92 per cent. of Gold Dissolved. FiI;s{ Wash only Precipitated. 
Moisture in Slimes after Decantation, 45 per cent. Value. of 
Precipitated Solution, 0'07 dwt. per ton. 
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APR. 1904] Theory and Practz"ce 54 1 

Value of 
Percentage Extraction of Total Gold. I Percentage Extraction of Solnbl~ Gold. 

Slime •. 
Dwts. per 

A,. I A. A,. I A,. A. A,. ton. Ratio, 2!: 1. Ratio, 3~ : 1. Ratio, 4! : 1. Ratio, 2~ : 1. Ratio, 3~ : 1. Ratio, 4! : 1. 

1. 2. 3. I 4. 5. 6. 
1 74"424 80·530 82·921 80'896 87·532 90'131 
2 76·894 83'203 85'674 ! 83·581 90·437 93·123 
3 77·718 84·094 86·591 84-475 91·406 94·120 
4 78·129 84·540 87'050 I 84·923 91·890 94·619 
5 78·376 84·807 87"325 85-191 92-181 94·918 
6 78·541 84'985 87·508 : 85·370 92'375 95·118 
8 78'746 85·208 87·738 85·594 92·617 95·367 

10 78·870 85·341 87'875 85·728 92:762 95·517 I 
12 

I 
78'952 85·430 87·967 85·818 92'859 95'616 

14 7(l·012 85'494 88'033 85'882 

I 

92'928 95'688 
16 79·056 85·542 88'082 85·930 92·980 95·741 
18 79'090 85'579 88'120 85·967 93'020 95·783 
20 I 79·117 I 85·609 88'151 86·002 93·052 95'816 I I I 

Table IV. gives the percentage extractions of total gold and of 
soluble gold for the different ratios of solution to dry slimes, fo~ 
slimes of various grades. The gain in the extraction of total gold 
between the various ratios of solution to slimes are for the three~ 
wash method approximately as follows :- . 

Between 2 : 1 and 2t : 1, gain 6·4 per cent . 
. Between 2i : 1 and 3t : 1, gain 3·9 " 
Between 3t : 1 and 4! : 1, gain 1·0 " 
Between 4t : 1 and 5t : 1, gain 0·4 " 

Some of the results taken from Tables III. and IV. are plotted 
graphically in Fig. 1, and it is evident to the eye, when looking at 
these curves, that the point where an increase or decrease in the 
percentage extraction is most affected by the ratio of solution to 
slimes lies between the ratios 3 : 1 and 31 : 1. This indicates that 
the best ratio for ordinary work on low grade slimes, taking into 
account the fact that working expenses increase with an increase in 
the ratio, is about 3i : 1, but to be on the safe side should be slightly 
over rather than under that proportion, say, 3i : 1. This is a con
firmation that the ratio 31 : 1, commonly employed here on the 
Witwatersrand, as having been found most economical in practice 
nnder working conditions, agree also with theoretical deduction. 

In the treatment of rich slimes it might be advisable to use a 
higher ratio, say, 4i: 1 where a 1 per cent. increase in extraction 
may warrant the extra expense in handling more solution and pro
viding more vat capacity. 
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54 2 E. J. Laschinger: Slz"mes Treatment [APR. 1904-

TABLE IV. CASES B t , B2, B, Ba, B4 

EXTRACTION OF GOLD FROM SLIMES-SETTLEMENT AND 
DECANTATION PROCESS 

THREE WASHES, WITH VARIOUS RATIOS OF 
SOL UTION TO SLIMES 

92 per cent. of Gold Dissolved. First Wash only Precipitated. 
Moisture in Slimes after Decantation 45 per cent. Value 
of Precipitated Solution, 0'07 dwt, per ton. 

, 

Value of B1• B2, B, B3, B4 , 

Slimes, Ratio, 2: 1. Ratio, 2~ : 1. Ratio, 3~ : 1. Ratio, 4~ : 1. Ratio, 5~ : 1. 
Dwts: per 

ton, 1. 2, 3, 4, 5, 

Percentage Extraction of Total Golc!, 

1 - 74'838 80'869 84'556 85'535 85'892 
2 77'322 83'553 87-363 88'374 88'743 
3 78'150 84'448 88'29S 89'320 89'694 
4 78'564 84'895 88'766 89'793 90'169 
5 78'812 85'163 89'046 90'077 90'454 
6 78'978 85'342 89'235 90'267 90'644 
8 79'185 85-566 89'467 - 90'503 90'881 

10 79'309 85'700 89'608 90'645 91'024 
12 79'392 85'790 89'701 90'740 91'119 
14 79'451 85'854 89'768 90'807 91'187 
16 79'496 85'902 89'818 90'858 91'238 
18 79'530 85-939 89'857 90-898 91'277 
20 79'558 85'969 89'888 90'929 91'309 

Percentage Extraction of Soluble Gold. 

1 81'345 87-901 91'909 92'972 93'361 
2 84'045 90'819 94'960 96'058 96'460 
3 84'945 91'791 95'976 97-087 97-493 
4 85'395 9:]'277 96'485 97'601 98'010 
5 85'665 92'569 96'790 97'910 98'320 
6 85'845 92'764 96'993 98'115 98'526 
8 86'070 93'007 97'247 98'373 98'784 

10 86'205 93'153 97'400 98'527 98'939 
12 86'295 93'250 97'502 98'630 99'043 
14 86'359 93'319 97'574 98'703 99'116 
16 86'408 93'371 97'629 98'758 99'172 
18 86'445 93'412 97'671 98'801 99'215 
20 86'475 93'444 97'705 98'835 99'249 I 
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CASE C 

We will now consider the effect of varying another of the assump
tions on which the calculations have been based, i.e. assumption 
{c), moisture in slimes after settlement and decantation. So far, 
we have assumed that the settled slimes contained 45 per cent. of 
moisture. In good ordinary practice this is a common ratio, 
though it is affected by various factors, such as depth of settled 
charge, time available for settlement, nature of slimes and their 
specific gravity. 

Taking the standard Case A, two washes given, ratio of solution 
to dry slimes 31: 1 and varying the amount .of moisture settling 
with the slimes, we obtain the following; 

Case. 
Per cent. of Per cent Extraction Per cent. Extraction 

Moisture. of Total Gold. of Soluble Gold. 

°1 25 91'088 _ 2'310 
V 

99'008 _ 2'310 
0'92V 

°2 30 90'454 _ 2'950 
V 

98'320 _ 2'950 
0'92V 

0 3 35 89'496 _ 3'667 
V 

97'279 _ 3'667 
0'92V 

°4 40 88'053 _ 4'467 
V 

95'710 _ 4'467 
0'92V 

A 45 85'876 _ .5'346 
V 

93'343 _ 5'346 
0'92V 

0 0 50 82'564 _ 6'282 
V 

89'743 _ 6'282 
0'92V 

0 6 55 77'481 _ 7'194 
V 

84'219 _ 7'194 
O'92V 

°7 60 69'621 _ 7 '946 
V 

75'675.- 7'946 
0'92V 

Table V. gives values as worked out for slimes of various grades 
from the above formul::e, and in Fig. 2 are plotted graphically some 
of the results from Table V. 

From this Table V., and Fig. 2, it is apparent that the complete
ness with which the settlement and decantation is carried out has a 
very important effect upon the extraction. The difference between 
60 per cent. and 40 per cent. of moisture in the two-wash method 
making the enormous difference of over 20 per cent. in the extrac
tion when working with 2 dwts. slimes, all other things being 
equal. By comparing the above with Table IV. of variation due to 
difference of ratio of solution to slimes, it is seen that as good an 
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TABLE V. OASES 01' 02' °3,04, A, 05' °6• AND 07 

EXTRACTION OF GOLD FROJlI SLIMES-SETTLEMENT AND 

DECANTATION PROCESS 

TWO WASHES. VARYING MOISTURE AFTER 
DEOANTATION 

Ratio of Solution to Dry Slimes, 3! : 1. First Wash only Precipi
tated. 92 per cent. of Gold Dissolved. Value of Precipitated 
Solution, 0'07 dwt. per ton. 

MOISTURE IN SLIMES AFTER DECANTATION. 

Value of C,_ C2 - C,_ C,_ A_ C,_ C,_ C7 -Slimes_ 25 per cent_ 30per cent_ 35 percent_ 40percent. 45 per cent_ 50 percent. 55 per cent_ GO percent. 
Dwls. 

per ton. 1. 2. 3_ 4_ 5_ G_ 7_ 8_ 

1 
2 
3 
4 
5 
6 
Ii 

10 
12 
14 
16 
18 
20 

1 
2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
18 
20 

PERCElfTAGE EXTRACTION OF TOTAL GOLD_ 

88-778 87'504 85-829 83'586 80-530 76'282 70'287 61-675 
89-933 88-979 87-663 85-820 83-203 79-423 73-884 65'648 
90'318 89-471 88-274 86-564 84'094 80-470 75-083 66-972 
90-511 89-717 88-579 86-936 84-540 80-994 75-682 67-635 
90-626 89-864 88-763 87-160 84;807 81-308 76-042 68-032 
90-703 89-962 88-885 87-308 84'985 81-517 76-282 68-297 
90-799 90'085 89-038 87'495 85-208 81-779 76-582 68-628 
90-857 90-159 89'129 87-606 85-341 ~1-936 76-762 68-826 
90-896 90-208 89-191 87'681 85-430 8~-041 76-881 68-959 
90-923 90-243 89-234 87-734 85-494 82-115 76-967 69-053 
90-944 90-270 89'267 87-774 85-542 82-172 77"031 

I 

69-125 
90-960 90-290 89-292 87-806 85-579 82-215 77-081 69-180 
90-972 90-307 89-313 87-830 85-609 82-250 77-121 69'224 

PERCENTAGE EXTRACTION OF SOLUBLE GOLD_ 

96-497 95-114 93-293 

I 

90-855 87-532 82-988 76-399 67-038 
97-753 96-717 95-286 93-283 90-437 86-366 80-309 71-357 
98-171 97-251 95-950 94-092 91-406 87"491 81-612 72-796 
98-380 97'519 96-283 94-496 91'890 88-054 82-264 73-516 
98-506 97'679 96-482 94-739 92-181 88-392 82-655 73-948 
98-590 97'786 96-615 94'901 _92-375 88-617 82'916 74-235 
98-694 97-919 96-781 95'103 92-617 88-89!J 83-242 74-595 
98-757 97-999 96-880 95-225 92-762 89-068 

I 
83-437 74'81l 

98-799 98'053 96-947 95-305 92'859 89-180 83-568 74"955 
98-8~9 98-091 96-994 95-363 92-928 89'261 83-660 75-058 
98-851 98-120 97-030 95-406 92-980 89-321 83-730 75-135 
98-869 98-142 97'058 95-440 93-020 89-368 83-785 75'195 
98-882 98-160 97'080 95-467 93-052 89-405 83'828 75':l43 

NOTE_-Coillmns 1. and 2., representing results with 25 and 30 per cent_ moisture 
respectively, may be useful in determining what,resuits may be expected in filter
press work, or some other special methods employed to reduce moisture as much as 
possible. 
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extraction is obtained by decanting off a 3~: 1 wash, so as to leave 
only 40 per cent. moisture as by decanting off a 4~: 1 wash leaving 
45 per cent. moisture-this shows the desirability of thorough 
decantation. An existing plant might avail itself of the more 
thorough decantation, with slight decrease of tonnage treated, 
where the increasing of the ratio of solution from 3&: 1 to 4&: 1 
would be impossible for want of vat capacity. 

·With regard to the effect on the extraction of the value of the 
solution leaving the zinc boxes, the mathematical investigation con
firms the result found in practice, i.e., the less the gold contents of 
the precipitated solution the better the extraction. This is not 
obvious at first glance to those unacquainted with the practical 
operation of slimes plants, because one may look upon the precipi
tated solution as continually in circulation, being enriched during 
its round through the vats and then re-precipitated to its original 
gold value. 

The formulre expressing the percentage extraction of soluble 
gold in slimes (assuming washes with ratio of 3~: 1, and moisture 
in settled slimes at 45 per cent., and taking v as the soluble gold 
in the slimes in this case) are :-

For two-wash process, percentage of extraction equals 
d 

93'343 - 76'37-v 
For three-wash process precentage of extraction equals 

98'010 - 80'19~ 
v 

where d represents the value of the precipitated solution in dwt. 
per ton. 

By running these out in figures we find that for each 0'01 dwt. of 
gold in the precipitated solution about 0'4 per cent. is lost in the 
extraction of the gold contents when working with 2 dwt. slimes 
by the two-wash process, and about 0'07 per cent. when working 
with 12 dwt. slimes by the three-wash process. Therefore, if 2 dwt. 
slimes are treated by the standard two-wash process, and the value 
of the solution leaving the zinc boxes is brought down from 0'07 
dwt. to 0'04 dwt. per ton, there is a gain of over 1 per cent. in the 
extraction. This emphasises the necessity of thorough precipitation 
of the gold. 

It may be thought by some that it is not very important where 
the gold is dissolved, whether in the first wash or in the subsequent 
washes, so long as the total undissolved gold in the l'esidues is 

2M 
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reduced to a mInimum. The author has, therefore, worked out a 
case by assuming 72 per cent. of the gold dissolved in the first 
wash before it is decanted off and 20 per cent. more gold dissolved 
out in the second wash, the total dissolved gold being"as before, 92 
per cent. Two washes are assumed, ratio 3!: 1, and moisture In 
settled slimes 45 per cent. 

The result is as follows :-

Percentage extraction of total gold is 

81.512 _ 5·346 
V 

Comparing this with standard Case A, where 92 per cent. of the 
gold is assumed to be dissolved in the first wash, and percentage 

extraction of total gold is 85·876 - 5·3~6, we see that there is a loss 

of 4·364 per cent. in extraction due to this factor alone. This, 
therefore, points to the importance of a thorough agitation and 
aeration as the slimes and solution before the first wash is decanted 
off, so as to dissolve as much gold as possible, thus enhancing the 
extraction. 

CASE D 

We now come to the question as to whether it would be 
advantageous to vary the method of extraction by precipitating 
more than one wash. It may be advisable, when working with rich 
slimes, to precipitate the second wash solution as well as the first. 

Assuming two washes given, ratio 3!: 1, both washes pre
cipitated and both made up with precipitated solution. Results as 
follows :-

Assay value of first wash solution (a) = 0·26286V + 0·05364. 
Assay value of second wash solution (b) = 0·060145V + 0·06617. 

Percentage extraction of total gold equals 
86.972 _ 1)·415 

V 

Percentage extraction of soluble gold equals 

94.535 _ 5·415 
0·92V 

The numerical results are shown in Table VI. Comparing these 
with Case A, Table I., we see that the extraction is only about 1 
per cent. better in favour of precipitating both washes rather than 
the first wash only, and unless the slimes were rich (say, over 10 
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dwt.), there would be a positive loss in precipitating both washes 
instead of only the first wash, due to increased costs in working 
&nd capital expenditure, as will be shown further on. 

TABLE VI. CASE D 

EXTRACTION OF GOLD FROM SLIMES-SETTLEMENT AND 
DECANTATION PROCESS 

TWO WASHES GIVEN. BOTH WASHES PRECIPITATED 
AND BOTH MADE UP WITH PRECIPITATED SOLUTION 

Dissolved gold assumed at 92 per cent. Moisture in Slimes 
after Decantation, 45 per cent. Ratio Solution to Dry Slimes, 3t : 
1. Value of Precipitated Solution, 0'07 dwt. per ton. 

Per cent. Per cent. 
Value of Extraction of Extraction of 
Slimes. Total Gold. Soluble Gold. 

Dwts per ton. 
1. 2. 

1 81'557 88'650 
2 840'265 91'593 
3 85'167 92'573 
4 85'618 93'064 
5 85'889 93'358 
6 86'069 93'554 
8 86'295 93'799 

10 86'431 93'947 
12 86'521 94'045 
14 86'58fi 94'115 
16 86'633 94'167 
18 86'671 94'208 
20 86'701 94'241 

CASE E 
Assume now the case of three washes given, of which the first 

&nd second wash solutions are precipitated. 
First wash made up with third. 
Second and third washes made up with precipitated solution. 
Assay value of first wash (a)=0'27434V +0'05292 

" " second" (b) = O'06413V + 0'06601 

Percentage extraction of total gold equals 90'773 _ 5'651 
V 
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Percentage extraction of soluble gold equals 
98'666 _ 5'651 

0'92V 
The numerical results are worked out in Table VII. for slimes of 

different grades, Here, again, we find (comparing Cases B and E) 
that 

TABLE VII. CASE E 

EXTRACTION OF GOLD FROllI SLIlIIES-SETTLElliENT AND 

DECANTATION PROCESS 

'l'HREE. WASHES GIVEN. FIRST AND SECOND 
WASHES PRECIPITATED 

Ratio of Solution to Dry Slimes, 3t : 1. First wash made up 
with third; second and third washes made up with precipitated 
solution. Dissolved Gold assumed at 92 per cent. of Total Gold. 
Moisture in Slimes after Decantation, 45 per cent, Value of 
Precipitated Solution 0'07 dwt. per ton. 

Value of Per cent. Per cent. 
Slimes, Extraction of Extraction of 

Dwts. per Total Gold. Soluble Gold. 
ton. 1. 2. 

1 85'122 92'524 
2 87'948 95'595 
3 88'889 96'619 
4 89'360 97'131 
5 89'643 97'438 
6 89'831 97'643 
8 90'067 97'899 

10 90'208 98'052 
12 90'302 98'154 
14 90'364 98'228 
16 90'420 98'282 
18 90'459 98'325 
20 90'490 98'359 

the gain in extraction is about 1 per cent, in favour of precipitating 
both washes, and the same remarks regarding expense also hold 
good. 
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CASE F, 

The author has also worked out the case of precipitating the first 
and second washes, but making up the first wash, as well as the 
third wash, with precipitated solution, and the second wash with 
the third wash, and in this case finds the extraction less by about 
4 per cent. than it would be if the first wash only is precipitated as 
in Case A. This method of working is obviously one which no one 
acquainted with the slimes process would adopt, but the author 
simply wishes to show on theoretical grounds what actual loss there 
is in this case. The results show:-

8'148 Percentage extraction of total g~ld equals 87'273 ---y-

. ' 8'148 
Percen tage extractlOn of soluble gold eq uals 94'862 - --V 

0'92 

The variation in extraction due to the influence of the different 
factors (such as ratio of solution to slimes, thoroughness of settle
ment and decantation, value of precipitated solution and differences 
in method) have each been traced independently, so that anyone 
can trace their effects, and more particularly their relative effects, 
and weigh them one against the other. The tables should prove 
useful for comparative purposes rather than giving absolute figures. 

Coming now to the question of working costs, we are at the 
outset met by numerous difficulties, because the design of the 
plant and the details of manipulation on the part of the cyanide 
manager and attendants have everything to do with this question. 
For various reasons, the centrifugal pump has been generally 
adopted as the standard machine for circulating and transferring 
sludge and solutions here on the Rand. Some of the reasons for 
adopting the centrifugal pump in preference to plunger pumps 
~which have a higher mechanical efficiency) are :-

1st. Convenience and saf.ety. An oversight on the part of the 
attendants in handling the valves might smash up the plunger' 
pump where a centrifugal pump suffers no damage. 

2nd. Efficiency in breaking up lumps of slimes, agitating and 
aerating the sludge. 

3rd. No valves or valve seats to give trouble or wear out. 
4th. Cheaper first cost, less maintenance cost and greater cleanli

ness in the pump house. 
5th. Large capacity and consequent saving in time required to 

perform an operation, 
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6th. Adaptability to electric driving without noisy toothed 
gearing. 

A vital point in connection with the arrangement of the piping 
is to have the pipes large enough, so as to obvia.te excessive loss in 
frictional resistances and consequent waste of power. 

From a consideration of the various factors which apply to the 
mechanical operation of a pumping plant, the following formula can 
be deduced :-

C f· " KH 
ost 0 pumpmg m pence per ton=9'9E 

Where K = cost of horse power per hour in pence. 
H = static head pumped against in feet. 
E = percentage mechanical efficiency of the pumping plant 

(pumps and piping). 
From actual efficiency tests conducted on some of our most recent 

plants, and assuming the cost per horse power per hour at 1·5d .• 
the author deduces the following as average power costs on our 
up-to-date plants :-

O·ld. per ton for transferring sludge. 
O·2d. " "discharging sludge to residue dam. 
O·15d. " "pumping solution. 
O·4d. " "pumping high pressure water for sluicing out 

slimes from vat for discharging. 

We may further assume that the cost of precipitating the gold 
from one ton of solution is 1·5d. This includes consumption of 
zinc, clean-up and smelting costs, but not labour. It is, of course. 
possible to reduce these power costs by improvements in design 
of plant, such as using large pumps and increased size of piping, 
but for good present pract.ice on the Rand, the above figures give 
fair values to serve as a basis of comparison. 

On the basis of the above figures the costs of the various opera
tions in passing one ton of dry slimes through the plant, are given 
'in Table VIII. 

By assuming different ratios of solution to slimes in treatment. 
and the ratio of water to slimes when discharged to dump at II 
to 1, we obtain the total pumping and precipitation costs for the 
various cases. A fair average, under present conditions for total 
working costs (including maintenance), is 2s. 6d., or 30d. per ton 
of slimes treated by the "Standard" proGess. Working out the 
pumping and precipitation costs for the "Standard" process, we 
find that t.hey amount to 6·5d. per ton of slimes treated. 
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Subtracting this from the total working costs of 30d. we get 
23·5d. as a constant quantity to be added to the pumping and 

TABLE VIII 
SETTLEMENT AND DECANTATION PROCESS 

POWER COST IN PENCE PER TON OF DRY 
SLIMES TREATED 

Moisture in Slimes after Decantation, 45 per cent. 

Ratio Power Cost of Transferring. Cost of Power Cost of Discharging. 
Solution Precipi-
to Dry tating 
Slimes. Solution. Sludge. Total. Gold. Water. Sludge. Total. 

--- --- --- ------
1. 2. 3. 4. 5. 6. 7. 

It : 1 - - - - 0'272 0500 077'2 
2 : 1 0'177 0'300 0'477 1-773 0'472 0'600 1'072 
2~ : 1 0'252 0'350 0'602 2'523 0'672 0'700 1'372 
3 : 1 0'327 0'400 0'727 3'273 0'872 0'800 1-672 
3t : 1 0'402 0'450 0'852 4'023 1'072 0'900 1'972 
4 : 1 0'477 0'500 0'977 4·773 - - --
4~ : 1 0'552 0550 1'102 5'523 - - -
[) : 1 0'627 0'600 1'227 

I 
6'273 - - -

Jrecipitation cost when using other ratios of solution to slimes 
)r when precipitating more than one wash. This is, of course, not 
strictly correct, but very nearly so, and the results thus obtained 
may be of great value in obtaining a fair idea as to what total 
working costs may be expected. Results are tabulated in 
Table IX. .. . 

Consider next the relation between interest on capital invested 
and depreciation of plant, on the gold output of the slimes plant. 

The capital invested may, without great error, be assumed to 
vary as the vat capacity installed, but the vat capacity installed is 
controlled to some extent by the size of the plant. This is 
because the number of collecting vats is not proportional to the 
number of stamps. It is usual to make all the vats of a standard 
size, and there must be a sufficient number of collectors so that 
one is always available when another has received its charge. 
A 100-stamp slimes proposition requires, say, two collectors, 
whereas a 200-stamp proposition will require only three, thus 
affecting a saving of vat capacity. The number of treatment vats 
varies directly as the amount of pulp to be treated. For a 200· 
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stamp mill plant, with a treatment capacity of, say, 8000 tons of 
slimes per month, about 1050 cubic ft. of vat capacity per ton of 
slimes treated per day is required j for a 100-stamp proposition 

TABLE IX 

TOTAL WORKING COSTS 

OF SLIl\1ES TREATMENT PER TON OF DRY SLUIES TREATED, 

INCLUDING IVIAINTENANCE_ SETTLEMENT AND DECANTA-

TION PROCESS 

Hatio of Solution to Dry Slimes as indicated in first column. 
Ratio of water to Dry Slimes for discharge to Residue 
Dam 1k: 1. Percentage of moisture in settled Slimes 
45 per cent_ 

Two Washes Given. Three Washes Given_ 

Fir.:;t oIlly Precipitated. Both First only Preeipitated_ First and Second 

Ratio. 'Vashes Precipitated. Precipitated. 

2 
2~ 
3 
3~ 
4 
4~ 
5 
5~ 

Dwt_ 

I 

Pence. Dwt_ 

I 

Pence. Dwt_ Pence. Dwt_ Pence. 

1. 2. 3_ 4, 5_ G. 7_ 8_ 

---
1 0-540 27-00 0-575 28-77 0'549 27'47 0-585 29-25 
1 0-560 28-00 0-610 30-52 0'572 28'60 0-622 31-12 
1 0-580 29-00 0-645 32'27 0'595 29-73 0-660 33'00 
1 0-600 30-00 0-680 34-02 0'617 30-85 0'697 34-87 
1 0-620 31-00 0'715 35-77 0'639 31-97 0,735 36-75 
1 0-640 32'00 0-750 37-52 0'662 33'10 0'772 38-62 
1 0'660 33-00 0-785 39-27 0-685 34'23 0-810 40-50 
1 0'680 34-00 0-820 41'02 0-707 35'35 0'847 42-37 

about 12150 cubic ft. are required_ This is for the standard tW(I
wash process, ratio of solution to slimes 3~: 1. If three washes 
are to be given, the vat capacity would have to be increased by 
25 to 30 per cent., say, 27 per cent. If, again, the ratio of 
solution to slimes in the washes is varied, the vat capacity must 
3:180 be varied. In Table X. are given the relative vat capacities 
required for these different conditions, taking the capacity for our 
standard process as 100. If we therefore assume that the capital 
outlay varies as the vat capacity, we / have also the relative 
capital expenditures. 

Let us now assume that a modern stan'dard slimes plaut for a 
,200-stamp mill, to treat 8000 tons of slimes per month costs, -
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erected, £31,000. Assume interest on capital at 4 per cent., and 
depreciation of plant at 9 per cent. per annum. Interest and 
deprecia~ion will therefore be £4030 per annum: total slimes 
treated, 96,000 tons per annum, which represents 10·OSd. per ton 
of slimes treated. 

For a 100-stamp proposition the capital outlay on slimes plant 
may be assumed at £19,000, and the interest and depreciation 
will represent l2·35d. per ton treated. U sing these figures as a 
basis, the interest and depreciation reduced to pence per ton of 
slimes treated may be worked ont for different ratios of solution 
to. slimes for both two-wash and three-wash methods. This is 
done, and results given in Table X.-

TABLE X 

SLIMES TREATMENT BY SETTLEMENT AND DECANTATION PROCESS 

Giving relative Vat Capacity and Amounts of Capital Expenditure 
and Interest on Capital and Depreciation of Plant per Ton 
of Dry Slimes t.reated_ Interest assumed at 4 per cent_, 
and Depreciation at 9 per cent_ per annum on Original 
Capital invested_ 

Two 'Vashes Given. Three 'Vashes Given. 

, [{atio of Relative Vat l Interest and Difference RelaUveVilt Interest and I Difference 
SoLutLon Capacity : Depreciation from Capacity Depreciation from 
to Dry or Relntive reduced to Standard or Relative reduced to Standard 
Slimes. CapiroL I Pence per in Pence per Cupital Pence per I in PCllce per 

Expenditure,! ton treatp.u. ton_ IExpenditure. ton tl'eated. ton. 

1. I 2. 3_ I 4_ 5,: G, 

On 100 Stamp Basis (4000 Tons Treated per Month)_ I 

~ 1 85 10-50 -1-85 107 

I 
13'21 +0'86 

1 93 11'48 -0-87 117 14-45 +2-10 
3~ 1 100 12-35 Standard. 127 

~ 
15-68 +3'33 

4 1 107 13-21 +0-86 137 16-92 +4-57 
4t 1 115 14-20 +1-85 147 18'15 +5-80 
5 1 122 15'07 +2-72 157 19-39 +7-04 
5t 1 I 128 15-81 +3-46 169 I 20'87 +8'52 

On 200 Stamp Basis (8000 Tons 'l'reated per Month)_ 

2~ 1 85 8'57 -1'51 107 I 10-78 I +0-70 
3 1 93 9-37 -0-71 

I 
117 

I 

11-79 +1-71 
3~ 1 100 10-08 Standard_ 127 12-80 +2-72 
4 1 107 10-78 +0-71 137 13-81 +3-73 
4~ 1 115 11-59 +1-51 147 I 14'82 +4-74 , 
5 1 122 12-30 +2-22 

i 
157 

I 
15-82 +5-74 

5~ 1 128 12-90 +2-82 169 17-14 +7'06 
I 
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To illustrate now the use of the Tables which have been 
given :-

Suppose we have a slimes product assaying 2 dwts. per ton j 
what variation in the process of trt'atment by settlement and' 
decantation would it be advisable to adopt, and what profit may 
be expected 1 

Take first the standard method of treatment, giving two washes 
of a ratio 3} : 1, first wash only precipitated. 

(1) Recovery as per Table 1., 83'20 per cent.l on 
2 dwt. 2 

Working costs, Table IX. 

Profit 

(2) If both washes were precipitated-

Recovery as per Table VI, 84'26 per cent. 
Working costs, Table IX. 

Profit 

Per Ton. 

83·20d. 
30·00d. 

53·20d. 

Per Ton, 
84·26d. 
34·02d. 

50·24d. 

Therefore, for 2 dwt. slimes, the precipitation of both washes is, 
less profitable than precipitating only one wash. 

(3) If the ratio of washes were taken at 2~ : 1 instead of 3t : 1" 
and first wash only precipitated-

Recovery as per Table IlL, 76'89 per cent. 
Working cost, Table IX. 

Profit 

Per Ton. 
76·89d. 
28·00d. 

48',89d. 

which is considerably less than profit with Standard process. 
(4) If ratio of washes were taken at 4! : 1 instead of 3~ : 1-:-

Recovery as per Table III., 85'67 per cent. 
Working costs, Table IX. 

Profit 
/ 

Per Ton. 
85·o7d. 
32'00d. 

53·67d. 

1 The extractions assumed here are the theoretical nnes. In good practice the' 
actual extraction has been found to practically coincide with these figures, 
, 2 Gold assumed at 50d. per dwt. 
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Extra _ interest and depreciation over (1) as per 
Table X. HId. 

52·16d. 
therefore ratio 4t : 1 is not so profitable as standard 3~ : 1 ratio. 

(5) If three washes were given, ratio 3~ : 1, first wash 
precipitated-

Recovery as per Table 11., 87 '36 per cent. 
Working costs, Table IX. 

Profit 
Extra interest and depreciation, Table X. 

Per Ton. 
87·36d. 
30·85d. 

56·51d. 
2·72d. 

53·79d. 
Hence there is no great practical gain by giving three washes rather 
than two. 

It is therefore proven, on theoretical grounds, that the standard 
met~od of treating 2 dwt. slimes by giving two washes with a ratio 
of 3t of solution to 1 of dry slimes, and precipitating only the first 
wash solution, is at present best. This method has been adopted 
on the Rand as having been found the best in practice, and it is. 
certainly encouraging to find that a theoretical investigation again 
proves it also as being the best way of working. 

Let us assume now that it is desirable to re-grind the richer and 
more pyritic portion of the crushed ore to a condition of slimes, 
and that this product has an assay value of 12 dwts. per ton. 

If the rich slimes are treated separately, we find; by pursuing 
methods for finding out the profits and costs as indicated above, 
that the method giving the best practical results is that of giving 
three washes of a ratio of 3t : 1 and precipitating the first wash 
only, when we get for 12 dwt. slimes-

Percentage extraction, 89'70 per cent .. 
Working costs . 

Profit 
which is £2, 2s. 3·45d. per ton. 

Per Ton. 
538·20d. 

30·85d .. 

507·45d. 

The best method of treating the ordinary 2 dwt. slimes was 
found to be the standard two-wash method, ratio 3t : 1, when we
obtained-

Percentage extraction 83'2 per cent. 
Profits, 53·2d. = 4s. 5·2d. per ton treated. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



556 E. J. Laschz"nger: Slz'mes Treatment [APR 1904 

If we assume that the proportion of ordinary slimes to rich 
slimes is in the ratio of, say, 3 to 1, and supposing that the ordinary 
slimes were treated by the standard method, and the rich slimes in 
a separate plant by giving three washes as indicated above, we 
()btain for our average on total slimes treated-

Average extraction 
Average working costs per ton. 
Average profit per ton. 

Extra interest and depreciation, ! of slimes 

Per Ton. 
84·8% 

30·21d. 
166·76d. 

=13s. 10·76d. 

treated by three-wash method . = Os. 0·68d. 

Difference 13s. 1O·08d. 

Taking now the case of mixing the rich and the ordinary slimes 
and treating the two together as one product in the same plant, 
we would have a slimes of the value of 4~ dwt. of gold per ton. 

If these slimes are treated by the standard two-wash method, we 
()btain the following :-

Extraction of total gold, 84·67 per cent 
Working costs 

Profits 

Per Ton. 
= 190·51d. 

30·00d. 

160·51d. 
= 13s. 4·51d. 

If slimes are treated by the three-wash method, ratio of solution 
to slimes 3! :- 1, and first wash only precipitated, we obtain-

Extraction of total gold, 88·91 per cent. 
Working costs 

Profits 

Extra interest and depreciation over two-wash 
process 

Difference 

Per Ton. 
=200·05d. 

30·85d. 

169·20d. 
= 14s. 1·20d. 

Os. 2·72d. 

13s. 10·48d. 

The three"wash process would, therefore, give about 6d. per ton 
more profit than the standard two-wash process. 

Further, also, it is evident that it would be better on theoretical 
grounds to mix the rich and the ordinary slimes before treatment, 
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and deal with ,them as one product', because the extraction would 
be slightly better,'and certainly on practical grounds of convenience, 
simplicity in handling, and supervision, this method is obviously to 
be strongly recommended. It also seems evident that the mixed 
slimes would be most advantageously treated by the three-wash in 
preference to the two-wash method. 

The author, having thus indicated how the tables may be used, 
will now leave it to those interested in the problem of slimes 
treatment to apply them to specific cases with which they may 

- have to deal. 
It may be well, however, to include one other point which may 

be useful to any who wish to make use of the mathematical 
analyses of this problem. All slimes are not alike in the solubility 
of their contained gold, and if some percentage other than 92 per 
cent. of the gold is soluble, the extraction may be found as 
follows ;-

In the formuloo 011 percentage extractions of soluble gold, 
substitute for 92 per cent. the new percentage of solubility. 

For example-
In the standard two-wash process we find that the percentage 

extraction of soluble gold is 

93'343 _ 5'346 
O'92V 

therefore, for 85 per cent. of soluble gold the percentage extraction 
of soluble gold will be 

93'343 _ 5'346 
O'85V 

and the percentage extraction of total gold will be found by 
multiplying the first part of the equation by the fraction represent
ing the solubility of the gold, and substituting this fraction for the 
92 per cent. equivalent in the second part of the equations, thus-

( 93'343 x~) _ 5'346 = "'9'34') _ 6'29 
100 O'85V { ., V 

and so for any other case. 

SUMlIIARY AND CONCLUSIONS 

1. For the treatment of low-grade slimes the process at present 
in vogue on the Rand is very satisfactory in its results. Improve
ments may be, and are being made, in the design of plant and 
machinery which will reduce the working costs, but these do not 
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558 E. J. Laschinger,' Slimes Treatment [APR. 1904 

effect the fundamental principles" involved. By means of the 
standard process an extraction of over 90 per cent. of the soluble 
gold in a 2 dwt. slimes is possible. The working costs may easily 
be reduced to below two shillings per ton treated in a large plant, 
.and the interest and depreciation charges may be less than one 
shilling per ton of slimes treated (interest being taken at 4 per 
~ent. and depreciation of plant at 9 per cent per annum). 

2. In treating slimes by the method of settlement and decanta
tion, the best economic ratio for the washes is about 3t tons of 
~yanide solution per ton of dry slimes. 

3. There is no gain in giving more than two washes to slimes 
containing only 2 dwt. of gold per ton. 

4. For slimes containing 4 dwts. or more, of gold per ton, the 
method of giving three washes instead of two is probably best. 

5. An extraction of 9S'3 per cent. of the soluble gold in 20 dwt. 
slimes is possible when employing three washes of a ratio of 
solution to dry slimes of 3t: 1, and precipitating the first two 
washes. This is a very high extraction, comparable with that 
obtained in the best filter press work, and at a cost much lower 
than that of filter pressing. 

6. In the treatment of slimes by the settlement and decantation 
method, it is highly important to allow the slimes to settle 
thoroughly, and to decant off the solutions from the slimes after 
settlement as completely as possible, because the extraction falls oft· 
rapidly as settlement and decantation become less thorough. 

7. It is very essential to dissolve as much as possible of the gold 
before the ·first settlement and decantation. 

S. The precipitation of the gold from more than one wash is not 
economical except for very rich slimes-say, slimes r,ontaining 12 
dwts., or more, of gold per ton. 

9. If the rich pyritic particles are partly or wholly reduced to 
slimes, it is advisable to mix this with the ordinary slimes and 
treat the whole together ratheL.than to treat the rich slimes 
separately. The total extraction is higher, the convenience in 
working and supervision greater, and total working expenses and 
capital outlay less-all in favour of the combined treatment. 

10. The finer grinding of the coarser and pyritic particles should 
prove advantageous. To what degree the re-grinding of this coarse 
and pyritic product should be carried still remains to be determined, 
though it is probable that only part of it will be slimed and the 
rest reduced to a fine sand and treated by leaching with the 
ordinary sands. 
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11. By using the standard method of slimes treatment as 
practised on the Rand, it may be possible, with a large plant well 
designed, to pay for interest on capital and depreciation aud 
maintenance, and make a small profit on even 1 dwt. slimes. 
Beyond this limit the indirect advantages only of a slimes plant can 
justify its existence. 

In presenting the foregoing remarks and calculations, the author 
feels that if anything has been brought forward which will in any 
degree assist the mining industry, or help to set some one else on a 
right track to that end, he has not written in vain. The author 
wishes further to express his indebtedness to those who have helped 
him in his work, particularly to Mr W. A. Caldecott, who has very 
kindly given data and valuable advice, without which this paper 
would probably never have been submitted. 

The President-I am quite sure after the hearty manner in 
which you have received this paper, you are of the same opinion as 
I am, namely, that a hearty vote of thanks is due to Mr. Laschinger 
for the very complete paper he has laid before us. We have rather 
a lot of business on hand and I am afraid I cannot say as much 
about it as I should like, but there is one point I should like to 
mention, and that is, that inasmuch as the decantation process and 
slimes treatment is a metallurgical process peculiar on the Rand, 
it is only right in the fitness of things that the paper should 
emanate from this Society. I should like to congratulate Mr 
Laschinger on the complete manner with which he has treated his 
subject, and I feel quite sure the paper will be read with great 
interest throughout the whole metallurgical world. 

DISCUSSION AT MAY MEETING, 1904 

Mr H. A. White (contributed)-The treatment of this subject, 
from a mathematical point of view, has resulted in a mass of very 
handy statistics, which will be of great use to those members of 
this Society who are interested in slimes works. The author un
doubtedly deserves our thanks for his unsparing use of the calculat
ing machine. The few criticisms I have to offer are therefore 
directed in no carping spirit, but merely with a desire to increase 
the value of the paper. In the first place, I would suggest that the 
expression of the results in terms of the "soluble gold" would be 
better omitt.ed. They are readily calculated by simple means 
from the "total gold" figures, and their omission would avoid a 
source of confusion. 
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Most of the figures assumed in this paper agree fairly well with 
average practice, though it is surely probable that percentage of 
"soluble gold" would increase with increase of total gold value. 
The author, however, assumes that percentage is constant from 1 
to 20 dwts. This leaves l'GO d wts. as insoluble, or, rather, in
accessible gold, on 20 dwts. material, and if this were correct it 
would scarcely pay to re-grind concentrates to a slime for treatment 
with cyanide. 

The 3~-ton wash certainly appears to be the best from the arith
metical point of view, and this is now most frequently adopted on 
the Rand. 

The 45 per cent. moisture, after decantation, may no doubt be 
obtained on some few plants, but there are surely a greater number 
of plants where a 50 per cent. moisture (average throughout treat
ment) is much nearer the mark. 

The 45 per cent. moisture figures show on 2 dwt. slimes an 
extraction of 83 per cent. where the 50 per cent. moisture 
only allows 79 per cent., which appears to be more like the figures 
actually obtained. As this is the point where Mr Laschinger's 
paper closely concerns us, I would like to enlarge further on the 
results shown for 2 to 3 dwt. slimes. 

First, it will probably be admitted that (1) as working costs on 
these fields have still a downward tendency and (2) that the pro
portion of "fixed" costs is very high in slightly diverse methods of 
treatment; it will follow that it is advisable to push extraction up 
to the extreme limit of financial efficiency. 

Moreover, there are still a few plants working under full capacity 
and what follows will apply to them even more favourably. 

Even on the basis of 45 per cent. moisture, the author shows a 
slight advantage on treating 2 dwt. slimes with three washes instead 
of two, and with 3 dwt. slimes a further gain of profit would 
be shown. Now, if it is found on any plant that 50 per cent. or 
even slightly higher, of moisture is the best to be obtained under 
the fixed conditions, it will be clear that three washes will give 
slightly more than 2d. extra profit with 2 dwt. slimes, increasing to 
nearly 5d., as the slimes rise to 3 dwts. in value. Seeing that in 
practice it is by no means unusual for settlement to be occasionally 
very bad, I think that it is now shown that the best results will 
probably be secured by giving three washes of 3 to 3t tons each, 
instead of two, .as is generally don,e 'on the Witwatersrand 
mmes. 
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DISCUSSION AT SEPTEMBER MEETING, 1904 

Mr E. J. Laschinger-I am really very much disappointed that 
more reference ·has not been made to my remarks. Mr J. R. 
·Williams told me privately that he could not find much to discuss, 
but I left an opening ill my paper when it came to the question of 
costs. Therefore, I should like an opportunity to be given to 
some one else to criticise the working costs. My object, to a great 
extent, in writing the paper was to learn. . 

Mr J. R. Williams-Mr Laschinger has evidently singled me out 
as the only member present this evening on this particular question. 
Mr Laschinger makes two and two equal four. He has waited for 
practice and, having got practical knowledge, has given a theory to 
prove why the practice should be used. As to costs, I have already 
made a statement how that the work of every scientist in the 
world to·day should be, not to get the maximum extraction but to 
get the maximum profit. I take it we are here for the highest 
possible profit, and that is my only reason for not accepting Mr 
Laschinger's challenge. With regard to the various curves, there 
is nothing in Mr Laschillger's figures which is not absolutely borne 
out by Rand practice, and I trust that Mr Laschinger will be able 
to give us more. 

Mr E. H. Johnson-There is only one thing I can say about Mr 
Laschinger's paper: it does not give us anything to criticise. As 
regards costs, that is a variable quantity. It is difficult to say 
what the costs should be under perfect conditions, and I think his 
estimate of costs is somewhat high. As far as his extraction is 
concerned, Rand practice is absolutely confirmed. 

The Chairman (Mr W. Cullen)-I think most of us felt when Mr 
Laschinger's paper was read that it was a view of the subject which 
had never come before us in the same light. Its very novelty has 
perhaps debarred discussion. I do not suppose there are any 
scientific results which cannot be reduced mathematically to the 
form of equations. Mr Laschinger's paper must have involved an 
immense amount of work, and his mathematical exposition of the 
subject must have appealed to many of our members. I should 
just like to endorse the remarks made by both Mr Williams and 
:NIr Johnson. 

REPLY TO DISCUSSION AT OCTOBER MEETING, 1904 

Mr E. J. Laschinger-Mr H. A. White remarks on the 
assumption of solubility of only 92 per cent. on 20 dwts. slimes 

2N 
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as assumed in tables. I gave on p. 557 the formulre for correct
ing the results for any other degree of solubility than that 
assumed. 

With reference to Mr White's remarks on the advisability of 
using three washes when treating 3 dwt. slimes with 50 per cent. 
moisture after decantation instead of two washes, I can only say 
that we are treating of very close differences. Since costs of slimes 
plants are even now considered very high, it is a very practical 
point to settle whether it would be advisable for, say, a slimes plant 
of 8000 tons per month capacity to spend £8000 more in order to 
give three washes rather than two, when the difference in total 
profit reduces itself to a debatable ld. to 2d. per ton. 

Mr J. R Williams agrees with my figures and conclusions 
almost too readily, and says in effect that there is nothing left 
to criticise. I suppose, therefore, that Mr Williams also agrees 
with conclusion No. 9 of original paper, which says that if the 
concentrates are wholly or partly reduced to slimes, which may, 
perhaps, be of a value of 12 dwt., it will be advisable to mix 
these slimes with the ordinary rather than treat them separately. 
When writing that paragraph I was afraid there might be a 
metallurgical fly in that ointment. I suppose that fly may be 
discovered shortly, when and if we obtain these rich slimes when 
re-grinding with tube mills. 

Mr E. H. Johnson says that my costs are high, and this I readily 
admit, but right here I wish to emphasise the necessity of having 
ample vat capacity in a slimes plant if good results are to be 
obtained. This means a comparatively high capital expenditure, 
and in giving my figures on capital required, I have purpos~ly 

given figures a little on the high side, as in a case of the kind con
sidered it is the best to let the investor know the outside figure, 
to avoid subsequent disappointment. 

Mr J. R. Williams-Mr President, with your kind permission I 
would like to make a few remarks, though I do not want to criticise 
the paper. Mr Laschinger has alluded to the tube mills. Concen
trates ground in the tube mills still adhere strongly to the amalga
mated copper plates, therefore a shaking motion is imperative. 
The pulp from the tube mills passes into the sands collecting vats, 
from which the slimes overflow and whilst fine grinding experiments 
were proceeding the total extraction /by cyaniding was much 
improved. I have never been afraid of ,an increase in the percentage 
of slimes, and whether these are worth 2 dwts. or 50 dwts., I am 
certain that Mr Laschinger's figures are borne out in practice. 
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The President-Although Mr Laschinger has already given us 
his reply, I feel sure we all appreciate the further information Mr 
Williams has brought to our notice. As regards Mr Laschinger's 
paper, I personally happen to know the great amount of trouble and 
care it,s preparation has involved, and although there has not been 
much discussion, we can consider that a tribute to the accuracy of 
Mr Laschinger's conclusions. 
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XXII 

A.N INDUSTRIAL METHOD FOR -THE DETERMINATION 
OF THE OXYGEN IN WORKING CYANIDE SOLUTIONS 

By PROFESSOR A. PRISTER (MEMBER) 

(Read at the April Meeting, 1904) 

THE interest of our Society in the necessity for a simple process 
for the determination of the oxygen in working cyanide solutions 
is demonstrated by the fact that Mr Bettel and Mr Crosse have 
already brought two different methods before you. 

The method I am describing does not pretend to be a new one, 
but is simply the adaptation and modification of old and well
known facts to the peculiar case of our·working conditions. 

P1'inciples oj the l11ethod.-In cyanide solutions a certain quantity 
of air is held in solution, but the -oxygen and nitrogen are in 
different proportions. In ordinary water, Bunsen examined this 
proportion and found :-

Oxygen. 
Nitrogen 

39'91 
60'09 

100'00 

The composition of the air absorbed by our working solutions 
will evidently vary (1) with the strength of free cyanide, etc., (2) 
with the quantity of oxygen that has been used up by the 
different chemical reactions. If my method be found useful for 
practical working, we soon shall have statistics similar to that for 
the free cyanide, indicating the minimum quantity of free oxygen 
that a good working cyanide solution should contain. 

If we take a measured quantity of cyanide solution and boil it 
for a few minutes, all the air is given off, and can be collected in 
a graduated burette. By shaking this air with a solution of 
pyrogallic acid in caustic soda or potash, the oxygen is absorbed 
and the nitrogen remains. The oxygen is given by the difference 
of the two volumes. In comparing the elifferent volumes of gas 
obtained at different times, we must reduce them to O· Cent., 
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and 760 mm. barometric pressure. 'In order to save the time 
required by such a procedure, we give a method in which, by 
simple manual operations, the measured gas volume is reduced to 
0° Cent., and 760 mm., and can be calculated into weight in mgm. 
if wanted. 

For collecting and measuring the gas evolved by boiling the 
cyanide solution, we propose to use the well-known Lunge's 
nitrometer, which, in its simplest form, consists of a graduated 
measuring tube fitted at the top with a three-way stop-cock, and 
a glass cup or funnel (c); the graduation extends frum the tap 
downwards to 50 c.c. usually, and is divided into ]'0 c.c. The 
plain tube, known as the "pressure or level tube," is of about the 
same size as the burette, and is connected with the latter by means 
of stout elastic tubing bound securely with wire. Both tubcs are 
held in clamps on a stand, and it is advisable to fix the burette 
itself into a strong spring clamp, so that it may be removed and 
replaced quickly. 

A flask (A) is completely filled with the cyanide solution; an 
india-rubber plug with a capillary tube (a) passing through it, is 
inserted in the flask, and the tube is thereby completely filled with 
solution. The capacity of the flask is measured once for all. We 
may also weigh the solution when the percentage of the gases is 
required by weight. 

The end of the capillary tube is connected to the sille tube of 
the nitrometer (b). The nitrometer is then completely filled with 
mercury, and, by turning the tap, the flask and measuring tube of 
the nitrometcr are quickly placed in connection, ayoiding the 
introduction of the slightest trace of air. 

The cyanide solution in the flask is then slowly heated to 
boiling. As well as the dissolved gases, some water collects in the 
measuring tube of the nitrometer. The pressure tube (N) of thc 
nitrometer should be lowered in order that the boiling may take 
place under reduced pressure. After boiling for 5 or 10 minutes, 
say, until about 10 C.c. of water have distilled oyer (when we take 
'200 C.c. of solution), the stop-cock is quickly turned through IS0°, 
so that the flask is placed in connection with the cup (c) containing 
mercury, and the flame removed. It is not possible for any loss of 
gas to take place at the moment of turning the cock, since the 
;mercury stands lower in the pressure tube (N) than in the burette 
(M), or through the mercury cup, since the pressure is inward. 

When the whole of the gas is collected in the nitrometer it is 
left to cool down till it has assumed the ~emperature of the room. 
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Now, to bring these gases to the barometric pressure existing at 
that moment in the room, we introduce a few drops of water into 
the cup (which has been closed by turning the cock so that the 
burette as well as the cup are closed); the burette is raised so 
that the pressure is inwards; by carefully opening the cock an~ 
lowering and raising the burette till we see that the drop in the 
cup does not move neither out nor inwards, the gases in the 
burette are brought to the existing barometric pressure. We then 
read the volume VI = (xN2 + 0.2), VI is the mixture of nitrogen 
and oxygen existing in our cyanide solution. 

Absorption of the o.l;ygen. - For absorbing the oxygen we 
introduce into the burette about 2 C.c. of a strong solution of 
pyrogallate of potassium. 

This solution is prepared by dissolving 5 grm. of "pyrogallic 
acid" in 100 C.c. of a 5 per cent. solution of caustic potash. 

We bring also about 2 or more c.c. of this solution into the cup 
of. our nitrometer, and by lowering the pressure tube and carefully 
opening the upper cock, the solution is drawn in. The cock is 
then closed, and the gases shaken for a few moments with the 
solution. Leave the nitrometer alone for a few seconds that the 
gases may assume the temperature of the room, and then take a 
reading as described. This second reading, V 2 = xN2 gives the 
volume of the gases minus the oxygen. The difference between 
the first reading and the second represents the oxygen expelled 
from our solution. 

As the water which distilled over on boiling the cyanide 
solution, and also the pyrogallic solution, may absorb a small 
quantity of nitrogen, we can use the precaution of always bringing 
this quantity to a certain volume, say, ] 5 to 20 C.c., by the 
addition of a small quantity of distilled water through the cup 
before we start shaking the gases with pyrogallic acid. This 
absorption will be a constant, and may be neglected, but for exact 
work it can be calculated from a table of the solubility of nitrogen 
in water at ordinary temperatures and pressures, and this quantity 
added to the measured nitrogen and deduced from the quantity 
calculated as oxygen. But, as I have said, this quantity is so 
small that for practical working we can neglect it .. 

If the comparison of the gas-volume could be done at different 
pressures and temperatures the analysis would now be ended; 
but as this is impossible, we must reduce the measured gas volume 
to 0° Cent. and 760 mm. pressure.' For this we employ Prof. 
Japp's "gravivolumeter.': 
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ILLUSTRATING "AN INDUSTRIAL METHOD FOR THE DETERMINATION OF OXYGEN 
IN WORKING CYANIDE SOLUTIONS." By PRO],'. A. PmSTER. 
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We do not transfer the gases obtained from the cyanide solution 
to the gravivolumeter for their reduction to 0° Cent. and 760 mm., 
but we work with air taken from the room. 

The" gravivolumeter " of Japp, which you will find described in 
Sutton's "Volumetric Analysis," page 619, is a modification of 
Lunge's gas-volume tel'. By this apparatus any required single gas 
may, without observation of temperature or pressure, and without 
calculation, be measured under such conditions that each c.c. 
represents a mg. of the gas at 760 mm. and 0° Cent. The" gravi
volumeter" consists of two gas burettes; (a) is the gas measuring 
tube, the other (b), which has also only a single tap, performs the 
function of the "regulator," and may be termed the "regulator 
tube." . Both tubes are moistened internally with a drop of water, 
in order that the gases they contain may be saturated with the 
aqueous vapour, and both are connected by means of stout, flexible 
tubing, and a T piece, with a movable reservoir of mercury. The 
25 c.c. division of the" regulator tube" is taken as the starting 
point in calculating what may be termed the "gravivolumetric" 
value of the different gases (in our case-air). 

Thus in the case of air it is necessary to calculate to what 
. volume 25 C.c. of standard dry air must be brought in order that 
1 C.c. will correspond with 1 mg. of the gas; that is to say, as 
25 C.c. of standard dry air weigh 0'001293 x 25 = 0'0323 gm., 
therefore, these 32'3 mg. must be brought to the volume of 
32'3 c.c. The division 32'3 on the regulator is marked (a). 

The volume which 25 C.c. of standard dry air would occupy if 
measured moist at the observed .temperature and pressure is 
represented by the formula-

V 0 is the volume of the gas saturated with moisture at 760 mm. 
pressure and 0° Cent. 

V is the volume of the gas read at the actual barometric pressure 
saturated with moisture at the temperature to. 

b is the barometric pressure at the moment of the reading. 
f it:) the tension of the aqueous vapour in mm. mercury at the 

temperature to. 
to is the temperature of the room. 
In our case, which may serve as typical for all the laboratories 

of the Rand, we calculate the mark for 25 C.c. of air in 
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our regulator at the temperature of 20° Cent and 620 mm. 
pressure .. 

V 32'3 x 273(620 - 17'396) - ')3'8 
0- - ~ C.c. 

(273 + 20)760 . 

Those 32'3 C.c. of air are therefore reduced to 23'8 c.c., and this 
point is our zero on the regulator. 

We open the cock of the regulator, and by lowering the mercury' 
in the reservoir, we take in the regulator 32'3 C.c of air; then we 
close the regulator once for all. The instrument is now ready for 
use. 

Suppose we have collected in the measuring burette of the 
nitrometer a certain quantity Vi c.c. 'Ve take the same volume of 
air in the measuring tube of our "gravivolumeter" by raising or 
lowering the mercury reservoir and opening its cock. (Do not 
touch the" regulator.") 

When the air is in, the cock of the measuring tube is closed; the 
mercury reservoir is now raised or lowered till the mercury in the 
regulator stands at 23'8 C.c. Now the gas burette and the regulator 
are raised and lowered until the mercury stands at the same level 
in both. Under these circumstances each c.c. of gas in the 
measuring tube represents I mg. of air. For since 25 C.c. of 
standard dry air have been made to occupy the volume of 32'3 c.c., 
and since the gases in the two tubes are under the same conditions 
as regards temperature, pressure and saturation with aqueous 
vapour, therefore, in the measuring tube every 25 C.c. of standard 
dry air is made to occupy the volume of 32'3 C.c. But 25 C.c. of 
standard dry air weigh, as we have seen, 32'3 mg., so that the 
problem is solved, and the cubic centimeter and the tenths of cubic 
centimeters gives directly the weight of the gas in mg. and tenth 
of mg. 

If our working cyanide solution has been measured instead of 
weighed, the c.c. given by gravivolumeter represent the c.c. of gas 
reduced to 0° Cent. and 760 mID. pressure. 

It is evident that the first reading taken of the nitrometer as well 
as of the gravivolumeter represents the nitrogen plus oxygen. 
The second reading, after the oxygen has been absorbed, represents 
the nitrogen. From the difference of the two we have the volume 
of oxygen. If we want the weight of the n}trogen or of the oxygen, 
we must calculate for each of those gase.s· our zero in the regulator 
with the formula given above. In this way, the transfer from one 
nitrometer to another is rendered unnecessary. As the transfer from 
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APR. 1904] Simplified Method of Air Analysis 569 

one nitrometer to another is certainly an operation which requires a 
certain degree of skill, you can be certain that only few can transfer 
8 C.c. of gas (quantity given off from about 500 C.c. of solution) 
through 4 nitrometers without loss, as suggested by Mr Bettel, and 
even the working as described requires all the attention of the 
average man. 

I must candidly admit that if the operation with the nitrometer 
is not carried out with all attention, and preserving always the 
same experimental conditions, the results obtain~d may differ from 
each other, because the quantities of gases operated upon are so 
small. 

As not every mine has a nitrometer, we propose another 
apparatus, based on similar principles. 

The Ai?' Collect01·.-W e take a Rammelsberg burette and fix it 
with the cock (d) ~pwards on a flask of about 500 c.c. capacity. 
Two glass pipes are fixed on the burette. One, the central, is 
passed through the stopper of the flask. Its upper end penetrates 
upwards for about two inches into the burette itself. The second 
glass tube is fixed on the side of the burette and is connected by 
an india-rubber pipe with a small water reservoir, "the regulator" 
{r). This regulator serves for filling the burette with water, as 
well as for receiving the excess of water during the subsequent 
boiling of the solution. The top end of the burette is connected 
by a small piece of india-rubber and a capillary glass tube, with a 
U-tube filled with pyrogallate of potassium. On the second branch 
Df the U-tube is fixed a small glass tube for receiving the excess of 
pyrogallate of potassium when the first branch is filled with gas. 
This first branch of the U-tube contains also small pieces of glass 
Dr beads, for increasing its absorbing capacity. 

Working of the Apparatus.-The water regulator is lowered so 
that the water level in the burette is at the line (2-3); the upper 
end of the glass tube fixed on the flask. The flask (a), the capacity 
of which is known, is filled with the cyanide solution to be tested. 
Then, by pressing the stopper in the flask, the excess of solution 
will rise in the tube, and a few drops will overflow into the burette. 
N ow the burette is filled with water, by opening the upper cock 
and raising the regulator till the water overflows from the small 
·piece of india-rubber pipe on the top of the burette. The U-tube 
with the pyrogallic acid is not yet fixed on the top of the burette. 
This is done when the boiling and first measuring of the gases 
,collected in the burette is over. The cock at the top is now closed, 
the water regulator lowered and the solution gradually heated to 
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boiling point. All the air will collect on the top of the burette ~ 
the heating is continued until we feel that the water in the burette 
also is warm, so we are sure that the air eventually absorbed by 
this water has been also expelled. A very small flame is sufficient. 
The excess of water escaping from the burette will collect in the, 
water regulator. After about 25 minutes, the flame is taken away 
and the apparatus allowed to cool dowri to room temperature. 

When cool, we measure the gases in the burette by raising the· 
regulator to the same level as the water in the burette. This first 
reading gives us the oxygen and the nitrogen. (The upper end of 
the burette has been previously calibrated and is added to the 
volume of gas read.) 

NolV we put on the top of the burette the U-tube for absorbing. 
the oxygen. By pressing the tube (G) in a stopper on the second 
branch of the U-tube, we can fill easily the capillary tube with, 
pyrogallate of potassium, so that no tra.ces of air can be mixed with 
the gases collected in our burette by transferring them to the. 
absorber. 

For transferring the gases to the absorber we raise the regulator' 
(R), open cautiously the upper cock of the burette, when, by lower
ing the reservoir, the gases are brought back. This operation is. 
repeated several times until two consecutive measurements of the· 
remaining gases do not differ from each othr.r. The gas can also be 
brought into the U-tube and left there for a moment by closing the 
top-cock of the burette. This second reading, made in the same, 
manner as described, gives us the nitrogen; the difference from the· 
first reading is the oxygen. VV' e neglect the small quantities of 
ammonia or prussic acid which may be evolved from the solutions. 
If it is desirable to estimate these also, you have only to pass the 
air through U-tubes filled with (1) caustic soda, (2) sulphuric acid 
before it is passed through the U-tube with pyrogallic acid. 

I think that this second method has some advantages as against 
the nitrometer, as (1) the reading is easier, (2) larger quantities of 
solution can be taken, (3) no air can remain in the water distilling 
over with the air in the gas burette. 

For reducing the gas volume to 0° Oent. and 760 mm., the gravi
volumeter of J app can be used as above described. 

For preserving the pyrogallic acid, close the two ends of the U
tu be and keep it in the dark. 

I should mention that the method proposed does not pretend to 
be a mathematically exact one, but I hope that it will prove reliable 
enough for controlling our working cyanide solutions. 
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A simpler air collector as described can be made with an ordinary 

burette. Turn it upside down alld fix at the bottom a caoutchouc
stopper with two holes. Pass through one hole a small piece of 
glass tube, through the other a similar piece of glass tube bent at right 
angles. Connect the regulator with this tube, and the glass flask 
containing the cyanide solution with the other. Work with this 
apparatus in the same manner as described: 

I will give the results of two experiments. Experiment No.1 
was made witlj the air collector made with a Rammelsberg burette, 
and No.2 was made with an ordinary burette of 50 c.c. capacity, 
to which the glass tubes were fixed as described. 

TEST No.1 

Solution: Head of strong boxes. 
Barometer, 627 mm.; thermometer, 21 0 Cent. 
The gravivolumeter was used for reducing the volumes to 00 Cent.,. 

760 mm. 
Quantity of solution tested, 640 C.c. 

Reduced. Oalcuiated. 
Nitrogen plus oxygen 12'8 C.c. 9'3 C.c. 9'40 c.c. 
Nitrogen 9'6 " 7'0 " 7'09 " 
Oxygen 3'2 " 2'3 " 2'31" 

Composition of the air expelled from the solution :-

Reduced. 
Nitrogen read on the burette 75 C.c. 75'27 c.c. 
Oxygen " " 25 " 24'73 " 

Quantity of oxygen dissolved in the cyanide solution (neglecting 
all the corrections) 0'50 per cent.; calculated after reduction 0'35 
per cent. 

TEST No.2 

Solution: Head of strong boxes. 
Barometer, 627 mm.; thermometer, 21 0 Cent. 
Quantity of solution tested, 300 C.c. 

Nitrogen plus oxygen 6'5 c.c. 
Nitrogen 4'9 " 
Oxygen 1'6 " 

Reduced. Oalculated. 

4'75 C.c. 4'80 c.c. 
3'60" 3'66 " 
1'15" 1'14 " 
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572 Prister: Oxygen in Cyanide Solutions [APR. 1904 

Composition of the air expelled from the CJ anide solution:-

Nitrogen as read at the air collector 

Oxygen " " " 

Reduced. Oalculated. 
75'39 c.c. 75'79 c.c. 
24'61 " 24'21 " 

100'00 " 100'00 " 

Oxygen dissolved in the cyanide solution in per cent. : 
Calculated from the direct reading on the" air collector," 0'533. 
Calculated after the reduction to 0° Cent. and 760 mm., 0'383. 

Precautions to be Observed.-The quantity of solution to be taken 
must be at least 300 c.c.; by working on larger quantities the results 
will be more exact. 

For shortening the time necessary in cooling down the solution 
it is advisable to insert a small cock between the flask and the 
burette, so the flask can be removed after the boiling is over. 

Flasks with round bottoms are preferable to flat bottomed. 
Fill the regulator, with boiled water, so that no air shall be evolved 
from it. The pyrogallic acid solution should be made in small 
quantities, in order to have it fresh. In conclusion, 1 would point 
out that from the above-mentioned experiments we see that the 
method can be made to give results which, for practical working, 
can be relied upon, and may serve as a guide to the intelligent 
cyanider, and as such I present the subject for discussion to the 
Society. 

The President-I think that members of the Society are very 
fortunate in having such an able paper placed before them, and I 
mnst ask you to pass a very hearty vote of thanks to Professor 
-Prister for the paper he has read. I regret that time does not 
allow me to say very much about this paper, but I should like to 
mention that the value of the process he has demonstrated before 
us is shown by the fact that on a former occasion the Society con
ferred a gold medal upon one of our late Presidents for evolving a 
similar process. I should like to congratulate Professor Prister 
upon the ingenuity he has shown in evolving a process so simple as 
-compared with former methods, and to ask those of yon interested 
in the subject to try some experiments yourselves to demonstrate 
its practicability and bring the results before the Society on another 
.()ccasion. 
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DISCUSSION AT MAY MEETING 1904 

Mr H. A. White-The process recommended by Prof. Prister, 
if available for the purpose, is, I think, susceptible of a still further 
simplification. I would suggest that a simple apparatus for boiling 
about 2000 C.c. of solution and collecting the air escaping in an 
inverted burette (the upper part between the" 50" and the top 
having had its volume determined) would be sufficient for technical 
purposes. 

When the air had been collected and cooled to the temperature 
of the surroundings, the 'volume could be taken after adjusting 
mercury to same level inside and outside the tube. The oxygen 
CQuld then be determined and the proportion existing between this 
and the nitrogen could readily be made use of to determine the 
relative efficiency of various solutions. 

By this means all the manipulation of transferring the gas and 
the reduction to N. T. P. would be entirely avoided, and the only 
apparatus necessary could be rigged up in any cyanide works where 
such a determination is desired. 

It may, perhaps, be suggested that the importance of estimating 
the oxygen in working solutions has been much over-estimated, as 
it is highly probable that the supply naturally procured in course 
of treatment is quite adequate in, by far, the greater number of 
instances on these fields. 

DISCUSSION AT JULY MEETING, 1904 

Mr G. W. Williams-There are one or two questions I would 
like to ask. First, how he accounts for the fact that when one 
boils perfectly pure solutions of distilled water and cyanide, you 
get a considerable quantity of carbonate 1 Where does the oxygen 
in that carbonate come from, unless some of it comes from the 
oxygen already present in the water? I must admit I have had no 
time to check Prof. Prister's method against that published by 
Mr Crosse, but from experiments I have done in regard to decom
position with boiling solutions of cyanide, I feel convinced that 
quite a large percentage of the oxygen in water must be taken up 
by the cyanide. 

In a paper read some time ago, which I saw in the annals of the 
Society, I noticed it was stated that the results obtained by a 
method in many respects similar to the one described by Prof. 
Prister, showed that the ratio of oxygen to nitrogen obtained on 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



574 Prister: Oxygen in Cyanide Solutions [OCT. 1904 

boiling was different to the ratio given by Roscoe as the result of 
his work. 

Prof. A. Prister-If I understand Mr G. W. Williams correctly, 
he considers that the exactness of my "Industrial Method for 
Determining the Oxygen in Working Cyanide Solutions" may be 
influenced by secondary reactions, which OCCllr when the solution 
is boiled for evolving the absorbed air. I am sorry to hear that 
Mr G. W. 'Williams has not actually tested my method and com
pared it with any other. As far as I know, no secondary reactions 
will occur between the constituents of the cyanide solutions and 
the oxygen in solution. Therefore I do not think that the ex
actitude of the method is impaired. The method is put forward as 
one for controlling the daily work of cyanide works, and as far as 
my experience goes it is exact to 0'1 per cent. of oxygen. 

REPLY TO DISCUSSION READ AT OCTOBER MEETING, 1904 

Prof. A. Prister-As determination of the oxygen in working 
cyanide solutions is not a necessity of daily occurrence, I am not 
surprised that my paper did not arouse much discussion. 

Although it is generally assumed that sufficient oxygen is present 
in our working solutions, yet the amount in the solutions leaving 
the boxes is very limited. My own analyses, one of which is 
published in these Proceedings indicate a 25 per cent. reduction of 
dissolved oxygen during zinc precipitation. A simple method of 
determining oxygen in solution is particularly useful during the treat
ment of accumulated slimes, and of finely ground concentrates, such 
as those leaving a tube mill. It is well recognised that the more 
one knows about the reactions taking place in chemical industries, 
the less chance there is of inexplicable difficulties . 
. Mr White's suggestion to arrive at a result by simple comparison 
of the amount of air obtainable by boiling two litres of solution was 
forestalled in my paper. 

The President-Prof. Prister's paper and reply has been of very 
great interest to our chemical and metallurgical members. When 
the cyanide process was first introduced it was considered doubtful 
whether oxygen was necessary for the solution of gold, but later we 
found it was as necessary as the cyanide itself. I have no doubt 
but that in the future such useful analytical methods will be still 
further developed. 
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XXIII 

THE MODERN THEORIES OF THE FLOW OF WATER 
AND THEIR APPLICATION IN GOLD MINING 

By PROF. H. S. HEL}j; SHAW, LL.D., F.R.S., M.LC.E. 

(Read itt the May Meeting, 1904) 

IN the processes of extracting gold from its ores the mechanical 
action of water plays a most important part. Simple as these pro
cesses may, at first sight, appear to be, and familiar as we are with 
them, they are really. of an extremely complex nature. This 
accounts for the fact that when science had evolved much concern
ing the laws relating to the movement of solid bodies, the most 
elementary propositions regarding the nature of liquid motion re
mained unknown. Even to-day hydraulics, taking the term in its 
widest sense, is, in spite of the labours of scientific and practical 
men, to a great extent an empirical subject, and up to the present 
time we have done very little more than apply the discoveries of 
Torricelli, by means of constants and data experimentally obtained 
to elementary calculations for practical problems. We are, however, 
gradually learning more about the physical action of water, and my 
object to-night is to endeavour to give an account of some recent 
researches on this subject, and to show some methods of experi
menting which enable some remarkable properties of flowing water 
to be examined and better understood. These properties are, of 
course, the same, whether we are dealing with the resistance 
of a ship, the flow through pipes, or the translation of the 
power of water into mechanical effort by means of turbines 01' 

water wheels. But, in this part of the world, we are naturally more 
directly interested in the flow of water in connection with its use in 
mining and, more particularly, ore dressing. 

From the time the ore leaves the stamps until the cyanide pro
ductions reach the precipitation boxes, water acts as a carrying 
agent, and its action, whether as it flows over the amalgamating 
plates, or in the spitzlutte and spitzkasten, or in the various forms 
of vanners, buddIes and concentrators for separating purposes, not 
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to speak of its action in filtration and through screens, or in its 
flow through pipes, sluices and launders, is a matter of prime interest 
and importance. 

The researches of Rittinger, Richards and a host of others are 
doubtless well known to most of my audience, and it is not my in
tention to attempt to give an account of, or deal with, details such 
as they have given to the mining world, even if I had the necessary 
knowledge for this purpose. The field is so wide that I might 
occupy far more time than is at our disposal to-night with certain 
general properties of flowing water, as considered from the gold 
mining point of view. 

In the first place, let us consider what it is that makes the 
subject so difficult. It will be immediately obvious that it is because 
the individual particles of water are so small as to be absolutely 
invisible, even under the most powerful microscope. It is possible 
to form some idea of the probable dimensions of these ultimate 
particles by methods such as the measurement of thickness of a soap 
bubble or of Newton's rings, obtained by pressing the convex 
surface of glass upon a flat one, but a mere statement of the size of 
a particle does not really convey to us any impression of its 
diminutive proportions, consequently of the number of particles 
which we have to deal with when considering ~heir relative move
ments. Permit me to put the matter in a way which I have done 
on a previous occasion, by considering how long it would take to 
fill or empty a glass of water containing half a pint, supposing we 
allow the particles to enter or leave at the rate of 1,000,000 per 
second. We cannot tell, of course, the exact time, because we do 
not know exactly how many particles there are in the thickness of 
a soap bubble film, but we can say with tolerable certainty that the 
time this would take would be something between 7,000,000 and 
47,000,000 years. 

Suppose, now, that we consider in the first place the stream of 
water flowing in a parallel channel. Supposing the sides to be 
perfectly smooth, there is no reason why all these particles should 
not follow one another in perfectly straight lines. No solid sub
stance, however, is smooth; even the smoothest substance we know 
must present projections, against which the minute particles of 
water strike, and which causes a disturbance, so that instead 'of 
following each other, as in the first case" by a movement which is 
called" steady motion," they are deflected and thrown into eddies 
and whirls, so as generally to have what is termed "unsteady" or 
" sinuous" motion. Owing to the transparency of water and the 
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smallness of the particles, the unsteadiness of this motion is usually 
invisible. It is, however, possible to make this motion evident, in 
the following way. Suppose we have water flowing through a glass 
tube and in the centre of this allow a fine filament of colour to enter 
and flow with the water in the tube. As long as both the diameter 
of the tube and the velocity of the flow are small, the filament will 
not break up and the general body of water remains clear, 
but the moment a certain critical point is reached, except in 
the finest capillary tubes, the line of colour in the centre 
breaks np, showing that there is a disturbance, caused by 
even the smooth surface of glass, and that the motion, even in 
the glass tube is no longer steady, but of a vortex character which 
breaks up the colour band and so colours the previously clear 
water. 

My object to-night is to bring before you the two kinds of ways 
in which water moves, and I shall naturally commence with -the 
most usual mode in which water moves, viz., the unsteady 
motion. 

In order to follow this motion, I some time ago devised a method 
of making this visible. It is impossible to trace the actual move
ment of clear water, even when colouring matter is introduced and 
the colouring particles are once broken up and gistributed, neither is 
it possible to do so by using finely divided particles of any solid 
substance, such as fine sand. If, however, in a pipe through which 
water flows we allow a little air to enter, the fine bubbles of air
although, when they are viewed directly by the eye, shine in the 
light and do not make the movement visible-when viewed through 
by transmitted light on the screen, give us an excellent idea of what 
is going on. I now show an experiment of this character. The 
water is flowing through a parallel channel, and you see that until 
the air is admitted there is no indication of turbulent motion; 
directly, however, the air is added, you notice that the water is not 
flowing steadily, but with a very unsteady movement. I have a small 
body in the path of this channel and the behaviour of the water in 
passing it is at once obvious. You see that the water does not close 
round behind it, but leaves a space behind more or less quiescent, 
and if, instead of air bubbles, I were using sand, you will understand 
that there would be an accumulation of this matter behind the 
obstacle. There is, however, one remarkable feature in this experi
ment, to which I would call your attention, and which I will ask 
you to look for in all the experiments of this kind, namely, the 
clear border line along the edges of the channel and on the surface 
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of the obstacle itself. This shows as a dark line in all the figures 
(which are reproduced from photographs and not from negatives). 
Fig. 1 shows the impact of a jet on a flat horizontal plate and Fig. 
2 the impact of a jet on a flat, inclined plate. In both of these 
the border film is clearly shown. One thing you will realise immedi
ately, and that is that the behaviour of the water is different in 
this border line to the general character of the flow, and I may so 
far anticipate what I have to say hereafter by at once telling you 
that, although the discovery of this fact was the result of more than 
a year's experiment, the water in this thin filament is really flowing, 
not with turbulent but with steady, or what is also called" stream
line" motion. 
. Now, the reason why the water does not close round behind the 
obstacle, as we shall see later it can do ullder certain circumstances, 
is because of its inertia, and if we pass on next to the water flowing 
through an enlargement of ·the channel, you will see that this same 
property of inertia prevents its spreading out at once and filling up 
the channel. The result of this is a greatly increased turbulence, 
which accounts for a large part of the loss of energy in pipes and 
through valves, round elbows and bends. I will first show a few 
examples of photographs of the flow of water in this way, which 
will indicate at once how great this loss may be through a bad 
design of valves, as in Fig. 3, or contraction of section, as in Fig. 4, 
where the projections cause this turbulent motion: Incidentally 
I may point out that this makes clear the reason why the hinder 
portion, or stern, of a ship is so much more important than the 
stem, or bow, because, if the shape is such that the water cannot 
close in behind, the ship loses the effect that the squeezing action 
of the water closing in behind would .give to assist its forward 
movement, and there is nothing to counterbalance the displacement 
by its bow. This may be seen in Figs. 5 and 6. Nature has de
signed some of the fastest swimming fishes fairly blunt at the head 
and tapering all the way to the tall. This shows how necessary it 
is that the projecting pieces should taper away behind. In the 
special subject we are considering it emphasises what, of course, 
is familar to you, i.e., that unless such pieces are tapered there will 
be a deposit of material in the backwater formed behind the 

. obstacle. We can also see by the same method of experimenting 
how water flows round bends and cur~es, and that the main body 
of water is thrown across to the outer side of the bend, leaving 
slack plaees in which silt or suspended matter may be deposited 

round each corner. 
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I will now show an experiment in which the section corresponds 
to the spitzkasten, so familiar on these mines, the object of this 
spitzkasten being, of course, to deposit sands which have not been 
deposited with the concentrates in the spitzlutte. You will see 
from this experiment what the result will be if the water flows 
across the top of this V-shaped box. It is obvious that the 
heavier and larger particles remaining in the water will be 
deposited owing to the comparatively slack water in the apex of 
the triangle. 

So far, we have considered the effect of the change of form and 
the-effect of the obstacles in the flow of water. Let us now consider 
what the effect of the surface is over which the water flows. In 
Drder to do this, I have a circular vessel with a clear glass bottom, 
which I can rotate over the lantern. As long as there is only clear 
water in this, you see nothing of what is taking place. If I now, 
in the first place, drop in what corresponds to the slimes or lighter 
portions, which do not sink, although I am not actually using 
slimes which would obscure the water, but a light substance, the 
particles of which are visible, you will see at once that, on com
mencing to rotate the vessel, the portion near the sides begins to 
move first, and gradually as the vessel continues to rotate, the 
whole body of water is brought into motion, the central portion, 
being the furthest from the sides, being the last to rotate. If I 
now stop the vessel rotating, you will see that the water near the 
sides comes to rest first j the central portion goes on for a time, and 
-finally also comes to rest. If I now, in addition to the slimes, add 
some sands taken from the Ferreira Deep mine, you will see the 
immediate effect of commencing to rotate the vessel, the sands 
which touch the bottom are at once put in motion and, as the speed 
increases, are flung out oy centrifugal force in spite of the friction 
on the bottom, and have now disappeared. On suddenly restarting 
the rotation, however, whilst the lighter particles corresponding to 
the slimes continue in motion, the sand is at once carried back to 
the centre, where it remains at rest. 

We will proceed one step further, and add in addition the 
heaviest particles of all, or actual concentrates, which you can 
easily distinguish by the darker colour, this being a portion rich in 
pyrites. I now rotate the vessel again, and both the concentrates 
.and sands disappear when the speed is sufficiently high j but on 
.stopping the vessel, you will notice that, whilst the sands are 
carried to the centre, the concentrates are so heavy that there is 
not sufficient current to bring them to the centre, and they remain 
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separated in a ring outside the sands. Thus then we have the 
difference of the three separated substances, viz., slimes, sands and 
concentrates clearly demonstrated. You will naturally ask what is
the cause of the movement of the centre when t.he motion of the 
vessel is stopped, and I will explain ~his by referring to two familiar 
phenomena-first, the sinuosity of rivers. This sinuosity is found 
to increase until horseshoe bends are formed of sufficient magnitude,. 
as shown in the lantern diagram, and the speed is so small that no 
further eroding action takes place. The section of the river shows 
what has really occurred: the water is slightly raised on the outer 
side-owing to the friction on the bottom retarding the flow-the 
particles find themselves carried across, and there is continual 
circulation bringing the material from the outer bend and depositing 
it on the inner side, making on the outer side of the bend a steep 
bank, and on the other side a shallow and alluvial deposit. But 
coming from large things to small, I present a phenomenon, which 
I would not, of course, presume to say is familiar to the ladies 
present, who would not, of course, make a practice of pouring tea 
out in their saucers, but, if they have happened by any chance to 
have done so, they would have noticed that a little heap of tea 
leaves, after stirring the tea round in the saucer, invariably collects 
in the centre. This takes place as shown in the diagram for 
exactly the same reason which causes the sinuosities of rivers, 
which in a case like that of the Mississipi, have given infinite 
trouble to the greatest engineers; so that the same cause is 
really at work whether in the experiments with the concen
trates and sands, with the silt of a river, or the tea leaves in a 
saucer. 

N ow, the particular point to be borne in mind is the influence of 
the bounding surface of a vessel, because it is there that there is a 
film of water which is not behaving in the same way as the general 
body of water in motion. If you watch carefully, especially when 
a beam of sunlight is available, the flow of the pulp from the 
stamps over the amalgamating plates you will see clearly that, 
while on the surface the water and particles are moving with a 
high velocity, at the bottom the heavier particles are only moving 
along very slowly, and in this we have a point of the greatest 
interest and importance. The rippling action, which is purposely 
caused to take place, is designed to bring in contact every portion 
of the stream of pulp with the amalgamating plate beneath. In 
watching the process, one cannot help being amazed that the 
particles of gold which at that particular stage it is the object to 
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trap, are not swept bodily away, so great is the surface velocity and 
so violent the motion. As it is, practically no gold whatever 
escapes, and as far as I can see, the bulk of the gold is caught 
within a very short distance of where the stream of pulp falls on 
the plate. Mercury, of course, seizes the gold which falls upon it 
and at once alloys with it in the form of amalgam, but it is the 
slowly moving film of water which enables the contact to be 
sufficiently long for the mercury to seize upon the gold. I am told 
that it was found necessary to give this rippling action, that is, in 
other words, to intensify the turbulent motion in place of the more 
steady stream which was found to be not so effective, although, 
until we realise the action of this film on the surface, the turbulent 
motion of the ripple would appear to be most undesirable with the 
object in view. 

I have made a number of experiments which show clearly how 
little the film on the surface is really affected by a jet of water 
falling upon it, and you will see from the picture of the actual jet 
falling on surfaces of various forms from a height, how it is clearly 
evident that the film exists even under the point of impact from 
the jet. The photographs show this occurring, whether the jet is 
falling upon a free surface, such as on the hollow semi.cylinder, 
Fig. 7, or on the cylinder with roughened surface, Fig. 8. In the 
latter case the film on the rough surface is not only not broken up, 
but is thicker than in Fig. 8. In one of these cases (Fig. 9) it is 
interesting to see the actual form of the jet passing through the 
body of water itself. In these experiments I have varied the force 
of impact. You will see (Figs. 10,11 and 12), as they are shown 
on the screen, that the greater the force the nearer the jet is to 
reaching the surface, but in no case does it actually remove from 
the surface the filament of water which flows steadily over it. In 
one case, which it is impossible to show, I caused streaks of colour 
to flow from little holes in the surface itself and the impact of the 
jet upon this surface actually did not break up the colour bands 
which were caused by the liquid issuing from these holes. The 
importance of this fact in mining operations is obvious, since if 
very fine particles of heavy metal are moving on the surface, they 
cannot be washed away, except at a very slow rate by the stream 
of water. But, I hasten to at once say, that the surface itself, 
upon which they are moving, must be very smooth and the 
particles themselves very fine. If they project any distance from 
.the surface they are, of course, carried along. 

I may mention that some little time ago an engineer from 
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Oalifornia, who visited my laboratories, gave me a remarkable 
corroboration of this in the case of a very rare metal in a finely 
divided state, the existence of which he only discovered by 
encountering a very dark film on the surface' over which the 
stream of pulp was flowing with considerable velocity. 

It was the existence of this fine border line, of which I have 
now shown numerous samples, which puzzled me for a long time, 
and naturally it occurred to me to examine the effect in a very 
thin filament of liquid flowing between two plates. The picture 
on the screen shows the actual way in which the first experiments 
were made. It was necessary to have fine bands of colour, which 
were allowed to flow into a colourless sheet. The experiments 
were perfectly simple. 1 have two glass plates with a thin sheet 
of paper, in which an outline representing an obstacle was placed. 
When these colour bands were allowed to flow in the moving 
colourless stream, it was found that no matter what obstacle was 
placed in the way, no turbulent motion was possible. The bands 
of colour never mixed with the surrounding fluid, showing that 
there was absolutely no vortex or unsteady motion, and by this 
means the path of every particle in the liquid can be readily 
determined. I cannot ·do better, to illustrate the remarkable 
difference between the two kinds of flow, than by showing 
photographs side by side (Fig. 13) upon which both are shown 
conjointly. 

You will see from some of the pictures what the character of the 
stream-line motion is, and will probably compare it with the kind 
of flow which, I have shown you, takes place in the figures of 
turbulent motion. The marvellous way in which the liquid 
behaves under these circumstances is directly shown by the flow 
through a suddenly contracted orifice. I show yon a photograph 
(Fig. 14) in which turbulent flow through an orifice is given_ 
This you can compare with the photograph (Fig. 15) of sudden 
contraction in a pipe in which water was moving with stream-line 
motion. But you will understand this better by the actual 
experiment of flow which you now see taking place as projected 
upon the screen. Here the stream-line motion is so perfect that 
you cannot tell in which direction the flow is taking place, 
although the conditions which it has to obey in Fig. 15 are so 
severe, and the streams are so fine passing through small orifices 
as to be invisible, whilst they widen out again and assume their 
original shape and position. If this pipe is squeezed or jerked, 
ripples are formed which enable the direction of the motion to be 
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seen, although these ripples themselves continue without disturbing 
the parallel streams. 

N ow you will observe, looking at these photographs, such as 
Fig. 15, that where the stream is fastest the lines are finest, and 
where the lines are broadest the velocity is least. The width of 
these bands, as a matter of fact, is in exact measure ill inverse 
ratio to the velocity of the stream at every point. 'When I 
subject the flow to conditions which it is almost incredible ~ 
liquid can take without breaking up, you will see how very slowly 
the particles must be moving in the portion where the bands are 
so wide as those you are now looking at. Thus in Fig. 16 the 
behaviour of water flowing in stream-line motion round an elbow 
is seen and the low velocity at the outer corner of the bend is 
quite apparent. 

We can now apply this to the behaviour of water depositing 
sands in the spitzkasten, through which the water moves very 
slowly. You will now see on the screen the actual section of the 
spitzkasten, in which the bands in the lower portion, that is the 
apex of the box, are widest and the velocity there the least, 
although I am not prepared to say that the velocity actually 
attained results in perfect stream-line motion; still this is, doubtless, 
what would happen under the circumstances. It appears to me 
that, by using thin sheets in some particular way, it is possible to 
conceive a separation effected which would have a discrimiuating 
power far greater than that which could ever be obtained when 
only turbulent motion is employed. It is this uncertainty in the 
use of turbulent motion which, I expect, led Rittinger to remark, 
in studying the deposition of sands and concentrates: "One must, 
however, despair of obtaiuing an exact formula for irregular bodies 
in water, and must be content with approximations quite sufficient 
for ordinary work" I am inclined to think it is not so much the 
formula as the impossibility of regulated deposition which con
stitutes the real difficulty, and I fancy this also explains the 
statement in Messrs Julian and Smart's book, in which, in 
speaking of separating, they say: "Equally good results were 
often obtained with apparently crude appliances as with those 
constructed on recognised theoretical principles." , 

Here, in Johannesburg, there are a number of problems on 
stream-line motion which afford a fascinating field of research, aud 
I envy the younger members of my staff and those who follow me 
the opportunities they will have of doing work of research in a 
place where I feel research will be appreciated and valued, possibly 
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as much as anywhere in the world, and in the new laboratories of 
the Technical Institute I trust conditions will soon maiutain very 
different from those under which I have had to prepare this 
lecture. 

r am afraid I have unduly trespasseJ. on your patience, but the 
difficulties of arranging and making the experiments I have shown 
will, I hope, justify the length of time I have kept you. At any 
ratt', I feel no apology is needed for bringing the subject before 
you; it is not only one of the most far-reaching importance in your 
great industry, but, as I have tried to show you, affords one of the 
most remarkable instances of the power of the human mind as 
represented by the great mathematicians, Poinsot, Kirchoff, 
Helmholtz, Olerk Maxwell, Lord Kelvin and Sir Gabriel Stokes 
and others, who worked out a mathematical system for dealing 
with the flow of liquids, one of the most difficult branches of 
applied mathematics, and who were able to predict results such as 
I have shown you to-night. 

My object has been to bring before yon a great and fundamental 
truth, the statement of which, only a very few years ago, would 
have been received with absolute incredulity, viz. that not only 
does water flow with turbulent motion, which we can expect in a 
viscous liquid, but, under the conditions which I have demonstrated, 
it can be made to flow with stream-line motion of a perfect and 
frictionless liquid. 

I have shown that in all operations in which water is used in the 
process of gold mining, it flows with both of these movements, that 
is to say, the former in the general mass of liquid, and the latter on 
the surface or skin containing vessel or channel. 

If I have succeeded in making this matter clear to you, I shall 
be satisfied, even if I am criticised for using simple illustrations, 
without which it is not easy to grasp any idea. It would not have 
been difficult for me to make the subject a hard one; my real task, 
and a task I hope I have accomplished, lay in making it appear 
easy. 

[NOTE.-I append by request of a member of the Oouncil a 
figure (Fig 17)-together with a note-which illustrates a point to 
which I drew attention in my lecture. This relates to the width 
()f stream bands as indicating not merely}he velocity of flow at 
any point but the pressure, a matter.' of great importance in 

. hydraulics. 
It is obvious that the water must be flowing faster at the point 
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ILLUSTRATING "lIiODERN THEORIES OF THE FLOW OF WATER AND THEIR ApPLICATION 
[1' GOLD MINII'll." By PROF. H. S. HELE SHAW. 

(In all cases the water flows dOWllward •. ) 

PIG. I.-JET STRIKING.\ PLAT HORIZONTAL PLATE. 

FIG. 2.-JET STRIKING A }'UT INCLINED PLATE. 

Facin!J .p. 584.] 
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(fn all cases the water flows dow ll ward~.) 

FIG. 3.-- 'l'l'RBt:LE"'I' MilT"'" ,,, STn l' V.'Ln:. 

FIG. 4.-TuRBUL lo:Nr FLOW FRO M SUDDEN EKLAROr;~lENT. 
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(Tn all cases the water flow" rlownwill'ds.) 

F1O. 5.-EoDY Th:H1 NIl STERN 0 1.' :\:1on,r: BODl'. 

FIG . G.-LIQUID CLOSING IN I(()UND 'fArEnING S'rERN. 
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(In all cnses the water flows do\\·nwnrds.) 

FIG. 7. - JE1' L U'I:<GINU O!' OHSTACI, R : Till!' FJL~[ SIl OWl\ ( ); 8Cl 11'AC£ . 

FIG. S.-JRT IMPINGING ON RoUGH SUB FACE, S HOWI !'G FIL) [ (RATHER WIDER 
1'H,\N IN FlO. 7) WITH S'rRF. .\M LI NE MOTION, 
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(In all cases the water flows downwards.) 

F IC. 9.-.h:T 1.\11'1:<(; 1\"(; ()\" I\J\IEI',ED OHST.ICT. E. 

FIG. lO. -JET TllPJ\"Gl:<G .\T L()w VELOCJTY 0): OllST.~CLE. 
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(In nil cases the water flows downwarJs,) 

FIG, l1, - ·J ET hll'l:<GlK(I ,,'r :UODER,\TIi ,'Ewe lT\, IlX OnsT.\ cLE, 

FIG. 12,-JET hll'JXGI::-IO ,,'r H1GH VEWU'I'Y 0:0/ OOSTACLE, 
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(In all cnse:; the water /lows downwards.) 

.\ H 

Fro. 13.-COMP"R1~ON 1l,;'l'W}o;E )1 (A l STHKA ; l-J.I:oiE ~r ()TION, AND 
tB) TUllBl"f.E:>T FLOW. 

FIG. 14. - TURBLI LE XT FLOIV C~\l rs F.O BY OnIFICF.. 
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(In all cases the water flows downwards.) 

FIG. 15.-STREA),]-LINE FLOW, RE-EXTRANT CONTR_\CTION AXD ENLARGEMENT. 

FIG. 16.-STIlEAM-LINE FLOW HOUND ELBOW. 
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B than in the pipe at A and D, while at C it is flowing slower. 
The width of the stream-line bands must obviously be less at B 
than at A or D and greater at C than elsewhere. This point, about 
the relative width of bands, may be proved by referring to any 
of the photographs of stream-line figures I have given. If now 
small tubes are inserted in the pipe, and the heights to which the 
water rises are noted, the results will be as shown in the above 
Figure 17; Of course, there is a drop in the pressure at " a," owing 
to the loss of head in the water entering the pipe, and a further 
.drop at "d," owing to the friction between A and D, but whereas 
the height at " b" is less than at either "a" or "d," at "c" the 
water rises above any other point in the tubes. 

FIG. 17 

This fact, of course, is well known, but is paradoxical since it is 
a natural thing to think that the pressure would be greatest where 
the pipe is most contracted. Its bearing on many curious facts in 
the flow of liquids must not be overlooked, especially in considering 
the changes of pressure, at different points, in liquids flowing with 
steady motion.] 

The President-In proposing a hearty vote of thanks to Professor 
Hele Shaw for his most intere~ting lecture, I feel that I am voicing 
the sentiments of the ladies and -gentlemen present. The subject 
should be one worthy of close study by Rand engineers and others 
engaged in work where the problem of stream motion is a factor for 
daily consideration. Prof. Hele Shaw has promised to give the 
Society an opportunity of seeing some of the lantern views--which 
have, owing to a regrettable accident, proved a failure this evening
at an early date, together with some new experiments and fresh 
data. I am sure that I am expressing the opinion of all of you this 
evening when I express the hope that Prof. Hele Shaw, who is 
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returning to his University duties at Liverpool, in August, will- be 
able to return to Johannesburg to carryon the good work he has. 
commenced at the Technical Institute and to make it the finest, 
mining training institution in the world. 

The vote of thanks was carried with acclamation. 
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XXLV 

AN AL YSES OF SOME WITWATERSRAND SOILS 

By EmYARD H. CROGHAN 

THE foundation of rational agriculture is undoubtedly the knowledge 
of the chemical and physical composition of the soil. Although 
agriculture is a chemical industry, nevertheless it was discovered 
and carried out thousands of years before chemistry became a science. 
vVith agriculture, as with many other industries, practice was the 
forerunner of theory. The few notes that I am presenting in 
relation to some "Titwatersrand soils obviously do not pretend to 
exhaust the very important subject of soil analysis in this locality, 
but may be a starting point for those members of our Society who 
are interested in this branch of chemistry, to which, it seems to 
me, not much attention has hitherto been given in Johannesburg. 
Before treating of the actual analyses, I should like to bring forward 
a few points which should be borne in mind when reporting on 
soils. These come under five headings-

1. The class to which the soil belongs. 
II. Those essential constituents of plant food liable to become 

temporarily exhausted. 
III. What constitutes a normal soil in those essential constituents. 
IV. vVhat constitutes a poor soil in those essential constituents. 
V. The various artificial means by which those constituents may 

be replaced. 

1.-THE CLASS TO WHICH THE SOIL BELONGS. 

For this I adopt the following classification. 
A soil containing under 10 per cent. clay is a sandy soil. 
A soil containing 10 to 40 per cent. clay is a sandy loam. 
A soil containing 40 to 70 per cent. clay is a loamy soil. 
A soil containing 70 to 85 per cent. clay is a clay loam. 
A soil containing 85 to 95 per cent. clay is a strong clay. 
A soil containing over 95 per cent. clay is a pure agricultural clay. 

587 
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Experience proves that the best soil is
Grit (calcareous and siliceous) 
Clay. 
Pulverised limestone 
Humus 

50-70 per cent. 
20-30 
5-10 
5-10 

" 
" 
" 

It thus contains enough sand to make iL permeable to air, moisture. 
,and warmth j enough clay to keep it moist, tenacious and conserva
tive of manures j enough limestone to make it calcareous, to 
neutralise acidity and to decompose organic matter j and, lastly, 
sufficient humus to aid in maintaining carbon dioxide in the 
in ters titial air of the soiL 

Such a soil is naturally exceptional; usually, one or more of 
these constituents is in excess. 

H.-THOSE CONSTITUENTS LIABLE TO BECOlHE TE;\IPORARILY 

EXHAUSTED 

Are four in number-nitrogen, lime, potash, phosphoric acid. The 
-quantity of humus present affords some guide to the proportion of 
nitrogen present. 

HI.-The following constitutes a 

Lime 
Potash 
Phosphoric acid 

NORMAL SOIL 

IV.-A POOR SOIL 

Is less than 0'10 per cent. lime. 
" " 0'05 " potash . 
. , " 0'05 " phosphoric acid. 

0'25-0'50 per cent. 
0'15-0'25 

0'10 " 
" 

V. REMEDIES FOR DEFICIENCIES IN A SOIL 

This is both a wide and comprehensive subject. Much skill i's 
required in the application of manures, the object being, not merely 
to fertilise the soil, but to feed the plant or crop. Hence, a farmer, 
to be successful, must have a knowledge of the composition of his 
soil, of the food required by the plants he wishes to cultivate, and of 
his fertilisers. Through not knowing the constituents which are 
lacking in a soil, and the essential food ne~ded by a particular crop, 
he may frequently do harm to the crops, and, while incurring need
less expenditure, may even find himself working at a loss. 

The samples were taken from the different geological formations 
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around Johannesburg. The analytical tables are not intended to 
give the average soil constituents of the particular places mentioned, 
but rather to give characteristic examples of the soil accompanying 
that particular geological formation. Hence, wherever these 
particular formations occur in the Transvaal, an indication of the 
agricultural values of the soils can be deduced from this Reries of 
analyses. 

The percentages of plant food constituents shown in the various 
columns are not the total quantities of each constituent present in 
the soil, but the amounts which are readily available for 
assimilation by the crops. A special method of analysis has been 
adopted in order to ascertain the agricultural (not the chemical). 
value of the soil. 

On summarising these analyses, it will be found that-
1. All the soils are sandy loams. 
2. All the soils require limestone and humus, with the exception 

of the Bezuidenhout Valley and Klipriversberg Estate soils, which 
are very rich in humus, but require limestone to improve their 
physical conditions. 

3. All the soils are deficient in lime, with the exception of 
Bezuidenhout Valley and Klipriversberg Estate soils, which are 
normal. 

4. All the soils require potash, the Rosebank soil being the only 
one that is normal as regards potash. 

5. All the soils require phosphoric acid. 
6. There are no sulphates in the soils. 
From the above we see that our soils are not in a fit state to 

resist droughts, since they are too sandy, deficient in clay and 
humus, and contain practically no limestone. In fertilising 
constituents they are also very poor, there being very little lime, 
potash and phosphoric acid. The percentage of humus being also 
small, the amount of nitrogen will naturally be insufficient also. 

Only two soils need special mention, and they are the 
Bezuidenhout Valley and Klipriversberg Estate soils. It is well 
known that the geological formations in these two places are 
similar, and this is borne out by the analyses. These are un
doubtedly the best soils here, the only substances in which they 
are really deficient being limestone and sulphates. The amount of 
ferrous oxide is high, but it will be oxidised to ferric oxide on its 
physical conditions being improved by the addition of limestone 
and by ploughing. Briefly speaking, the only geological formation 
on the Witwatersrand which yields a good agricultural soil is the 
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basic Klipriversberg amygdaloidal diabase. All the other soils are 
poor, and some are very poor. 

As regards the improvement and fertilising of these soils, the 
ways and means are many. For improving their physical condition, 
the addition of pulverised limestone, chalk or broken shells is 
required. Since most limestones are more or less impure, owing to 
the presence of phosphates or sulphates of lime, magnesia, etc. 
valuable ingredients of plant food are thus often put in the soil at 
the same time. 

To counteract the deficiency of clay, and, at the same time, 
increase the humus and hence also the nitrogen, the process of 
green-crop manuring may be adopted. This is the ploughing in of 
grass or some quick-growing crop, like peas or beans, whilst still 
green. My reason for mentioning peas or beans is that they are 
leguminous plants, and leguminous plants are the only kind which 
have the power of assimilating nitrogen direct from the atmosphere. 
Thus we may not only be assured of having a soil rich in humus, 
but also one eventually rich in nitrogen. 

The soils would then be in a better condition to resist drought, 
as there is no substance equal to humus for retaining moisture, and 
it is, at the same time, valuable for its fertilising power. Here I 
may endorse some remarks made by Mr Smith, of the Transvaal 
Agricultural Department, at a recent discussion with regard to the 
mistaken and pernicious practice of veld burning. Through it the 
organic or humus portion of the soil is completely, or nearly 
completely, burnt off, and, therefore, a soil loses nearly all its 
nitrogen, one of the most valuable of essential plant foods. Mr 
Smith expressed the hope that everyone, whether interested in 
agriculture or not, should do his best to stop this veld burning, 
and it is to be hoped that every member of this Society will tell 
this to his farmer friends, and thus help its prevention, and bring 
about its ultimate cure. 

With reference to the employment of different fertilisers for 
supplying respectively lime, potash, phosphoric acid, sulphates, and, 
for special cases, nitrogen, I may say that there are many good ones 
in the market. I might give you a long list of them, but this you 
can get from any catalogue of the fertilisers which are sold by 
different firms. As to what kinds should be used, this forms a 
subject quite beyond the limits of my paper. Generally speaking, 
regard must be had to the- / / 

1. Relative market value, and 
2. The available quantities. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



TYPICAL SOIL ANALYSIS, BASED ON THE GEOLOGICAL FORMATIONS AROUND JOHANNESBURG 

eo oglCa orma IOn. oca 1 y. an ° ay ° tone 01 01 01 K2 0 10 "I" ° S 3 ° 01 0/ G I . IF t· \ L l·t [S dOllCI Oil Lime-IHl1musl CaO I ° [Poo. Ciol [ 0 °1 [FeO I H 0 
Granite --C;:;;ighan 84-830 ~750 ~I~ 0:;:0 0·0:0 01.01 0.o~41 0·010 fi-;;- 1·7;0 0.9~0 

Lower Witwat.ers-I ~~I79-3401u.l5OIO:053I2-4701 0·030 I~-;:;;-I 0·0551 0·010 I-F~;;-13·3121 0·820 1 
rand beds, clllefly Farm ' mmute 
shales. traces 

Remarks. 

Light brown colour: sandy loam; 
very, deficient in CaC0 3 , CaO and 
humusj K2 0isfairj P 2 0 s isverypoorj 
S0:'l. is required. 

Red colour: sandy loam; very de. 
ficient in CaCO:H CaD and humns; K2 0 
is exceedinglypoorj P%05 iSjustpass. 
able; 80a is reqnired. 

--------I-----I85-970�~21;lo:i25l1i>oo -I 0·0701 Minute i 0·0641 o Olol"fi;;-I 2·520 1 0·940 I-~------------Brownish-red colour; sandy loam; 
very deficient in CuC0 3 , CaD and 
humus; K2 0 is exceediuglypoor; P205 
isjust passable; 80 3 is required. 

Lower Witwaters
raud beds and schists 
overlying granite 

Orange 
Grove 
Hotel 

traces 

--------1------:-11"5-%0120-28010.035 1:;:;'301 0'020 i01.671 0·0381 0·010 1-;:;·;;-12·OS0 1 0·860 I Dark, brownish-red colour: sandy Junction of lower 
Witwatersrand bedB 
and grauite 

Rosebank t-;i 
m. directly in 
frontof Orange 

Grove Hotel 

loam j very deficient in caeo 3' CaD 
and humus; K2 0 is normal; P20S is 
very poor; 803 is required. 

1 Middle Witwaters- \--Fun.a-;:;;-l82-wo\14-800'lo.o53I-;oool 0.03010-.1061' 0.0121 0·007 1"Ft·;;-1 2·08S 1 0.9521 Pepper-b!own .c0loni·: sandy loam: 
rand beds (sandy) Farm very defiCIent III CaCO" CaO and 

humus; ILlO is fair; P205 is exceed
ingly poor; SO:! is required. 

1----1--130:61210:51711"Q.970 1 0·290 io.o301 0·068\ 0·0121];;:;;-i 4"17613·840 '\ Brownish-blackcoloUf; sandy loam, Bezuidenhout I b7 'U6U 
Valley very nearly approaching a loam; very 

deficieut in CaCO:'h sufficient CaO for 
plant food onlYl but humus is excel
lent; K20 is just passable; P20r. is 
just passable j 80;1 is required; too 
much FeO is preseut. 

Klipri.versberg 1 KliPriversberg!-;S:870I29-ilGOl0:5ool1"Q.oool 0.280 10.0751 0.055 1 0.0051-;:;.;;-18.50413.980 1 Dark red colo,!r; sandy loam, very 
amygdalolds porphy- Estate I nearly approachmg a loam; very de. 
rites and diabase . ficient in CaCO::, sufficient CaO for 

plant food only, but humus is excel
lent; K20 is just passable; P20S is 
just passable; SO.1 is required; too 
much FeO is present. 

Upper (sandy) and 
lower (clayey) Witwat
ersrand beds and dia
base, similar in com
position to Kliprivers
berg diabase, amygda
loids and porphyrites 

Upper Witwaters
rand beds, chiefly 
sandstones and con
glomerates 

'----I~G201Js.5iOIQ.067I3-9001 0.03slv;,-;;-1 0·020 I 0·071 1 very-!a·384I 0·S80 I Very light brownish-red colour: 
minute minute sandy loam; very deficicJilt in CaCO a 
traces traces and CaO j humus fair; K20 is ex

Booysells 

ceedingly poor; P20S is very poorj 
SO, is requll·ed. 
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AGRICULTURAL SOIL ANALYSIS 

The following is the method of analysis employed. It is to be 
hoped that this method may be improved upon, and that some 
method may be devised which will, as far as possible, approach the 
conditions under which the plant works in extracting its food from 
the soil. 

The method is an extract from standard methods, modified here 
and there from my own personal experience. It is both a 
mechanical and chemical method. The results give the con
stituents which are directly available as plant food. In the case 
of the limestone, the CaCOg is calculated from the amount of 
CaO found. 

A.-Collection of Sample 
Clear away all vegetation from surface j dig a hole 12 to 24 ins. 

square, vertically, with as horizontal a bottom as possible, and 
extending to a depth of not more than 12 ins. Now cut away 
from one side a vertical slice of uniform thickness. Dry this 
sample in a shallow vessel exposed to the air for four or five days 
(or at 30 to 45° C. in an air-bath for four to six hours). Pass 
without any crushing through a 1 mm. sieve, mix well, and sample 
is now ready for analysis. Lumps of the soil may be broken with 
a wooden pestle and mortar. For complete analysis 1-2 Ibs. of 
soil are necessary. 

B.-Mechanical Analysis 
For this I used Schloesing's method, which is partly chemical 

and partly mechanical j 10 gms. of the air-dried soil are made into 
a stiff paste in a glass beaker of 100 to 150 c.c. capacity with 
distilled water (using a glass rod with an indiarubber cork, newly 
cleaned by boiling in water, on the one end); more water is added, 
and the whole uniformly mixed: thus the soil is now thoroughly 
separated. Add now strong hydrochloric acid drop by drop, until 
the limestone is decomposed (humate of lime is also decomposed), 
heat up to 60° to 70° C. (known when the beaker can just be 
comfortably held in the hand), let stand till the supernatant liquid 
is clear, filter off clear liquid, finally wash all the residue on to a 
filter with hot distilled water, and wash till the washings are no 
longer acid. / 

Filtmte containing Lime as Calci~tm ClJ,loride.-To this solution add 
a few drops nitric acid, heat nearly to boiling to peroxidise the 
iron, let cool, add 2 to 3 c.c. of 10 per cent. ammonium chloride 
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MAY 1904] Method for So£! Analysis 593 

solution, render ammoniacal and boil until excess of ammonia is 
off. Filter and wash well. Render filtrate . containing calcium 
chloride just acid with acetic acid, and add 20 C.c. of a 4 per cent. 
ammonium oxalate solution. Digest on a water-bath for an hour. 
Let cool, filter, wash, dry and ignite at a strong heat. Cool and 
weigh as calcium oxide. From percentage calcium oxide calculate 
also the percentage calcium carbonate. 

P1'ecipitate of Sand, Clay, Humus.-Wash the whole precipitate 
into a beaker of 100 to 150 c.c. capacity by the addition of small 
quantities of hot distilled water from a fine jet of a wash-bottle, 
add 0'5 gm. potassium hydrate or 4 to 5 c.c. ammonium hydrate 
(until solution is alkaline to litmus). Let this stand 4 to 5 hours, 
frequently stirring, so as to bring humus adhering to the clay into 
solution. Fill the beaker nearly with distilled water, let stand 
twelve hours, syphon off the suspended clay and alkaline humus 
solution into a beaker of 1'5 litre capacity. The liquid drawn off 
is replaced by distilled water, stirred up, left for another twelve 
hours, and the process repeated until the supernatant liquid is 
quite clear. (This generally requires about six washings with our 
soils.) The sand is collected on a tarred filter, dried at 1100 

C., cooled and weighed. From difference in weight calculate 
percentage sand. 

Beaker containing Clay in Suspension and H~tmus in A llcaline 
SolutioTl.-To this is added 5 to 10 gms. potassium chloride to 
facilitate the clay settling. When liquid is clear, syphon off as 
much as possible and run the syphoned solution through a filter. 
Finally, collect all the clay on filter and wash with distilled water 
until the last quantity added no longer runs through the filter, 
which is the case when it no longer contains potassium chloride. 
Pipette off clear water remaining on clay, which adheres firmly to 
the -filter paper. Dry at 1000 C. Detach clay as much as possible 
from filter paper, incinerate in a weighed platinum dish the paper 
and any clay remaining on it, add the bulk of the clay and dry at 
1500 C. in an air-bath. Cool and weigh. Calculate percentage 
clay. 

Humus.-To the coloured filtrate from the clay add acetic acid till 
decidedly acid, boil to expel carbon dioxide, and precipitate the 
humus matter as lead humate by a cold saturated solution of lead 
acetate until supernatant liquid is colourless. Let precipitate 
settle, decant off clear liquid and collect precipitate on a tarred 
filter and wash well. Dry at 1000 C. Cool and weigh. Now, 
carefully ignite filter paper plus precipitate with excess of air in 

2p 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



594 E. H. Croghan,' Wz'twatersrand Sods [MAY 1904 

a weighed porcelain dish, any reduced lead being oxidised back 
with ammonium nitrate. Cool and weigh. This weight, taken 
from the weight of humate of lead, is taken as humic matter, and 
percentage humus is calculated. 

Moisture.-5 gms. of the air-dried soil are heated in an air-bath 
'tt 120° C. for two to three hours. 

C.-Chemical Analysis 

Chlorine.-30 gms. of the air-dried soil are lixivated with 450 c.c. 
distilled water in a 500 c.c. glass-stoppered flask. Let st.and forty
eight hours, with frequent shaking, and allow to settle. Draw off 
15 C.c. of clear liquid, which contains the chlorine in 1 gm.· 

Titrate with 1~0 AgNOg, using 2 to 3 drops of 5 per cent. potassium 

chromate as indicator. 
Soluble Ferrous Oxide, Phosphoric Acid, S1tlphur Trioxide and Potash. 

-12 gms. of the air-dried soil are placed in a 100 c.c. glass-stoppered 
flask, and 60 c.c. hydrochloric acid of sp. gr. 1'103 are added. Let 
stand five days, with frequent shaking. Filter off 40 C.c. of solution 
and make up to 200 C.c. with distilled water. Divide this solution 
into the following three parts-

Ferrous oxide, 25 C.c. = 1 gm. 
Phosphoric acid, 75 C.c. = 3 gms. 
Sulphur Trioxide and Potash, 100 c.C. = 4 gms. 

Ferrous Oxide.-Evaporate the 25 C.c. to dryness on a water-bath. 
Take up the residue with dilute sulphuric acid (1 : 4). Reduce 
the solution by zinc. Filter, add 1 to 2 gms. magnesium sulphate 

titrate by N KMn04 and calculate percentage ferrous oxide. 
10 

Phosphoric Acid.-Evaporate the 75 C.c. to dryness on a water
bath. Take up the residue with nitric acid (1 : 2); filter. To 
filtrate add 50 c.c. ammonium molybdate solution, heat up to 60° C. 
Let stand twelve hours. Filter off the clear liquid, wash the 
residue in the beaker twice with a 10 per cent. ammonium nitrate 
solution, and run washings through a filter. Dissolve any yellow 
ammonic-phospho-molybdate on filter by pouring on it a 5 per cent. 
solution of ammonia, collecting the solution in the beaker containing 
the bulk of the precipitate, in order to dissolve this also. To this 
solution add 10 c.c. magnesia mixture, drop by drop from a burette, 
stirring well, then 10 c.c. of 5 per cent. solution ammonium hydrate. 
Heat up to 60° C. Let stand six to twelve hours, filter, wash, 
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,dry and ignite at a strong heat for ten minutes. From magnesium 
pyrophosphate calculate percentage of phosphoric acid. 

Sulphwr T1·iOJJide.-To the hot solution of 100 c.c. add 5 C.c. of a 5 
'per cent. hot solution of barium chloride. Digest fo!' thirty 
·minutes. .Let the barium sulphate settle. Filter, wash, dry and 
ignite. Calculate percentage of sulphur trioxide from barium 

.. sulphate. 
Potash-To filtrate from barium sulphate add ammoniulll hydrate 

boil off excess of ammonium hydrate, the ferric oxide and aluminic 
-oxide being precipitated. When the solution, plus precipitate, is 
partly cooled down, add 1 to2 gms. crystalline ammonium carbonate 
.and once more boil to remove calcium oxide and barium oxide. 
Filter, wash. The filtrate contains potash with soda, ammonium and 
magnesium salts. Evaporate this filtrate to dryness and carefully 
expel all the ammonium salts. After cooling, moisten with 1 to 2 
c.c. distilled water, evaporate to dryness again. Repeat the 
.operation, so as to render all the magnesium perfectly insoluble as 
:magnesium oxide. The residue is then washed with hot distilled 
water (10 to 15 c.c.) on to a filter, and the filtrate collected in 
.another dish. To this filtrate add 1 to 2 C.c. of 10 per cent. 
platinum chloride solution, acidulated with 2 to 3 drops hydrochloric 
.acid, evaporate to perfect dryness on water-bath. After cooling, 
.add alcohol (81 to 82 per cent.), let stand for half an hour. 
Potassium-platinum chloride is insoluble; sodium-platinum chloride 
is soluble. Collect potassium-platinum chloride on a tarred filter 
.and wash with alcohol. Dry at 1000 C., cool and weigh. Calcu
late percentage of potash. 

Every 484'72 potassium-platinum chloride contains 94'2 potash 
·or the weight of potassium-platinum chloride multiplied by 0'193, 
,gives the amount of potash in 4 gms. 

DISCUSSION AT JULY MEETING, 1904 

Prof. A. Prister-'We are much indebted to Mr Croghan for 
bringing forward this most interesting subject of soil analysis. 

Justus Liebig, in his Chemische Brie/e, and the rest of his gigantic 
work on agricultural chemistry, laid "the foundation of rational 
agriculture." Every chemist, and the majority of intelligent 
farmers, are convinced that it is absolutely impossible to make real 
progress in agriculture without the co-operation of agricultural 
chemistry. Nevertheless we see that over 999 per 1000 of the 
men engaged in this industry are absolutely blind, chemically 
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speaking, and what is more astonishing is that they nevertheless. 
make a good living from this industry. 

From this we may be led into the error of thinking that agri
cultural chemistry may be useful but not necessary for good and 
intelligent farming. . 

But real progress is absolutely excluded in every industry. when 
the true processes are not known. "Everything, whether plant or 
animal, that a farmer grows can be traced back to two primary 
sources-the soil and the atmosphere." If we remember this, we 
shall directly understand the importance of the analyses put before 
us. 

Some daily papers during the past month have discussed the 
improvements, etc., which can be, and must be, introduced into 
farming in the Transvaal; but the basis of those discussions must 
be an exact knowledge of the composition of the soil upon which 
the plants are to grow and the surrounding atmosphere. For my 
own part, I consider agriculture as one of the most difficult chemical 
industries, and this will be evident from the following observa
tions :-

By comparing these analyses with those of a good European or 
North American soil, where agriculture is extensively carried out, 
we see that we have to do with relatively poor soils, requiring 
improvements in every direction in their chemical and physical 
composition (with the exception of the Bezuidenhout Valley and 
Klipriversberg Estate). Weare struck at a glance by their poverty 
in lime and magnesia. It is astonishing to find soils-formed in 
the neighbourhood of such big deposits of dolomites-so poor in 
those important elements. 

The probable explanation is that the rain drains the dolomitic 
formation, which lies lower than the Rand, transporting the dis
solved lime and magnesia to lower parts of the country. But, 
speaking generally, the deficiency in lime is one of the characteristic 
faults of the Transvaal soil, notwithstanding that the dolomitic 
formation forms a very large krantz round the Transvaal. The 
natural consequence of this deficiency upon plants and animals is 
easily understood. The healthy growth of the plant is hampered, 
and the bones of the animals are weak in consequence of the 
deficiency of lime. If we remember the average composition of 
bone meal-mostly made by grinding up /bones-

Moisture 
Organic matter 

10·43 per cent. 
32·30 

" 
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Phosphate of lime 
Carbonate of lime, magnesia, etc. 
Siliceous matter 

48'40 per cent. 
7'20 
1'67 " 

" 
we see directly the important rC\l~ played bY.lime and phosphorus 
in the case of animals. An addition of lime, as ground carbonate 
O()r gypsum, to those soils will undoubtedly improve them, and the 
beneficial effect will be both mechanical and chemical. 

If you look at the high percentage of ferrous oxide (8'504 of the 
,.soil of the Klipriversberg Estate), and compare it with the quantity 
·of iron oxide existing in a good normal soil, then you must directly 
come to the conclusion that the plants the farmer is growing on 
this soil must either be those natural to such soils, or he must start 
to correct this soil by the ,addition of a base like lime. By merely 
looking at the soil an old farmer would come to the same conclusion, 
.but with this important difference-that he does not Imow why. 

Another characteristic of these soils is their poverty in phosphates. 
The small quantity of phosphoric acid there is, will soon be 
·exhausted by agriculture. Hence we see that the question of cheap 
phosphates is a vital one for Transvaal agriculture. If we look a 
moment at the chemical composition of the plants which should 
grow on those soils if much agriculture is carried out, then we shall 
better understand the absolute necessity of a cheap phosphate. 
Take, for instance, the "Composition of average crops of wheat, 
barley, and meadow hay," per acre, given in Fream's "Elements of 
Agriculture." For wheat, 4800 Ibs. per acre; for meadow hay, I! 
.ton per acre ;-

Nitrogen 45·81bs. 52·0Ibs. 
Lime 8'5 " 33'8 

" Magnesia 6'5 
" 12'8 " 

Potash 31'5 
" 51'7 " 

Soda 1-2 
" 6'2' " 

Phosphoric acid 21'0 
" 

19'2 
" Sulphuric acid 4,'2 

" 
4'6 

" Chlorine 3'0 
" 

14'6 
" Silica 95'5 

" 
54'9 

" 
From this we see the great quantity of phosphoric acid taken from 
the soil every year. Hence we infer that the poverty of our soil 
.will allow wheat only every four or five years, and would not give 
.a good crop every second or third year. Here, where the labour 
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is so dear, the machine we are using in this case, the soil, must. 
give the highest results for the labour employed, otherwise we are, 
losing money. . 

I have not at my disposal a chemical analysis of the veld-grass,. 
but from the above analysis of meadow hay we can draw some· 
conclusions which may be valuable for our veld here. The first 
conclusion is, that the veld burning must be condemned, with very 
few exceptions, since it destroys useful insects and germs, and what 
is done must be done at the right time. By the burning of the 
grass the formation of humus is prevented-humus, which is so· 
necessary and important for the vegetation of the plants, and ill 
which the analysed soils are so poor. 

By. burning the grass the soil also loses a large proportion of the
lime, magnesia, phosphoric acid, potash, soda and chlorine, which 
remain as ashes. on the surface of the burnt veld, and are carried 
away by the following rains and winds. The farmer who thus 
loses these important elements for his plants, gets nothing in return ;: 
he has wasted a part of his capital j whereas on the contrary, the· 
man that transforms the grass into meat gets money for it. ,Ve 
see from the analyses that the soils of the Rand are alrcady very 
poor in these elements, and, if the farmer continues to burn his 
veld, he will make it worse, because it loses not only the elements 
the grass has taken up from the air but also those which have been 
taken from his already poor soil. 

The peculiar climate of the Transvaal, a natural consequence of 
the geographical position of the country, the physical' constitution 
of the coast, and the composition of its geological formations, are 
the principal causes of the poverty of this soil. If the rain is not. 
distributed all over the year, but limited to certain seasons as here, 
and then falls in torrents, we have everything required for washing 
the surface and carrying away all the soluble salts prepared by the 
long and slow action of the winter. The slow and gradual moisten
ing of the surface would dissolve the salts and carry them down, 
ready to be absorbed by the roots j but if the rain pours down 
as it does here, evidently only a smaller quantity of those salts. 
will have time to penetrate to the lower strata. Such rains will 
not only carry away the soluble salts brought to surface by the 
action of the atmosphere (carbonic acid, frosts, etc.) but also those 
which the roots have extracted from the Imyer strata, and which now 
are lying on the surface, unprotected, as ashes. The burning will 
also have the bad effect of facilitating this draining of the surface. 
If no grass exists to fix a certain quantity of water, every drop faUs. 
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directly to the ground and runs away after having beaten the surface, 
and no time is given to the soil to absorb the water. 

If you hear about big schemes of irrigation do not forget the 
analyses of Mr Croghan. 

A great day will dawn for the agriculture of this country when 
large deposits of phosphates are discovered here. The possibility 
of such a discovery is not excluded, notwithstanding that the 
largest deposits of those minerals known are in much younger 
formations than those forming the backbone of South Africa. The 
tertiary and cretaceous are the richest, and in South Africa these 
formations are represented and may be found to contain the badly 
wanted phosphates. It would be very interesting to get also the 
soil analyses of other parts of the country, to which the attention 
of farmers should be directed. 

We must take this occasion to impress on those who are directing 
the education of the younger generations of South Africa, that it is 
much more important for the progress of the country that the 
boys should understand a chemical formula than that they should 
have a knowledge of all the Greek and Latin authors put together. 
It is quite impossible to explain how it is. that only an infinitesimal 
part of the population-not only of this country but also of Europe 
-is capable of understanding a soil analysis, notwithstanding that 
they have spent years in schools. Boys who pass the best years of 
their life in school are yet unable to understand the growing of a 
mealie-they are as blind as the aborigines. 

It is useless to expect any progress for South African agriculture, 
or that of other countries, as long as the farmer is walking about 
like a blind man on the surface of his farm. How can you explain 
to a Rand farmer the needs of his soil when he cannot distinguish 
chlorine from potash? The deficiency of the former is evident from 
these analyses. This the farmer has found out by experience-his 
mules will eat the harness because they cannot get the necessary 
quantity of salt from plants growing on such a soil. From this we 
see that it is not only the elements which we find in large quantity 
in the ashes of the plants which playa very important r61e, but 
also those we find only in small quantities, like the chlorine and 
soda. 

Here in South Africa we can very well see how small the difference 
is between a European agriculturist with no chemical training, and 
a Kaffil'. Evidently the more highly developed intelligence of a 
white farmer allows him to overcome difficulties and introduce on 
his farm improvements, which for the Kaffir are impossible. But the 
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distance between the two is certainly not so great as that between 
the manager of a modern Siemens-Martin furnace and a Kaffir smith 
extracting iron from magnetite. 

Complete the practical experience of the white farmer by means 
of but a small quantity of chemical knowledge, then you will see 
the difference. Humanity has not yet understood that agriculture 
is a chemical industry, and therefore chemistry must play an 
important r6le-from analysis of the soil to the harvesting of the 
wheat. Weare still under the mediooval impression that to be a 
good farmer the want of intelligence and of a trained brain is the~ 
best recommendation. Those ideas we have inherited from our 
forefathers. The difficulty of the agricultural industry is evident 
from the difficulty we meet in discussing those few analyses of Rand 
soils. How many have been trained to understand such analyses 1 
'We have been crushed under grammatical rules of languages and 
other useless studies, and our most vital interest--the knowledge 
of the ground upon which we walk and live-has been neglected. 
When the day dawns of large manure factories turning out hundreds 
of tons of artificial manure, then we will know that the country is 
going ahead, for the children will understand soil analyses, and what 
is more, understand how to correct the soil which they are 
working. 

Mr A. Whitby-Mr Croghan's paper, being the first, so far as 
I know, ever read before this Society on the subject of Agricultural 
Chemistry, is worthy of recognition if only as serving as a basis for 
future discussions. It is naturally difficult, in dealing with a subject 
more or less unfamiliar to many of our members, to avoid the lines 
of the text book, and I think Mr Croghan is greatly deserving of 
credit for having given us some analyses of local soil, and adapted 
some of the dogmas of agricultural chemistry to local conditions. 
Under Mr Croghan's description of the class to which a soil beiongs, 
I come to the first point in his paper which I find open to criticism. 
I do not know whether this classification is Mr Croghan's own or 
not, but to call a soil containing over 95 per cent. of clay a "pure 
agricultural clay" is rather hard on the agriculturist. I do not 
think Mr Croghan would like to be "the man behind the plough." 
Leave the word" agricultural" out and it may be suitable for brick 
making. 

With regard to the implication that, certain soils accompany 
particular geological formations, I should like very much more. 
corroboration than Mr Croghan has given. us before conforming to 
it. Then, again, "The quantity of humus present affords some 
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guide to the amount of nitrogen present" is misleading. Person
ally, I should prefer to know the nitrogen present either by the 
Kjeldahl or any other convenient method. 

With regard to the still prevalent practice of veld burning, 
I am in entire agreement with Mr Croghan. It cannot be too 
strongly condemned. Of course, it is a practice dating back to 
the voortrekkers, when farms were unenclosed and land was cheap, 
and it seemed the only means of providing a sweet, green pasturage 
for the young sheep. I am inclined to think in this connection 
that the study of grasses capable of being crossed on to the South 
African is one well worthy of the attention of agriculturists. 

Referring now to Mr Croghan's typical soil analyses, I find two 
columns for limestone and calcium oxide. The casual reader might 
take this"to mean that both were determined, but I observe that 
actually the limestone figure is derived from. that of the calcium 
oxide obtained. N or do I note anywhere in his scheme of analyses 
any provision for the determination of these constituents separately 
and individually. Hence I cannot accept in good faith such 
remarks as "very deficient in calcium carbonate, sufficient calcium 
oxide for plant food only," or "very deficient in calcium carbonate 
and calcium oxide." To say the very least, such statements are 
misleading, and tend to throw, by reflection, considerable doubt on 
Mr Croghan's conclusions. 

With regard to the method of analysis employed, I find nothing 
particularly novel, but I do not think the chemist is favoured by the 
statement that "sodium-platinum chloride is soluble," or that so 
many parts of "potassium-platinum chloride contain so much 
potash." The factor is to be found in Bailey's Pocket-book. 

Mr G. W. Williams-Mr Croghan is to be complimented upon 
the introduction of a paper which not only bears the impress of 
much careful work but which is, moreover, of great economic, I 
might even say of political, importance. I trust that before long 
Mr Croghan will supplement these analyses with those of samples 
taken from other districts. If this is done, I do not think that the 
average of the analyses will show anything very striking in the 
way of rich soils. This is a natural result of the chemical com
position of the chief surface rocks of the Transvaal. Throughout 
the country there is a great dearth of basic rocks, and correspond
ingly we find that in the main our soils present the characteristics 
of soils formed from acid and highly siliceous rocks. It is much to 
be regretted that the Agricultural Department has not yet succeeded 
in publishing analyses of typical Transvaal soils. 
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Although the analyses given by Mr Croghan are taken from 
samples collected over a comparatively small area, the remarkable
uniformity and the wide extent of -the geological formations from 
which they are derived give them an added value, for we see that 
they are really applicable to a very much larger area, except in 
the cases of soils derived from the diabase, which unfortunately, 
as surface rocks, are far more local. Soils such as these can only' 
be farmed on a fairly large scale, and then only by the aid of 
fertilisers. 

r do not observe any determinations of nitrates. This is to be. 
regretted, for although I do not think that more than the most 
minute traces would be found, it would be interesting to see if 
this were so. Nitrates are, after phosphates and potash, the most
valuable constituents of plant life. In moist, warm climates these 
nitrates are formed in the surface soils during the summer months
by the agency of certain organisms, the process being known as· 
" nitrification." The conditions for successful nitrification are 
warmth and moisture; hence in this country for at least eight 
months per annum nitrification must be practically at a standstill,. 
whilst during the rest of the year the land is too often drenched 
with rain to allow of the accumulation of such nitrates as might
be formed. It would be very interesting to obtain figures showing 
the seasonable variation in the nitrates of the surface soils. I quite: 
agree with Mr Croghan that green manuring with quick growing 
leguminosffi might be of great value, but it remains to be seen 
whether the climatic conditions would not seriously interfere with 
tp.e conversion of this nitrogenous matter into nitrates and also
whether in the event of its ultimate conversion the first heavy 
rains falling on the sun-baked earth would not wash them out of 
the soil. 

These are points of more than mere theoretical interest, for 
they have a most important bearing on the agriculture, and hence
the tr.ue prosperity, of our country. 

The President-I am sure we all realise the intricacies of the" 
subject Mr Croghan has dealt with, and after reading his paper and 
listening to the very able contributions, I may say we are fortunate 
in having such matters brought before us. We have not many 
agricultural members at the present time, but as matter from 
our Proceedings finds its way into other publications, no doubt. 
these remarks may travel outside - the )i~its of the Society and. 
do further good. 
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DISOUSSION AT SEPTEllIBER ~lEETING, 1904 
The Chairman (Mr ~. Cullen)-I am very glad to have this. 

opportunity of referring to Mr Croghan's paper, as the subject is 
one in which I take a deep interest. I think Mr Croghan deserves. 
both our thanks and our congratulations, for his is the first paper' 
of its kind which has been read before our Society, and I need 
hardly point out its importance from every point of view. As far 
as I am aware, he is also the first to give us analyses of typical 
Transvaal soils, and this in spite of the fact that we have a large· 
Government Department which presumably concerns itself with 
this important matter. 

It would be comparatively easy for one to take up a text-book 
on agricultural chemistry and write a paper setting forth in 
general terms the principles of plant nutrition. One might even 
go further and show from published data what soils are most 
suitable for certain crops, but, as I have already said this paper 
is the result of actual work, and from my recollection of- the time 
involved in doing a simple soil analysis, I can safely assume that 
Mr Croghan'S time was well occupied for a considerable period. 

It seems to be pretty well established now, both from his analysis 
and from some which have been since published, that the local soils 
seem to be deficient in lime, potash and phosphates. IVe cannot, 
however, say with any certainty that they are therefore necessarily 
poor, because the conditions obtaining in this fine climate are so 
different from those obtaining in Europe. The sun plays a part 
here which we are apt to overlook, and "Mr Croghan has done well 
in pointing this out. It is always difficult to interpret a soil 
analysis, and it is difficult to estimate the small quantities. 
of constituents available for plant nutrition. They are always. 
small, and even now authorities differ as to the best method 
for their estimation. For this reason I should have been more 
pleased if Nfr Croghan had given us his reasons for adopting the 
method outlined, but perhaps he will do so when he replies to the 
discussion. Hydrochloric acid seems rather a drastic substitute for 
the acids contained ill the soil, but perhaps some more competent 
to speak on this special point will favour us with their views. 

In Europe and America, where the available constituents present 
in soils have been the subject of long and careful research, it has 
been proved over and over again that a soil having an apparently 
larger quantity of so-called available phosphate than another soil, 
actually yielded poorer results. In the former case, of course only 
a portion of the phosphate was available. 
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) 
I have already referred to the difference between Transvaal and .-

European conditions, but they are really greater than we imagine. 
The process of nitrification, for instance, is more rapid, and it seems 
to be also pretty well established that, during thunderstorms, at any 
rate, a large amount of ammonia is formed, which is brought down 
by the rain, in a form easily assimilated by the plant. 

It is a great pity that phosphate in quantity does not seem to 
-occur anywhere in South Africa, but it is a country of wonderful 
possibilities, and that it (phosphate) will be discovered some day I 
am quite certain. Prof. Prister referred to the possibility of our 
getting basic slag when we have our own iron industry, but I am 
afraid that is a long way off yet. However, when lime is wanting, 
there is no reason why dolomite should not be used. Potash so far 
has only been discovered in patches, and it is unlikely that we shall 
ever find it in quantity. There is ammonia in our gas liquors, as I 
have pointed out before, but no attempt has been made to 
recover it. We shall also get plenty of it when our iron industry 
is started. 

Reference has been made to the practice of veld burning, and no 
doubt it is a practice which ought to be discouraged. At the same 
time there is something to be said in its favour, as it destroys the 
germs of the different stock diseases which are the curse of 
agriculture. They have been stamped out in Europe, but only 
after the adoption of most drastic measures, and I am afraid that 
this country will never be great from an agricultural point of view 
until they are stamped out here also. 

I do not think we shall ever rival the great grain-producing 
-countries of the world, but freight and heavy railway rates give the 
inland farmer a tremendons natural protection. Unfortunately, he 
cannot take full advantage of it as yet, as there are not sufficient 
railways to take the produce to the large markets, but that will be 
remedied in time. N eyertheless, there is still a great amount of 
leeway to be made up in supplying ourselves with agricultural 
produce. Last year alone we imported 25,000 tons of mealies, and 
that apart from oats, wheat forage, compressed hay, etc., etc. 
This year, on account of abundant crops, practically no mealies have 
been imported, but we surely ought to be able to wipe the other 
items off our list of imports. 

No doubt Mr Croghan's paper appeals to/very few of our members 
from either the practical or theoretical, standpoint, and it may be 
argued that on this account it is of very little utility. That, how
-ever, is not the fault of the paper, but a weakness in our present 
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system of disseminating useful knowledge. The Agricultural 
Department issue an excellent journal every month printed 
both in English and in Dutch, but I am afraid that 90 per cent. of 
the farmers never see it, or, if they do, pay little attention to the 
advice therein contained. What is really required is some intelli
gent system of disseminating the hints to be gleaned from Mr 
Croghan's paper or from other sources, for example, through that 
much-maligned body, th(South African Constabulary, the resident 
magistrates, or farmers' associations, i.e. provided the former of 
these could be induced to have that deep interest in the country's 
affairs which we should all like to see. 

Before concluding, I should just like to refer to one or two 
experiments which I have had carried out at Modderfontein, and 
although others of a similar nature have also been carried out, I am 
not aware that the results obtained have ever been published. You 
will agree with me that the results are very encouraging, and if 
such a simple means of doubling one's crops could be known to the 
farming community generally, we should soon hear less about the 
importation of mealies. A patch of land, three acres in extent, was 
manured slightly with basic slag, and the crops obtained carefully 
compared with those on the adjoining land, which was unmanured. 
In general terms, the artificially manured land gave double the 
crops of the other, and the extra yield paid for the expense of the 
artificial manure several times over. The following year practically 
the same result was obtained, and it is intended to watch the same 
land this year. Although, unfortunately, the soil was not analysed at 
the time, it has been done since, and the result of this very practi
cal experiment shows what the analysis showed, viz., that it was 
deficient in available phosphate. This year we have between ten 
and fifteen experimental patches under careful observation with 
all sorts of combinations of artificial manure, and the results when 
they are obtained will be laid before the Society in due course. 

Mr G. Goch-I can quite see that this paper has an immensely 
practical bearing upon the question we are face to face with. 
What you have stated is quite remarkable as to the wonderful 
increase in production with proper manure. It is a lesson which, 
if it could be disseminated, would bring about quite a revolution 
in production. It is one of the distressing questions which face 
an'yone interested in the public weal, to see the enormous amount 
of foodstuffs we are importing to this country year after year, and 
if a remedy can be applied, why, it is as big a question as gold 
mining. I was in despair about the soil of the country when I saw 
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in a paper that some expert had been brought out here, had 
examined it and had condemned it. Also, when in London, I was 
asked to attend a lecture given by a prominent agriculturist from 
Edinburgh, who had been requested by the Cape Government to 
-come out here and advise them on the question of the soils of this 
.country. I believe he was employed here for three or four years. 
I attended a lecture he gave in London about the soils of South 
Africa. He put forward views which seemed to be the result of a 
:search for condemnation instead of encouragement. I had the 
privilege of making some criticisms on his paper at the time at the 
request of the chairman. Again, there my technical knowledge 
was at fault, but I think the keynote of the position was this, that 
whoever came to this country, must come in the spirit which that 
Portuguese king indicated to the first navigator who came to him 
.and complained that it was a "Cape of Storms," when the king 
altered it to the" Cape of Good Hope." Whatever these experts 
think about the soil, your experience points to a solution of the 
difficulties they speak of, and a scientific application of manures proves 
that agriculture is not a hopeless prospect at all, and that profits 
may be made out of soils which might otherwise be unproductive. 

Prof. J. A. Wilkinson-It came to my knowledge the other day 
that an enterprising Australian manure manufacturer provided his 
travellers with a few simple tests whereby they were enabled to 
judge approximately the most pressing needs of the soil as regards 
manuring. Could Mr Croghan supplement his paper with a brief 
-outline of such tests for the benefit of our members'/ 

Mr T. Donaldson-The value of Mr Croghan'S paper will be 
·appreciated by all who recognise the difficulties of this branch of 
-{)hemistry and its importance to this country. 

One of the principal difficulties is to find a method of analysis 
which will give a reasonably accurate idea of the percentages of 
·essential ingredients which are readily available as plant food. I 
would like to giv.e an illustration of this, gathered from work 
recently done in the Transvaal. 

Mr Croghan, in endeavouring to estimate the available quantities 
of these essential ingredients,. gets these ingredients into solution 
by means of a 20 per cent .. solution of hydrochloric acid. In the 
Transvaal Agricultural Journal for July the Government Agricultural 
'Chemist publishes some results of soil an5Llyses. In order to get 
the available quantities of these essentilJ.lingredients into solution, 
he uses a 1 per cent. solution of citric acid (Dyer's method). One 
would naturally expect different results from the same samples 
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treated by these two methods. These two gentlemen have been 
working on samples drawn from different parts of the Colony, 
.consequently a comparison of the methods they use from the results 
·obtained would not be satisfactory. I think it is permissible, how
-ever, to draw attention to the fact that Mr Croghan'S lowest result 
for available phosphoric acid from a sample of virgin soil is 0'012 
per cent., whereas the Government Chemist's highest result (and 
that from a sample of soil of known fertility) is 0'.011 per cent. 
Mr Croghan gives a result from one sample as high as 0'068 per 
cent. phosphoric acid. The natural inference is that were these 
two chemists asked to analyse samples of the same soil, one might 
say that the soil is rich in phosphates, whereas the other might say 
"this soil requires phosphatic manuring." 

The method of treating with citric acid was proposed a good 
many years ago, and by some authorities the old hydrochloric acid 
method is still preferred. All this shows how easy it is to mislead 
·a farmer, by endeavouring to guide him in his work by analysing 
his soils. I hope that when Mr Croghan gets up at the close of this 
discussion he will have something to say with regard to the considera
tions which led him to adopt the method of analysis he describes . 
. I would like to mention another point which has an indirect bearing 

on this subject; it really comes more under the heading of artificial 
manures. In the April number of the Transvaal Agricultural Journal 
results are given of the analyses of coal ashes, and Witbank coal 
.ashes are shown to contain 5'55 per cent. phosphoric acid, equal to 
-over 12 per cent. tricalcic phosphate. It is mentioned also that 
these ashes might be of some value as a cheap source of phosphates. 
N ow, considering that our Transvaal soils are admitted to be poor 
in phosphates, I thought this interesting enough to stand further 
inquiry. I analysed what may be considered a fairly good average 
.sample of several tons of Witbank coal ashes, and found the rather 
-depressing result of 0'18 per cent. phosphoric acid. 

Prof. A. Prister-The analyses of coal ash brought before us by 
the preceding speaker are very interesting, and the high percentage 
·of phosphate of lime if really present in these ashes may induce 
some farmer to take this opportunity of improving his fields. ,Ve 
must not forget that phosphates in these ashes are present as tri-
·calcic phosphate and are not absorbed by the plants very freely, 
but it is a very well-known fact that by treatment with sulphuric 
.acid, it is transformed into easily soluble monocalcium phosphate. 

We must" not forget that the proposed coal ash contains a large 
quantity of sulphides, which are poisonous for plants. I think that 
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the utilisation of the refuse collected by the Sanitary Board will 
present a much more valuable product, to which the attention of 
the farmers should be drawn. 

Mr A. Heymann-Mr Donaldson has raised the question why 
Mr Croghan used a 20 per cent. solution of hydrochloric acid, 
whereas others are using only a 1 per cent. citric acid solution, in 
order to dissolve out the phosphates. 

In the analysis of a soil it is not essential to know the total 
quantity of phosphoric acid, but the amount which is directly 
available as plant food. In order to arrive at this latter datum, 
analysts make up empirical arbitrary solutions, which are supposed 
to extract the available plant food. These arbitrary solutions 
contain, in the majority of cases, 20 per cent. hydrochloric acid and 
are employed in the manner described by Mr Croghan. I have 
only heard of the 1 per cent. citric acid solution being used by a 
few chemists. My opinion is that the method of analysis for 
phosphates employed by Mr Croghan and which is recommended 
by our most eminent authoriti.es is the best, and is, up to the 
present, used universally. 

REPLY TO DISCUSSION AT OCTOBER MEETING, 1904 

Mr E. H. Croghan-Before giving my reply I should like to remark 
that it is pleasant to see the interest already evinced in the subject 
of agriculture. Nevertheless the discussion on my paper has not 
elicited anything special, which is not surprising since the paper 
was mainly a statement of facts. The only object of the paper was 
simply to introduce scientific agriculture to the Society. I shall 
now deal with the criticisms in detail. First of all, I thoroughly 
agree with Professor Prister that practically all agriculturists work 
in the dark, and a case has recently come to my notice in which a 
man discovered only now, after many years of experiment, what 
was requisite for enriching his soil. Just consider the saving of 
labour, time and other expense, if that man had taken, at the 
beginning, average samples of his soil from his farm and had them 
analysed. He would have immediately known the defects of his 
soil and could probably have got some one to tell him how to 
remedy them. It is just on these grounds that so many failures 
occur in practical agriculture, since a little scientific knowledge would 
guide the farmer and help him out of his many difficulties. 

Professor Prister also threw out a y-ery trenchant hint to the 
Education Department to make practical science more important in 
schools, and this certainly deserves serious consideration on their 
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.part. It is far more important than competitions for a "Classical 
Trophy." Our members must have doubtless seen in the papers 
the notice of that splendid gift of Mr Beit's to the Transvaal 
Government, namely, the Frankenwald Estate, near Modderfontein. 
This is, I believe, to be devoted to educational matters, amongst 
which one of the most prominent should be agriculture. The im
portance of this and the fruits it will bear we shall see in years to 
come, when men who have received their training there will 
commence farming for themselves. For it is an old maxim that no 
matter how rich the mineral resources of a country may be, the 
backbone of it is eventually agriculture. 

Mr Whitby's remarks occasioned me much surprise as I had 
supposed him to be more at home in agricultural chemistry and 
agricultural nomenclature. The classification of soils which I gave 
is a recognised standard. When Mr Whitby says he ,would like 
very much more corroboration of the fact that certain soils 
accompany particular geological formations, I must simply refer 
him to any text book of geology where he will find an explanation 
of how a soil is derived from the surrounding geological formation 
and consequently how the character of a soil is influenced by the 
nature of its original formation. As a result of the geographical 
position of the Transvaal, the greater part of its soils have remained 
in situ. . 

He objects to my remark" that the quantity of humus present 
affords some guide to the amount of nitrogen present." He says 
it is misleading and would rather have the percentage of nitrogen 
present determined. I mentioned that the humus being small, 
naturally the amount of nitrogen will be insufficient. While saying 
that the percentage of humus in the Bezuidenhout Valley and 
Klipriversberg Estate soils is high, I did not intend to convey that 
they were also rich in nitrogen. I was speaking of their humus 
chiefly from a physical point of view. .For the sake of making the 
analyses complete I have determined the nitrogen in the soils with 
the following results ;-

Craighall 
Cook's Farm 
Orange Grove Hotel 
Rosebank 
Farrar's Farm . 
Bezuidenhout Valley 
Klipriversberg Estate 
Booysens 

2 Q 

traces. 
0'056 per cent. 
0'078 
0'081 
0'084 
0'143 
0'168 
0'053 

" 
" 
" 
" 
" 
" 
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We see from the above that our Witwatersrand soils are 
deficient in nitrogen. 

Mr Whitby mentions that he does not note any provision in the 
scheme of analysis for determining the calcium oxide and limestone 
separately. I do not see the necessity for two determinations. 
The method is that of Schloesing, and is recommended by 
Fresenius, which should be quite sufficient for most people. As a 
result of this objection, Mr Whitby says he cannot accept .in good 
faith such remarks as" very deficient in calcium carbonate, sufficient 
calcium oxide for plant food only," or "very deficient in calcium 
carbonate and calcium oxide. These statements, he says, are 
misleading, and tend to throw by reflection considerable doubt on 
my conclusions. I fail to see this. The first statement means that 
there is sufficient calcium oxide to act as plant food, but there is not 
the requisite amount of calcium carbonate for improving the 
chemical and physical condition of the soil. The second statement 
means that neither of these two conditions prevails. 

I do not know why Mr Whitby goes out of his way to say that 
he "finds nothing particularly novel in the method of analysis." 
This is self-evident, for the method has been in use for many years. 
Nevertheless, when he says" nothing particularly novel," I can 
infer that he does find something novel; I am interested to hear 
this, for as far as I can see there is nothing novel in the method. 
Mr Whitby says, I do not think the chemist is favoured with the 
statement that sodium-platinum chloride is soluble, or that so many 
parts of potassium-platinum chloride contain so much potash. The 
factor is to be found in Bailey's Pocket-book. I regret that my 
paper contained some information which Mr Whitby did not want, 
because he happens to possess that book. But every person does 
not possess it, and not everybody is able or willing to work out these 
things for himself. 

In Mr G. W. Williams' remarks there is nothing really requiring 
a reply. As to determining nitrates, it is only usual in the case of 
fertilisers. For soils the total nitrogen is generally sufficient. As 
regards supplementing J?Y analyses with those of soils from other 
districts, I think, as we have ~n Agricultural Department with a 
branch specially engaged on this work, they will fill the gaps. 
Besides, the analyses from odd districts of the Transvaal will not 
be of much use until they are fitted ipto a systematic survey of the 
whole, which will take a long time to complete. 

Whilst I am on the subject of the Agricultural Department, I 
regret that several members have complained of their not having 
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published any soil analyses. In justice to them it should be known 
that they are a comparatively recent acquisition to the country. 
They are commencing their soil analyses, and in the last number of 
their excellent Journal (July), published a few of them. It must 
be understood that before a systematic soil analysis survey can be 
commenced, they have first of all to travel round the country to 
becomc intimately acquainted with it. They have also to start the 
different' experimental farms throughout the Transvaal, besides 
contending with such difficulties as insect pests, cattle diseases, etc. 
H they make an agricultural success of the Transvaal, the greatest 
credit should be given them, for they have a very uphill fight. 

Mr Cullen says that local soils seem to be deficient in lime, 
potash and phosphates, but that we cannot, however, say that 
they are necessarily poor because the conditions obtaining in this 
fine climate are so different from those obtaining in Europe. This 
statement is rather ambiguous. It seems to me that if an analysis 
shows a soil to be poor in its essential plant food constituents, it is 
poor, and no climate, only manure, can substitute the wants of lime, 
potash, and phosphoric acid. 

Again, I do not understand why it should be difficult to interpret 
a soil analysis, merely because that analysis is difficult to carry out. 

I did not think it essential to give my reasons for using the 
method of hydrochloric acid extraction, as the method is well 
known. Nevertheless, some literature on the matter will be 
interesting. Somewhere between 1870 and 1880 the Congress of 
Directors of German Experimental Stations investigated this 
matter of soil analysis, so as to adopt one fixed method and thus have 
a basis of comparison for interpreting the results. The following 
is an extract from a pamphlet entitled" The Chemical Compositions 
of the soils of the South Western Districts of the Cape Colony," by 
Chas. F. Juritz, M.A. "Numerous experiments were carried on in 
laboratories all over the country (Germany), and side hy side with 
each of these experiments the soil itself was directly appealed to by 
actual cultivation. The outcome of these investigations was that 
the agricultural chemists of Germany, assembled in Congress, 
resolved to adopt certain fixed methods of analysing the soil in such 
a manner as to approach as closely as possible to natural processes; 
and this they did, first of all, not by pounding the soil, but by 
sifting it, and so excluding from the portion actually analysed big 
fragments of bone and other materials that would give a fictitious 
value to the soil and would be of too large a size to be successfully 
dealt with by the acids excreted from the roots of the plants. A 
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fixed weight of the sifted soil was then taken for analysis, treated 
with a definite quantity of diluted hydrochloric acid of a certain 
strength for a stipulated time at a fixed temperature and under specifierl 
conditions. " 

I think Mr Cullen made a slight slip when he said that it is 
pretty well established that during thunderstorms a large 'amount 
of ammonia is formed. It.is nitrous and nitric acids which are 
formed, and these combine with the ammonia of the air and are 
washed down by the rain. The ammonia only owes its presence 
in the atmosphere to the putrefactive decomposition of the organic 
nitrogenous constituents of plants and animals. It is quite possible 
I may have overlooked it in recent literature on the subject, and so, 
perhaps, Mr Cullen can give us some data on the subject. 

With regard to Professor Wilkinson's suggestion that I might 
outline a few simple tests for the use of commercial travellers, I do
not think it is possible; and I am surprised that a man of his 
experience should implicitly credit the word of an enterprising 
Australian manure manufacturer. 

Mr Donaldson finds a difficulty in the fact that the Agricultural 
Department used 1 per cent. citric acid and I used 20 per cent. 
hydrochloric acid, and naturally says that if we analysed the same
soil we would expect different results; but it does not follow that 
one might say that the soil is rich in phosphates, and the other say 
the soil requires" phosphatic manuring." When I published my 
soil analysis I purposely gave the method of analyses employed and 
also the standards constituting a normal and poor soil in the 
available constituents determined. This is a thing that must 
always be done, as many chemists have their own methods. 

The Agricultural Department have done some analyses, using 
1 per cent. citric acid and stating their standard, I did mine by 20 
per cent. hydrochloric acid and stated my standard. The result is 
that although the figures were quite different, apart from the fact 
that our soils were from different parts of the Transvaal, our con
clusions are practically the same, namely that the soils are poor. 

As regards the improvement of these soils, I mentioned in my 
paper for increasing the humus-and hence the nitrogen-the pro
cess of green-crop manuring. For supplying potash special potash 
fertilisers are only requisite for special crops which feed heavily on 
it. For remedying the deficiencies of lime and phosphates, the 
most suitable and economic of imported Jertilisers seems to be basic 
slag (Thomas phosphate). This is largely used by several large 
farms, and they find it to yield good results. 
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Before concluding, I should like incidentally to refer to the cost 
()f fertilisers in Johannesburg as compared with Cape Town and 
France. The French prices are taken from the Ghemiker Zeitung. 
The Cape Town prices are a fair average taken from the several 
reports of the Cape Government Analyst. The Johannesburg prices 
are those of a local firm. The prices are per ton (2000 Ibs.) 

Frallce Cape Towll Johannesburg 

Superphosphates £2 15 0 £6 10 0 £12 10 0 
Sulphate of potash 9 0 0 15 0 0 28 0 0 
Sulphate of ammonia 12 5 0 22 10 0 
Potato fertiliser 8 0 0 12 10 0 
Tobacco do. 8 0 0 15 0 0 
Fruit and vine fertiliser 7 10 0 18 0 0 

The railway rates for these from different places in South Africa 
to Johannesburg might be useful for future data. 

RATES FOR IMPORTED FERTILISERS

PRICE PER 100 LBS. 

Cape Town 
Port Elizabeth 
East London 
Durban Point 
Maritzburg 
Delagoa Bay 

64d. 
45d. 
42d. 
42d. 
36d. 
36d. 

The figures include cartage at both ends and are subject to the 
regulations as published in the official tariff book from time to time. 
These rates speak for themselves, inasmuch as you would pay for 
,a good or bad manure the same rate say from Capetown, viz., 
£5, 6s. 8d. per ton; yet the actual value of the manure, e.g., bone 
meal, would in some cases be only worth £4 to £5, so that it is 
.quite possible that the rates may often exceed or at any rate equal 
the price of the manure itself. From Prof. Prister's communication 
()n the role which artificial manure plays in increasing crops you 
will understand, after some study, the intricacies of the subject. 
I certainly agree with him that the excessive railway rates on 
fertilisers should be reduced. Until this is done farming on a 
.scientific scale is only an amusement for the wealthy. 

The President-I think the Society should be distinctly con
gratulated upon the interesting paper we have had from Mr. 
Croghan, and upon the vigorous discussion which followed. There 
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is a very close relation between mining and agriculture, as both 
deal with the development of the natural resources of the earth. 
Though most of us are more closely connected with mining, yet we 
feel the fullest sympathy with the agricultural development of this 
country, both for the sake of those interested in agriculture and 
also in order that the amount of food-stuffs imported into this 
country may be reduced. 
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OONSUMPTION OF ZINO ON OYANIDE PLANTS 

NATURE, OAUSE AND EFFECT 

By WALTER H. VIRGOE, M.I.M.M. 

(Published in A1tgUSt 1903) 

IN considering the consnmption of zinc on any cyanide plant, where 
zinc in a filiform condition is used as a precipitating agent, it will 
be observed that the consumption of zinc is always in very large 
excess over that amount theoretically required for the precipitation 
of the metals obtained in the product. It will also be observed 
that this loss or consumption of zinc is due to two causes, the one 
mechanical, the other chemical. There is a loss of zinc mechanically 
in cleaning up metallic zinc with the deposited metals in the pro
duct, and there is a chemical loss owing to zinc being dissolved in 
the cyanide solution in excess over what is actually required for the 
precipitation of metals. 

It is customary to record the consumption of zinc in Ibs. or ozs. 
per ton of ore treated, or in kilos per metric ton, if the metric 
system be used. Such a record is sufficient when calculating work
ing costs, but on the plant the chemist should record the consump
tion of zinc not only per ton of ore treated, but also per unit of 
solution flowing through the boxes, and should record the loss 
under the two heads of loss by mechanical means and loss by 
chemical means. Such additional records, though they may not 
be absolutely accurate, yet they will be approximately so, and they 
will afford a great deal of information that is exceedingly valuable 
and interesting. 

By mechanical loss is meant that loss or consumption of zinc 
involved in the removal of zinc from the extractor boxes in the 
product, whether as metallics or slimes, during the process of 
cleaning up. By chemical loss is meant that amount of zinc 
dissolved by the solution flowing through the boxes which is 
represented more or less accurately by the difference between the 
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616 W H. V£rgoe: Zinc on Cyanide Plants [AUG. 1903 

zinc removed in the product and the amount of zinc found necessary 
to refill the boxes after the clean up. 

The causes which govern the ·consumption of zinc on any plant 
should be most carefully considered, because a heavy consumption 
of zinc not only increases the cost of treatment of the or~, but, if 
the loss be largely mechanical, it' increases the cost of reduction of 
the product, which, owing to its baseness, requires rctining before 
or during smelting, and, if chemical, the plant solution is apt to 
contain more zinc than is advisable, perhaps. 

Gold product is always much baser than silver product, and ,the 
expenses of reducing such product are, therefore, always much 
higher per ounce of fine metal obtained than the expenses of reduc
ing-silver product per ounce of fine metal. The reason for this is 
obvious enough: 50 tons of solution, containing 25 ozs. of gold, may 
flow through 200 Ibs. of zinc in 24 hours, and deposit 25 OllS. of 
gold; whereas a silver-bearing solution of equal amount and value 
would deposit some 1000 ozs. and although both the chemical and 
mechanical consumption of zinc might probably be higher in the 
case of the deposition of the silver, yet it would be in no way 
proportionate to the amount of fine metal deposited, and, therefore, 
the resulting product would be of much finer grade. 

As a matter of fact, silver-bearing solutions require far less zinc 
box capacity than gold-bearing solutions, and the consumption of 
zil1C per ounce of fine metal deposited is very much less. Commonly, 
with gold-bearing solutions, the consumption of zinc is in the 
proportion of 16 to 1 of gold deposited; whereas in the case of 
silver-bearing solutions the consumption may be in the proportion 
of 1·3 of zinc to 1 of silver deposited, or even as low as 1 to 1, 
which proportions I have observed from figures afforded by the 
practical results of the operation of various plants in Mexico and 
elsewhere. 

The consumption of zinc due to mechanical causes. It is 
customary on most cyanide plants when making the periodical 
clean-ups to class the product under two heads, viz., metallics and 
fines; the" fines" product being such material that admits of being 
smelted direct in nearly all cases, and the" metallics " that portion 
which consists of broken particles of zinc, which are in too fine a 
state of division to be returned to the extractor boxes, and which, 
cannot be generally smelted to advantage w~thout some preliminary' 
treatment. 

"Metallics" represent that part of the product which will pass 
through the screens with which the boxes are provided, and which 
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AUG. 1903] Loss of  Zinc in Extractor Boxes 61 7 
is retained afterwards  on that screen by which the " fines"  are 
separated. The sizes of  these two screens are determined by what 
experience dictates as most suitable and economical. For instance, 
on plants where the product is very base it may be advisable to 
define  as " fines  " that portion of  the product that will pass a 60-
mesh screen, experience showing, perhaps, that this grade of  mesh 
yields the best product, economically speaking, for  direct smelting: 
and it may be advisable to determine as " metallics " that portion 
of  the product which, passing from the boxes through an 8-inesh 
screen, is retained on the 60-mesh. 

Metallics which are likely to pack and hinder the proper flowing 
of  the solution must not be returned to the boxes, neither should 
" fines"  be produced of  too base a character by the use of  too 
coarse a screen for  direct smelting. Ο11 some plants in Mexico the 
nature 'of  the product cleaned up is such that all the product which 
passes a 12-mesh screen can be smelted direct with ease, and 
no metallics are produced which cannot be returned- to the 
boxes. 

Excessive mechanical losses of  zinc are generally due to such 
simple causes :— 

(a) Unnecessary handling of  the zinc during clean-ups, due 
generally to a desire to obtain as much product as possible 
by scrubbing and rubbing the zinc; a practice that cannot 
be too strongly condemned. 

(5) Care not being taken to place the zinc under water directly 
it is removed from the boxes, whereby it oxidizes very 
rapidly and becomes heated and brittle. 

(c) Uneven flow  of  solutions through a sponge of  zinc, whereby 
the zinc mass or sponge becomes broken up through 
holes and channels being bored through it; the uneven 
flow  being generally produced through the blocking of 
screens, or by the too tight packing of  the zinc in the 
boxes. 

(d) The zinc threads being poorly cut, with threads of  uneven 
thickness, the gradual wearing down of  these threads 
producing a large number of  short pieces of  zinc. 

(e) An excessive amount of  " metallics "  or " shorts " are likely 
to be produced where large bulks of  very weak solutions 
flow  through large quantities of  zinc, depositing over a 
large area a small amount of  the precious metals, 
especially when the zinc is hand-cut instead of  being cut 
by self-feeding  lathes. 
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Excessive chemical losses are generally due to :— 

(a) Excessive alkalinity of  the solution. 
(b)  Precipitation of  base metals, such as copper, mercury, 

manganese, etc., on the zinc. 
(c) Contact of  the zinc in the boxes with unprotected iron 

surfaces. 
It is also observed that strong solutions of  cyanide flowing 

through zinc will produce much heavier chemical losses than are 
produced by weak solutions. 

When too much lime is used on a plant the result is very 
noticeable in the extractor boxes, a too vigorous evolution of 
hydrogen being in evidence, showing that a wasteful  solution of 
zinc is taking place. 

The precipitation of  base metals naturally causes the chemical 
consumption of  an equivalent amount of  zinc and entails a waste of 
that metal by inducing more vigorous electrolytic action. The 
contact of  iron with the zinc in the form of  unprotected screens, 
iron screen frame  handles, etc., acts in the same way. 

No metal is more destructive than mercury when deposited on 
the zinc, as it rapidly reduces it to a pulpy mass, from which the 
metallic mercury may be largely separated by squeezing it in a 
cloth. I have had considerable experience with this metal in the 
treatment of  old pan amalgamation tailings in various parts of 
Mexico. 

Again, the consumption of  zinc per ton of  ore treated will 
depend largely upon the amount of  solution that flows  through 
the boxes in comparison with the amount of  ore treated; for 
instance, the treatment of  a slow-leaching ore may be attended 
with a very low zinc consumption, whereas the elimination of  slimes 
from such an ore may facilitate  its leaching capabilities, and, more 
solution being used, the consumption of  zinc per ton of  ore will be 
increased, although the actual consumption of  zinc per ton of 
solution flowing  through the boxes may remain practically the same. 
For this reason I always consider it advisable,· when considering 
the consumption of  zinc on a plant, to look at it first  from the 
standpoint of  consumption per unit of  solution flowing  through 
the boxes. 

There is no doubt in my mind that the consumption of  zinc on 
any given plant would be largely decreased if  the solutions were 
allowed to accumulate a certain degree of  value before  being passed 
through the zinc boxes, in which case it would be advantageous to 
displace the cyanide solution in the boxes by water, after  the 
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passage of the solution through them, to prevent loss of zinc 
through its being needlessly in contact with the cyanide solution; 
but such a procedure should only be attempted by one who was 

. perfectly familiar in every detail with the chemical features in 
conriection with the plant handled. 

'Where zinc fume is used as a precipitant it is sometimes the case 
to thus allow the solution to accumulate values before being 
agitated with the zinc. This method is very effective and ensures 
a minimum time of contact between a minimum quantity of zinc 
and the cyanide solution; therefore chemical losses should be low, 
although the exceedingly fine state of division of the particles of 
zinc might be considered to render it in a fit condition for dissolving 
very rapidly in a strong alkaline solution. The chief difficulties 
attending its use appear to be in the collecting of the precipitate 
and in the acid treating of the collected and filter-pressed material. 
It has been urged as a drawback that the process is not a con
tinuous one, but if two gold precipitation tanks be employed the 
method is to all intents and purposes continuous. 

Zinc dust is used in several plants in the States; at the Con
solidated Mercur Company's mill, which is the largest cyanide 
plant in the States, and the De Lamar mill in Idaho, and at the De 
la Mar's Nevada Gold Mining Company's property at Delamar, 
Nevada, and elsewhere. It is reported that the process is success
fully used at these places. Filter presses are used at the De Lamar 
plant in Idaho, where the consumption of zinc dust is stated to be 
3 Ibs. to 4 Ibs. per ton of ore treated. At the mill of the Nevada 
Gold Mining Company the process has been used for several years, 
and it is found that five minutes of agitation of the solution after 
the addition of the precipitant is sufficient for complete precipita
tion. At this plant the precipitate is collected in ordinary zinc 
boxes, the compartments of which are filled with oakum. The 
advantages of this method of precipitation have not been made 
apparent to me from such data as I have been able to procure from 
practical working results, and several mills in the Black Hills of 
South Dakota have discarded this method in favour of the ordinary 
method of thread precipitation. 

If the zinc dust method is the better method then the sooner it 
displaces zinc thread the better, for the time will come when its 
merits will be recognised and its use will become general; but 
the process is growing old, and the patentees cannot, or do not, 
convince the cyanide world of its advantages by the publication of 
practical statistics which alone appeal to it. 
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Losses of zinc are mechanical and chemical. vVe will now en
deavour to see what the results of practical plant operations teach 
us. A plant in the State of Mexico treats some 660 tons per 
month of sands and 370 tons of slimes, the product of a 15-stamp 
wet crushing battery. The consumption of zinc on both is practi
cally the same, viz. 0'5 kilo, or 1'1 Ibs. per ton of ore. Table" A" 
shows tonnage treated and the amount of product removed from 
the boxes and the amount of zinc added to the boxes over a period 
of four months. It will be observed that the amount of zinc added 
to the sands plant boxes during the four months was 1397'3 kilos and 
the amount of product removed was 343'2 kilos, of which 151'9 kilos 
represented" metallics" and 191'3 kilos represented "fines." Again, it 
will be observed that the amount of zinc added to the slimes plant 
boxes was 784'7 kilos and 718'9 kilos of product were removed from 
the boxes, 458'5 kilos being" metallics" and 260'4 being" fines." 

Inasmuch as the zinc consumption per ton of sands is practically 
the same as the zinc consumption per ton of slimes, viz., 0'52 kilo, 
as compared with 0'53 kilo, it is evident that there is a very heavy 
mechanical loss of zinc in the slimes boxes and a light chemical loss 
as compared with the mechanical and chemical losses on the sands 
plant. Tu arrive at some idea of these two losses on the two plants 
the following points must be considered :-

The value of the metallics produced on the sands plant is' about 
,)'6 times the value of those produced on the slimes plant in bullion 
contents. For instance: 

50'3 kilos of sands plant metallics were found to contain 16'8 ozs. 
gold and 30'7 ozs. silver; and 

184'4 kilos of slimes plant metallics were found to contain 18'5 
ozs. gold and 38'3 ozs. silver. 

The exact values of the metallics produced separately on the two 
plants during the period mentioned is not known, as the metallics 
of the two plants are treated together during the process of reduc
tion and smelting, but it is safe to assume the data yielded by the 
above figures as correctly indicative of their respective values. 

On the sands plant 151'9 kilos of metallics were obtained and 
458'5 kilos from the slimes plant. The reduction of these metallics 
produced 7'876 kilos of gold and silver, and from the comparative 
values of the two classes of metallics it may be assumed that 4-284 
kilos of this amount were produced from the sands plant and 3-592 
kilos from the slimes plant_ 

The analysis of these metallics is not known, except in so far 
as their gold and silver contents go; but it can be assumed, for th~ 
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sake of argument, that the balance of the material is metallic zinc; 
consequently we perceive that 151'9 kilos of metallics were removed 
from the sands plant boxes containing 4'28 kilos of gold and silver.; 
hence the removal of these metallics involved a mechanical waste 
of 147'6 kilos of zinc. An a!lalysis of the sands plant "fines" 
showed that this material contained 25 per cent. of zinc, and, 

TABLE" A" 

SANDS PLANT.-64·4 PER CENT. OF PULP 

Product removed Zinc 
from Boxes. added to 

:Month. Tonnage. Total. Boxes. 

Metallics. Fines. Kilos. 
Kilos. 

------------
Oct. 611'1 20'00 47'9 - 358'3 
Nov. 684'3 38'70 53'5 - 354'5 
Dec. 704'9 48'25 48'1 - 355'6 
Jan. 646'1 44'95 41'8 - 328'9 

------------------------
Totals 2646'4 151'90 191'3 343'2 1397'3 

Sands: Tonnage, 2646'4. 
Consumption of zinc per ton = 0'52 kilo. 

SLIMES PLANT.-35·6 PER CENT. OF PULP 
. 

Product removed Zinc 
from Boxes. added to 

Month. Tonnage. Total. 
Boxes. 

l\fetallics Fines. Kilos. Kilos. 

--------------------
Oct. 362'5 101'0 59'3 - 192'7 
Nov. 347'3 120'7 71'0 - 189'4 
Dec. 396'0 115'5 73'2 - 19S'0 
Jan. 375'2 121'3 56'9 - 204'6 

------------------------
Totals 1491'0 458'5 260'4 718'9 784'7 

~limes: Tonnage, 14tH '0. 
Consumption of zinc per ton = 0'53 kilo. 
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TABLE "B" 
Showing the relative chemical and mechanical consumption of 

zinc on sands and slimes plants for the months of October, November, ' 
December, 1901, and January, 1902. 

SANDS PLANT 

Zinc removed 
Zinc from Boxes 

added to in form of Chemical Mch. Chm. 
Month. Boxes. product. 

Total loss loss loss shown by 
dif. p.e. p.c. 

Kilos. Metal- Fines lics. 

--------------------- ---. ------

Oct., 
1901, 

to 1397'3 147'6 47'8 195'4 1201'9 13'9 86'1 
Jan., 
1902 

Slimes Plant. 
Ditto 784'7 454-9 1 4l'l 

1
496 '0 288'7 63'2 36-8 

Sands Plant: Total tonnage treated, 2646'4 tons. 
Zinc consumed per ton, 0'52 kilo. 

Slimes ,Plant: Total tonnage treated, 1481'0 tons. 
Zinc consumed per ton, 0-53 kilo. 

therefore, since 191'3 kilos of fines were removed, this removal 
involved a further loss of 47'8 kilos of zinc. Hence the total 
mechanical loss of zinc on the sands plant for the period mentioned 
appears to be approximately 195'4 kilos of zinc. The chemical loss 
is that represented by the difference between the total consumption, 
or, in other words, by the amount of zinc added to the boxes 
during the period covered, viz., 1397'3 kilos, and the mechanical 
loss of 195'4 kilos, which is about 1201'9 kilos. 

Table" B" shows these results in tabulated form. 
Considering the consumption of zinc on the slimes plant, 458-5 

kilos of metallics were obtained, representing 3'592 kilos of fine gold 
and silver bullion j therefore it may be assumed that the renioval 
of these metallics involved a mechanical loss of 454'9 kilos of 
zinc. Again, 260'4 kilos of fines were removed from the boxes, 
an analysis of a general sample of which showed the presence of 
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AUG. 1903J Loss of Zinc on Sands and Slz'mes Plants 623 

15'8 per cent. of zinc; hence this removal of fines entails a 
mechanical loss of 41'1 kilos of zinc. 

The total mechanical loss on the slimes plant is about 496 kilos 
()f zinc and the chemical loss is about 288'7 kilos. The results may 
be thus tabulated :-

Chemical loss 
Mechanical loss 

SANDS PLANT 

1,202 '00 kilos. 
195'4 

" 

SLIMES PLANT 

288'7 kilos. 
496'0 " 

LOSSES PER TON OF ORE TREATED 

Chemical loss 0'45 kilo. 0'19 kilo. 
Mechanical loss 0'07" 0'33" 

LOSSES PER TON OF SOLUTION FLOWING 

THROUGH THE BOXES 

Chemical loss 
Mechanical loss 

0'2540 kilo. 
0'0413 " 

0'032 kilo. 
0'055 " 

From these data it will be observed that there are causes at work 
on the sands plant tending to produce a high chemical consumption 
of zinc, and causes at work on the slimes plant that tend to produce 
a low chemical consumption but a high mechanical consumption of 
zmc. 

'rhe respective conditions on the two plants are as follows :
The sands plant extractors consist of four boxes with eight com

partments. 
The zinc capacity of the four boxes is 40'64 cubic ft. 
One cubic foot of zinc pressed into the boxes weighs 13'5 Ibs., 

the shavings being cut from No. 9 zinc by hand labour; con
sequently the zinc capacity is 40'64 cubic ft. = 584'64 Ib8. 

Each ton of solution per hour has allotted to it 25'4 cubit ft. of 
zinc. 

The slimes plant extractors consist of four boxes with five com
partments. 

The zinc capacity of the four boxes is 60 cubic ft. = 810 Ibs. 
Each ton of solution per hour has allotted to it 20'0 cubit ft. of 

zinc. 
The precipitation is practically perfect on both plants, and 

strength of solution flowing through the sands boxes averages 
about 0'32 per cent. potassium cyanide whilst the strength on the 
slimes plant is about 0'04 per cent. potassium cyanide. The 
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624 W. H. Virgoe: Zinc otl Cyanide Plants [AUG. 1903 

statistics with reference to the zinc boxes would indicate that those 
on the sands plant are of somewhat larger capacity than necessary. 
Twenty cubic feet should be ample per ton per hour. 

During the four months 2646'4 tons of sands were treated, and 
1481 tons of slimes, both classes of material being practically the 
same value in gold and silver per ton, and the extractions obtained 
on both plants were about equal. Therefore, the principal differences 
lie in these features: On the sands plant comparatively small 
amounts of strong solutions flow through the zinc, and on the slimes 
plant comparatively large amounts of very weak solution flow 
through a relatively large amount of zinc, and containing and 
depositing a little more than half the values deposited by the sands 
plant solutions. . 

It appears that strong solutions depositing consjderable product 
tend to cause a heavy chemical consumption of zinc, and weak 
solutions depositing a comparatively small amount of product cause 
a heavy mechanical loss and a light chemical one. 

At one period lead acetate was used to coat the zinc shavings 
in the slimes boxes, and it was thought that some of the consump
tion might be attributed to this cause, but a discontinuance of the 
use was not attendant with any apparent lowering of the consump
tion, either chemical or mechanical. 

No doubt the heavy mechanical consumption is to some extent 
due to the use of hand-cut. zinc. Upon a neighbouring plant, 
treating the same class of ore from the same vein, and having a 
capacity of about 9500 tons per month, the consumption' is 
reported as being 0'34 kilo, or U'74 lb. per ton of material 
cyanided, the zinc used being cut by mechanically-fed lathes from 
sheet-zinc. 

As both plants are under excellent management, there is no doubt 
but that the consumption of zinc, although it appears high in com
parison with Rand records, is normal under the conditions of plant 
treatment necessary for the ore in question. Upon the Rand there 
is some variation in the different plants, but the average consump
tion may generally be taken to be about 0'3 lb. per ton. 

One feature will be observed: a cubic ft. of zinc, according to 
Mexican practice, weighs about 12 to 13 Ibs. The weight of a 
cubic ft. of cut zinc, as used on the Rand, weighs about 7 Ibs. j 

the reason for this is that coarse zinc can be pressed more com· 
pactly into the boxes on account of the. 'greater strength of the 
thicker threads. The thickness of the thread must be determined 
by the character of the plant, but where much metallics are pro'-
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duced a very fine thread is to be advocated j where very few metallics 
'are produced and the chemical consumption is somewhat high coarsely 
cut zinc should be used. The character of the thread used must 
be determined by the judgment and experience of the operator; 
there is no fixed rulf'. 

When the effect of this mechanical and chemical consumption 
of zinc is considered the cost involved in the reduction of metallics 
and the effect upon the plant solution of the presence of. zinc is an 
important item. 

The nature and causes of the consumption of zinc, as evidenced 
by practical plant operations, are not to be lost sight of j there 
is no doubt as to the value of records of consumption kept in this 
way j to the observant operator they convey a great deal of infor
mation tending to assist in the elucidation of problems that present 
themselves in practical work. The chemistry involved in the solu
tion of zinc has not been discussed, because so much has been 
written upon that point, and accepted formulm seem perfectly clear 
and satisfactory. 

In considering the effect of the loss of zinc undoubtedly heavy 
mechanical losses involve the cost of the refining of the metallics. 
Plants running with light mechanical zinc losses have invariable 
lower costs in the reduction of their bullion. The costs involved 
in the treatment of product on the plant alluded to for the period 
of four months, to which the zinc consumption records refer, may 
be briefly considered. 

610·49 kilos of metallics were produced on the slimes and sand 
plants. The reduction of these metallics cost, exclusive of labour, 
fuel and crucibles, as follows :-

943'00 kilos of acid @ 13c. per kilo 
7·41 " soda carbo @ 55c. " 
7·41 " sand 

19'77 " borax glass @ $l.36 

$122.59 
4.07 

26.88 

$153.54 

The weight of pure bullion produced was 7 '876 kilos = 253'29 
troy ounces; hence the cost per ounce of pure bullion is 60c. 
Mexican. Exclusive of acid the treatment costs would be about 12c. 

The acid treated material represented 10 per cent. to 11 per cent. 
of the weight of the raw metallics and had a fineness of 12 per cent. 
to 13 per cent. 

The bars produced ranged in fineness from 931 to 962 parts in 
1000. 

2R 
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The cost of the reduction of the fines was as follows :-

SANDS PLANT 

191'3 kilos of fines were produced (material passing a 40-mesh), 
cost of reduction being as follows :-

20'64 kilos of soda carbo @ 55c. per kilo = $11.35 
55'01 " borax glass @ $1.36" = 74.81 
20'64 " sand 

$86.16 

The weight of fine bullion produced was 81'456 kilos = 2618'86 
. troy ounces; hence the cost per ounce of pure bullion is 3.28 cents 

Mexican, exclusive of labour, fuel and crucibles. 
The sands plant fines were 42 per cent. fine before reduction, 

and the fineness of the bars produced ranged from 932 to 950 parts 
in 1000. 

SLIMES PLANT 

260'4 kilos of fines were produced; cost of reduction being as 
follows :-

28'00 kilos of soda carb @ 55c. per kilo = $15.40 
90'07 " borax glass @ $1.36" = 122.50 
28'00 " sand 

$137.90 

The weight of fine bullion produced was 37'446 kilos = 1203'91 
troy ounces; hence the cost per ounce of pure bullion is 11. 4 cents 
Mexican, exclusive of labour, fuel and crucibles. 

The slimes plant fines were 14 per cent. fine before reduction, 
and the fineness of the bars produced ranged from 913 to 965 parts 
in 1000. 

The fines from the sands plant are 42 per cent. fine as they come 
from the boxes, whereas the fines from the slimes plant, which has 
a high consumption of zinc, are only 14 per cent. fine, a little finer 
than the acid-treated metallics of the two plants, and the cost of 
reducing these latter fines is about the same as the cost of reducing 
the acid-treated material. / 

The preceding figures serve to show how mechanical zinc losscs 
affect the cost of the reduction of the product. 

At the commencement of this paper it was stated that silver 
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product was always much finer than gold product, and consequently 
much easier to reduce. On a plant situated in the State of 
Michoacan the cost of reducing metallics, exclusive of labour, fuel 
~nd crucibles, is 2'27 c. Mexican per fine ounce of bullion produced, 
~nd the cost of reduction of fines is not more than 29·28c. per kilo 
{)f fine bullion produced. On anotber plant in the Territory of 
Tepic the total cost, inclusive of labour, fuel and crucibles, etc., 
is only 23c. Mexican per kilo, and at this latter plant no metallics 
.are produced which cannot be returned to the boxes, and the 
product consisting of that material which will pass a 12-mesh screen 
has an initial fineness of 80 per cent. to 90 per cent. Both the 
.above-mentioned plants are treating chloridized ores. 

The cffect of-chemical losses of zinc on a plant. A good deal has 
been said about the fouling of solutions by zinc, but no instance of 
fouling has so far fallen under my personal observations where the 
falling off of extractions could be attributed to zinc in solution. 
Such cases may occur when plant solutions are deficient in alkali 
in the form of lime. 

A good deal has also been written and said about the great need 
that exists for a method to determine "available cyanide" in a 
plant solutIon in place of the present method, which determines 
free cyanide and part of the cyanide in combination with the zinc, 
or all that latter cyanide if much free alkali be present; although 
it is undoubtedly advantageous to know how much cyanide is 
present as free and how much as combined, yet at the same time 
the value of the cyanide combined with the zinc as available 
.cyanide is Ve:I;y much underestimated, and practical results would 
be but little affected were such a method devised and in general 
use. 

It has been known for years that potassium-zinc cyanide is a 
solvent for gold and silver and an excellent solvent in the presence 
of lime or other alkali. The potassium-cuprous cyanides are like
wise solvents, as the author has pointed out in a previous paper, 
but they are, as would be expected, much less efficient than the 
zinc salt. 

It is proposed, therefore, to take up the cudgels in defence of 
this salt, and to show that its presence in solution is, if anything, 
more advantageous than harmful. The titration of a solution of 
potassium-zinc cyanide depends entirely upon the degree of dilution 
of the solution. If a solution of potassium-zinc cyanide be titrated, 
the cyanogen contents of which form the equivalent of 1 per cent. 
potassium cyanide, the yellow iodide colour forms wbt,n about 
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one-fourth of the cyanide has been titrated, indicating that the 
salt apparently splits up in this way :-

2(Zn(CN)22KCN) + AgNOs = 2(Zn(CN)2KCN) + 
KAg(CN)2 + KNOs' 

Upon standing a few moments the yellow iodide disappears and 
the solution clears up, and if furthe'r silver nitrate be added the 
yellow cloud of silver iodide will again form and again gradually 
disappear until the full amount of silver nitrate has been added to 
combine with the two molecules of potassium cyanide. 

'Vith dilute solutions the titrations are very unsatisfactory; it 
seems as though silver iodide is somewhat difficult of solution in 
dilute solutions, consequently, the more dilute the solution of this 
salt, titrated the greater the error of titration. 

These remarks, of course, apply to the titration of this salt in 
the absence of alkali. 

'Where the phenomena of the clearing up of a solution after the 
final titration point had apparently been reached is observed in 
titrating a plant solution, the cause may be attributed to the 
presence of considerable zinc and lack of alkali in the solution. 

Again, it is hardly necessary to point out that the zinc salt is 
titrated to a degree which depends upon the sufficiency or in
sufficiency of the amount of free alkali present. If the alkali be 
lime, one molecule of the zinc salt requires the presence of two 
molecules of lime, and the equations are, therefore, probably as 

'follows ;-

1. 2(Zn(CNh2KCN) + 4Ca(OH)2 + 2AgNOs = 2ZnCa02 + 
2KAg(CN)2 + 2KNOs + 2Ca(CN)2 + 4H20. 

2. 2AgNOs + 2Ca(CN)2 = Ag2Ca(CN)4 + Ca(NOsh 

A plant solution should contain, if possible, sufficient alkali, in my 
opinion, to fulfil the needs of the above equation, that is to say, 
there should be at least 1 lb. of lime in solution to every ~ lb. of 
zmc. 

In order to be sure that the solution contains the requisite 
amount of lime, the author advocates titrating the plant solution 
with and without the addition of lime water or a solution of soda 
or potash, and, if any difference be observed, adding the alkali till 
a constant reading is obtained. By this means the operator will 
find out how many pounds of lime of A1 known decree of purity 
should be added to each ton of his solution, 

The autho~ has never found in practice that the zinc in solution 
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has any tendency to accumulate above a certai~ point, and, since 
this is the generally recognised state of affairs, if, at any normal 
period in the working of a plant, extractions should be correct with 
this amount of lime in solution, any subsequent falling off of results 
should be attributed to some other causes than to the results of 
titration. To make it more clear, a plant may start up with a 0'20 
per cent. solution and the extractions may he 86 per cent., there 
being plenty of lime in the solution; later on, when a normal period 
is reached, and the solutions contain the normal amount of zinc, 
titration results will record the strength of the plant solution as 
free cyanide plus combined cyanide in a more or less regular pro
portion. If the extractions are somewhat lower than they should 
be, the strength of the solution might be raised to, say, 0'25 per 
cent., when, if the extractions regain their original degree, there is 
no reason why they should not remain so since, the zinc does not 
accumulate. 

It has often been remarked that the addition of alkali to a plant 
solution entails usually a decrease in the percentage of silver values 
extra~ted whilst re~ucing .the cO,nsumption of cyanide. The occur
rence :of such a phenomenon is due to the fact that the solution, 
having become deficient in alkali, titration results would record all 
free potassium cyanide and only a small part of that combined with 
the zinc in solution; the addition of free alkali would cause the 
recording as free cyanide of a larger percentage of combined 
potassium cyanide, and potassium-zinc cyanide being a poor solvent 
for silver, the extractions of this metal would be liable to be 
lowered, and there would be an apparent decrease of cyanide con
sumption for the time being. 

With reference to the extracting power of potassium-zinc cyanide 
upon gold and silver in ores, Table No.1 illustrates this, being a 
comparison of results obtained with a solution of this salt with and 
without the addition of lime and a solution of plain potassium cyanide. 

The value of the addition of the alkali is obvious, and this salt 
is an excellent solvent for gold, though comparatively not so good 
a solvent for silver, even in the presence of lime, though this may 
be simply a question of duration of treatment. Without lime less 
cyanide is available than with lime, as the following equations show: 

l. 2(Zn(CN)22KCN) + 2Au + H20 + ° = 2AuK(CN)2 + Zn(CN)2 + 
ZnK20 2 + 2HCN. 

2. H20 + 2(Zn(CN)22KCN) + 2Au + ° + 3Ca(OH)2 = 2AuK(CN)2 
+ ZnK20 2 + ZnCa02 + 2Ca(CN)2 + 4H20. 
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No. 

TABLE 'No. I 

TABLE SHOWING COJl.IPARISON OF EXTRACTIONS AS AFFORDED BY. SOLUTIONS OF POTASSIUM CYANIDE, 

POTASSIUM-ZINC CYANIDE AND POTASSIUM-ZINC CYANIDE PLUS Lam 

Weight. 

Ore. I Sol. 

Reagents 
Used. 

Strengtb. HEADS. TAILS. IPercent. Extraction. 
Cyanide 

Con.sump. 
Before. I After. I I Au Ag I Total. Au I Ag I Total. I Au I Ag I Total. 

REMARKS. 

__ , __ , __ , ________ '---1----1· ___ 1 ____ 1 ____ 1 __ 1 __ 1 ___ ' __ ,--,--,--_________ _ 

gms. gms. 

100 100 

KCN 
percent.]percent. 

0.11 0.06 

K,Zn(CN), 0.11 0.09 

KCN 0.22 0.14 

K,Zn(CN). 0.22 0.20 

K,Zn(CN)4 +CuO I 0.11 0.10 

Ibs. 
1.0 

0.4 

1.6 

0.4 

0.2 

---'--1--1--' 
K,Zn(CN).+CaO I 0.22 0.21 0.2 I 

$ :$ $ $ $ 
8.57 0.66 9.23 1.24 0.28 

4.78 I 0.51 

0.93 I 0.23 

4.55 I 0.47 

S 
1.52 

5.29 

LI6 

5.02 

85 

44 

89 

47 

57 

23 

65 

29 

83 

42 

87 

45 

The ore treated being a clean 
quartz Ore carrying the gold 
in a fine stnte of divi.~ion. 

do. 

1.75 0.48 80 
76 I Crystals of the zinc salt were 

dissolved in a saturated solu
---- ---------- tion of lime water in these 

1.86 I OA5 I 2.31 I 78 I 32 I 75 two tests. 
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TABLE No. II 

TABLE SHOWING COMPARATIVE EXTRACTIONS 'AS AFFORDED BY SOLUTIONS OF POTASSIUM-ZINC CYANIDE AND 

POTASSIUM CYANIDE ON ORES OF DIFFERENT CLASSES 

Strength (on ore) I :s ~ . 
;~§ 

Reagent used. \ ---;1---1 6 § :p 

Bcfore. After. " 

HEADS. 

Au Ag Total. Ag Total. Au 

TAILS. Pel' cent. Extraction. 

Au I Ag 1 Total. 

Nature of Ore treated. 
Weight. 

No. 1----.--
Ore. I Sol. 

K"Zn(CN), 

KCN 

0.33 0.27 1.2 

gms. I gms. percent.!per.:ent.! lbs. 
0.33 0.27 1.2 

10 I 200 ,-"---,---,--,--

$ S 
S I $ I $ I $ I I I I Very fine quartz mixed 1.03 1.82 2.85 92 77 87 with conolderable schbtose 

14.04 7.66 21. 70 ------- ------ slimes. Silver, principally 
1.24 3.97 5.21 91 48 76 8S sulphide, pal·t!yns chloride 

and bromide. 

KCN I 0.80 I 0.40 I 8 0 
100 1 200 1------------1 0.02 

K,Zn(CN), 6.80 0.7.; 0.8 
3.40 trace I 0.70 I 0.70 I - I 80 I 83 3.92 1 _______ .. __ Pyritic quartz tailings 

trace 0.97 0.97 - 72 -:re-I somewhat decomposed. ' 
1--'-

Quartz tailings contuintng 
2.17 I 2.17 I - I 79 I 80 I much oxidised .iron and 

10.50 1--1------ ------ manganese, heavy cotisump. 
KCN 1.00 0.20 16.0 

100 200 0.50 
K"Zn(CN), 1.00 0.50 10.0 

4 
KCN I 0.80 I 0.52 I 5.6 

200 1-------------1 19.21 
K"Zn(CN), 0.80 0.58 4.4 

KCN I 0.80 I 0.74 I 1.2 
100 1 200 1----------I 3 .• 52 

K2 Zn(CN), 0.80 0.78 0.4 

10.00 

32.03 

1.81 

4.00 4.05 - 60 62 tlon of cyanldc being due to 
this latter metal. ' 

Pyritic quartz. ore con· 
5.99122.~0 I 28.79 I 69 I 29 I 4! I taining considerable base 

51 24 '1-- -------- ---- metals - zinc lead man· 
o 7.63 21.35 28.98 ·61 34 44 ganese, etc.; 'silver 'present 

as sulphide. 

0.33 1 0'001~1_ 0.62 I~ l~l~~1 Clean quartz tailings; silver 
0.62 0.71 1.33 83 61 76 pr€sent as sulphide. 

KCN I 0.60 0.43 3.4 0.05 5.22 5.27 99 I 71 75 Clean quartz tailings, con· 
6 1100 1100 1-------1--------- 2.89 17.60 20.49 ---------- ---- taining small quantities of 

K,Zn(CN), 6.60 0.01 1.8 . 0.42 9.81 10.23 86 45 51 base metals. 
----- --- ---------- -------------------------------- ------_. -----

KCN 0.11 0.Q6 1.0 1.24 0.28 1.52 85 49 83 Clean quartz ore flee 
7 100 100 --- - ---------- 8.07 0.55 9 12 ---------- -- -- from base metals; solu-

K,ZII(CN), I 0.11 0.10 0.2 1.75 0.48 2.23 80 13 7G tiOll satur.ted with lime 

NOIF.-O·4 per cent. CaO added to the first six experiments; tests, forty hours' agitati()n. 
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TABLE No. III 

TABLE SHOWING RESULTS OF BOTTLE AGITATION TESTS CONDUCTED WITH SOLUTIONS OF POTASSIUl\l 

OYANIDE CONTAINING VARYING Al\IOUNTS OF POTASSIUM-ZINC OYANIDE 

o ~.,; 
,,~ 

PER CENT. 

Weight of 
c3e 
_0 
00 

REAGENT USED. "''' "',. 
'" '" "'eo 

d 
~:3 

HEADS. TAILS. 
OF EXTRACTION. 

,0:: '" 

<l.! <l.! KeN 
~:g KCN" K Z Total Total 

Ore. Sol. ~ '" a~C~):n KCN KCN 

-"" ~S 
hOI 
O~ 

" 13 Au Ag Total. Au Ag Total. Au Ag Total. ~~ I 

-- ---::- ----:=- --- Per cent.1per cent. Pel' cent. Percent. ~ -$-- --$-- --$- --$- --$- --$-'---'------

I 100 100 0.5 . 0.40 0.00 0.4 0.38 0.4 11.16 1.73 12.89 2.68 0.50' 3.18 76.0 
2 " " " 0.35 0.05 0.4 " " " " " 2.48 0.55 3.03 77.8 
3 " " " 0.30 0.10 0.4 " " " " " 2.89 0.58 3.47 74.2 
4 ,,' " " 0.25 0.15 0.4 " " " " " 2.89 0.58 3.47 74.2 
5 " " " 0.20 0.20 0.4 "" " 2.89 0.59 3.48 74.2 
6 " " " 0.15 0.25 0.4 " " " " " 3.30 0.59 3.89 70.5 
7 " " " 0.10 0.30 0.4 " " " " " 3.51 0.60 4.11 68.6 
8 " " " 0.05 0.35 0.4 " " " " " 3.71 0.62 4.33 66.8 
9 " " " 0.00 0.40 0.4 " " " " " 3.92 0.71 4.63 64.9 

71.1 
68.3 
665 
66.5 
65.9 
65.9 
65.4 
64.2 
59.0 

75.4 
76.5 
73.1 
73.1 
73.1 
69.9 
68.2 
66.5 
64.1 
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Again, Table No.2 illustrates the action of potassium-zinc cyanide 
in comparison with pure solutions of cyanide upon different classes 
of ore. Thus it is seen hOw excellent a solvent this salt is in 
certain cases, and how the extractions are accompanied with a 
much lower cyanide consumption. 

Table No.3 illustrates the solving power of a solution 6f cyanide 
containing lime, the solvent being in Test No. 1 plain cyanide j in 
Test No. 9 plain potassium-zinc cyanide, and in the intermediate 
tests cyanide· partly free and partly combined in varying pro
portions. These are the results of thirty-hour bottle tests. 

,Vhen leaching tests are made in a laboratory on a small scale it 
is observed that even if glazed earthenware vessels be used, and 
every precaution taken, the recorded consumptions are greatly in 
excess of those shown by bottle tests, which approach very closely 
to practical results. On all plants the initial consumptions are 
much higher than those recorded after a few weeks of running. 
If a little potassium-zinc cyanide be added to the solutions of the 
laboratory tests there is apparently much less oxidation of the 
solutions and the cyanide consumption is considerably decreased. 
Therefore, much of this initial consumption on new cyanide plants, 
hitherto attributed to absorption by new tanks, etc., is caused by 
oxidation of the solutions, and as the solutions gradually take up 
zinc the consumption of cyanide decreases till it reaches its normal 
level, the solutions being protected in some way by the presence of 
this salt, and, therefore, it might be highly advantageous in some 
cases to add potassium-zinc cyanide to fresh solutions, and, of course, 
the requisite amount of lime, especially on such plants where the 
conditions produce a very small chemical consumption of zinc. 

Table No. 4 shows half a dozen experiments illustrating this 
point. 

The charges, which were placed in glazed leaching jars, were 
under percolation for four days. The solutions that come off tests 
Nos. 1, 2 and :3 were allowed to drip into a small flask of zinc 
shavings and drip by overflow into a glass beaker. The solutions 
from tests Nos. 4, 5 and 6 were not passed through zinc. This 
probably accounts for the consumption in the first three tests being 
smaller than in Nos. 4, 5 and 6. 

The data afforded by this sheet serve to indicate that the 
presence of potassium-zinc cyanide in solution tends to greatly 
reduce the consumption. Tables Nos. 1 and 2 are also interesting 
in this respect. 

One of the most interesting problems in cyanide work is the 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



TABLE No. IV 

TABLE SHOWING THE EFFECT OF THE ADDITION OF 

POTASSIUM-ZINC CYANIDE TO ORDINARY CYANIDE SOLUTIONS IN LABORATORY TESTING WORK 

WeIght 01 UeagentB (belore UBe). R agent. C)anide 
~:tl (al~er UBe) Con-

. I KCN \ KCN as I Totul Total KCN sump. II I 
__ , Ore. Sol. ____ K,Zo(CN), ~~ _______ ~~~ITotall~J~ITotall~\~ITotal 

HEADS. TAILS. EXTRACTION "/0 
RH.MARKS. 

lbs. gms'l gms'll "I. "I. "I. "I. 
II $ I $ I $ I $ I 8 I $ I 

"I. 

I 

'10 \ 0'. 
11.16 1.73 12~89 1.86 0.:4 2.60 

In te:-ts Nos. 1, 2, 3, the 

600 600 0.40 0.00 0.40 0.36 0.8 83 57 7H.8 II solutions as they drained 
off the ore were passed 

0.35 0.05 0.40 0.39 0.2 2.27 I 0.77 I 3.04 I 80 55 I 76.4 

0.30 0.10 0.40 0.39 0.2 2.27 I 0.83 I 3.10 I 80 52 I 75.9 

4 0.40 0.00 0.40 0.31 1.8 1.86 I 0.60 I 2.46 I 83 65 I 80.9 

-'--'--"---'----'---,----'----'i--'--'--'--'--'--'--'--,--
0.25 0.15 0.40 0.33 1.4 1.86 I 0.66 I 2.52 I 83 62 I 80.4 

0.20 0.20 0040 0.37 0.6 1.86 I 0.73 I 2.59 I 83 58 I 80.0 

NOTE.-These tests l'epre~ent results of leaching experiments conducted on n busls of foul' days' treatment. 

through zinc. 

The ma.terial treated was 
11 very pure q Illlrtz ore in 
ench casco 

The tests Nos, 4, 5, G, 
the effluent solutions weJ~e 
not passed through zlnr. 
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question relating to the deposition of zinc from plant solutions. I 
believe the generally accepted idea is that the zinc is thrown out 
as zinc cyanide, and this I observe is the theory advanced by 
Schnaebel in his book on "Metallurgy," Vol. 1., page 835, where he 
gives the following equation :-

2H20 + Zn(NaO)2 + K2Zn(CN)4 = 2Zn(CN)2+ 2NaHO + 2KHO 

and adds: "These reactions limit the accumulation of zinc in the 
solution." 

The author does not believe such a reaction does take place, nor 
that any reason exists why it should take place. OIl a cyanide 
plant more zinc will be found in the strong solutions than in the 
weak solutions, and it would appear that there is no chance of 
zinc cyanide heing thrown out in a strong solution of cyanide, or, 
in fact, in any solution containing free potassium cyanide; neither 
is it to be expected that zinc cyanide would be thrown down .in a 
strongly alkaline solution. The author questions whether zinc 
cyanide is ever actually thrown out of a cyanide solution in practical 
operation, for, presuming that the solution contained no free 
cyanide, and that all the free alkali was being used to hold zinc 
hydrate in solution, or, in other words, was used to form that very 
unstable compound zincate of potash, we should still have this 
further reaction to fall hack upon :-

ZnI{202 + 2Zn(CN)2 + 2HzO = 2Zn(OH)z + Zn(CN)22KCN 

Moreover, looking at the matter from a practical standpoint, a glance 
at the figures showing the chemical losses of zinc on any cyanide 
plant are quite sufficient to prove that the accumulation of zinc in 
cyanide plant solutions is not limited by the deposition of zinc as 
zinc cyanide for the loss of cyanide involved hy such a reaction 
would be enormous. 

Referring to the preceding figures, it will he ohserved that on 
the sands plant there was a chemical consumption of 1201'9 kilos, 
or 2644 Ihs. (avoir.), in four .months. Assuming this zinc to be 
thrown out as the single cyanide of zinc, a loss of cyanide is inyolved 
of 5288 Ibs., or about 2 Ihs. of potassium cyanide per ton of ore 
treated. 

On the slimes plant the chemical loss was 288'7 kilos, or 635'14-
Ibs., and as 1481 tons were treated, this means a cyanide con
sumption of 0'85 lb. 

Inasmuch as the average consumptions on the two plants are 
about 1'5 Ibs. and 0'6 lb. respectively, we note how very unsatis
factory this attempted solution of the problem is. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



636 W. H. Virgoe: Zinc on Cyamde Plants [AUG.,1903 

If the figures be taken from another plant treating chloridized 
ore in the territory of Tepic, Mexico, over a period of two months, 
as follows, interesting data upon this point are afforded :-

Tonnage treated, 3174'4 tons. 
Cyanide consumed, 4890'6 lbs. or 1'54 lbs. per ton. 
Zinc consumed, 3816'5 lbs. or 1'20 lbs. per ton. 
Weight of raw product produced, 6441'38 lbs. 

" fine bullion " 5265'09 " 

Difference 1176'29 " 

An analysis of the product showed that it contained 6'85 per 
cent. of zinc; hence, 444'23 lbs. of !linc were cleaned up in the 
product during this period of two months, and since the total 
amount of zinc used was 3816'5 lbs., the chemical loss must have 
approximated 337'27 lbs., which, if thrown out of solution as zinc 
cyanide would have entailed a further cyanide consumption of 
6744'54 lbs. 

It is unnecessary to produce further data to prove the fallacy of 
the supposition of the deposition of zinc from solution in this way. 

The author has observed that solutions of potassium cyanide con
taining zinc that have been in contact with ore with which lime has 
been mixed will gradually deposit in the sump tanks a quantity of 
light, white precipitate, which forms first as a scum on the surface of 
the solution, and which consists of lime and zinc perfectly free from 
combination with cyanogen. This precipitate consists of carbonate 
of lime and zinc, and since precipitated carbonate of zinc is soluble 
in an ordinary solution, the author has little doubt but that the 
salt thrown out is a compound carbonate of zinc and lime which is 
insoluble and which is formed by the action of the carbonic acid 
gas of the atmosphere. ThIS precipitation of zinc on a plant will 
be taking place not only on the surface of solutions in the sumps, 
but also in the solution exposed to the atmosphere on the charges 
under treatment in the leaching tanks, and affords the true reason 
for the non-accumulation of zinc in solution. 

The following equation probably describes the reaction that takes 
place:-

Zn(CN)22KCN + 2Ca(OH)2 + 2C02 = ZnCa(C03)2 + Ca(CN)2 + 
2KCN +2H20. 

We see, therefore, that lime appears to' playa very important 
,part in keeping cyanide solutions free from zinc. A discussion of 
the advantages in other directions does not come within the scope 
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of this paper, but it may be pointed out that its presence in 
solutions prevents the existence in solution of alkali carbonates or 
bicarbonate of lime which so frequently gets thrown out in the zinc 
boxes as carbonate owing to the action of the generated potash if. 
the solutions are deficient in alkali, which is liable to be the case 
where plants solutions are made up with water heavy in bicarbonate 
of lime. The author has known cases of zinc box screens becoming 
clogged with this deposit of lime, and even cases where the 
precipitate was caked from this cause and only removed with 
difficulty from the boxes. 

One matter suggests itself with reference to zinc-box metallics: 
Since the solution and precipitation of zinc from the cyanide 
solution in practice does not involve any loss of cyanide, it might 
prove to be an economical matter in a plant producing few metallics 
to replace these metallics in the boxes on trays, placed horizontally 
so that the solution can flow beneath and above them; these 
metallics should gradually dissolve, and by this means the produc
tion of material requiring the expense of acid treatment might be 
avoided. 

The question whether zincate of an alkali can exist in the presence 
of free potassium cyanide is interesting. In a paper read before 
the Colorado Scientific Society in April, 1895, N. Andersen states 
that it does not exist and that the following reaction takes place :-

Zn(OK)2 + 4KCN = Zn(CN)2.2KCN + 4KHO 

Again, Alfred James, in discussing a paper entitled" Notes on 
Residual Cyanide Solutions, and a Method of Examining Them," 
published by Chas. Ellis in 1897, gave some evidence in support of 
the above reaction taking place. There appears to be no evidence 
tending to the contrary, and Andersen's equation is probably 
reliable. Consequently, a plant chemist may be safe in regarding 
the zinc contents of his plant solution present as potassium-zinc 
cyanide, provided the results of titration with excess of soda show 
that there is sufficient cyanide in solution to permit of the zinc 
being in this condition, and, therefore, by deducting the amount of 
cyanide necessary to convert the known amount of zinc present 
into potassium-zinc cyanide from the amount shown by titration 
with excess of alkali and the indicator, the amount of free cyanide 
is known. 

This examination of a plant solution should be made every few 
days, at the very least once a week; many operators would then 
become alive to the fact that they are using potassium-zinc cyanide 
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638 W. H. Virgoe: Zinc on Cyanide Plants [DEC. 1903 

alone as a solvent, and would understand why their extractions, 
especially in the case of silver, are lower than they should be. 
More especially is this likely to be the case with dilute slimes plant 

.solutions, which solutions are in need, if anything, of more careful 
watching than strong solutions, because, being very dilute, it 
requires but the solution of very little zinc to convert all the free 
potassium cyanide into potassium-zinc cyanide, and the further 
solution of zinc can only occur as a zincate of an alkali, and it can 
be very well understood that the addition of free cyanide to such 
a solution must first convert this zincate of alkali into the double 
salt- before the solution can contain any free cyanide at all. 

Where poor precipitation from slimes plant solution occurs it is 
necessary to know whether there is enough free cyanide in solution 
to dissolve the zinc hydrate produced by electrolytic action on the 
surface of the shavings in the boxes, and the addition of free 
cyanide is absolutely no criterion that this is the case. 

An excess of alkali in the form of lime is absolutely necessary in 
all solutions, and sump tanks should be wide and shallow, rather 
than narrow and deep, and not so closely covered in as to prevent 
the free access of the atmosphcre. In estimating zinc in a cyanide 
solution it is preferable to decompose the solution with hydrochloric 
acid alld boil off the hydrocyanic acid fumes before evaporating to 
dryness, because if this be not done the zinc contained in the 
evaporated residue is found to be in an exceedingly insoluble form, 
being in combination with some organic acid resulting from the 
decomposition of cyanide solution during the evaporation, and 
requires careful and long digestion with concentrated sulphuric acid 
before it can be all made to dissolve. 

DISCUSSION PUBLISHED DECEMBER, 1903 

Mr W. A. Caldecott-With regard to the suggestion ill Mr 
Virgoe's valuable paper that solutions should be "allowed to accumu
late a certain degree of value before being passed through the zinc 
boxes," this plan is actually common practice in Rand slimes treat
ment, in the form of using the unprecipitated second wash for making 
up and enriching the first wash, which is passed through the boxes. 
In sand treatment, however, I presume Mr Virgoe would recommend 
leachings low in gold being used for washing another charge before· 
entering the boxes. This plan was, I believy, tried at the Hobinson 
sand plant in the early days, but subsequent ·experience condemned it 
on the ground that the thorough washing out of soluble gold from 
a charge proved to be so lengthy an operation that it was found 
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DEC. 1903 ] Effect of A lkali on Gold P1'ecipitation 639 

better practice to at once precipitate the gold in 'all solutions 
leached off, and to apply as washes only solutions as gold-free as 
possible. 

In view of Mr Packard's paper on the use of zinc dust instead of 
shavings, read at a meeting of this Society on June 17,1899,1 Mr 
Virgoe's remarks, written at a latter date, are of great interest, and 
serve to justify the conservative attitude here, which has refrained 
from introducing the use or zinc dust on a large scale until the 
patentees could prove its merits "by the pUblication of practical 
statistics. " 

The losses of zinc caused by contact with iron surfaces I do not 
think amount to much in practice with our ordinary weak solutions, 
as a slight coating of rust and calcium sulphate deposited from the 
solutions appears to act as a pretty effectual insulator. 

I am pleased to observe that Mr Virgoe confirms the observation 
made in the paper by Mr E. H. Johnson and myself on the de
leterious effect of excessive alkali on precipitation, though we are 
inclined to consider caustic soda even worse than calcium hydrate 
from this standpoint. 

As a corrective of such alkalinity I should consider addition of 
sodium bicarbonate likely to be advantageous in neutralising both 
the free alkali and the calcium sulphate, thus-

CaS04 + Ca(OH)2 + 2NaHC03 = 2CaC03 + Na2S04 + 2H20 

If carried far enough, the result would be a mixture of hydro
cyanic acid and potassium cyanide in solution, as }ollows :-

2CaS04 + 4KCN + 2NaHC03 = 2HCN + 2KCN + K 2S04 + 
Na2S04 + 2CaC03 

Hence this would also incidentally serve the purpose affected by 
Mr Crosse's method of using sodium carbonate for solutions 
saturated with calcium sulphate obtained by treating acid slimes. 
The reagent would in this case, of course, have to be added before 
the solution enters the sand filters above the precipitation boxes. 

The division by Mr Virgoe of zinc losses as mechanical and 
chemical might be extended by sub-dividing the latter into zinc 
passi.ng into solution and zinc remaining, principally as zinc hydrate 
in the boxes and necessitating additional expenditure when smelt
ing the precipitate. With regard to this zinc hydrate, the ferro
cyanides in the solutions, especially those passing through the 
weak boxes, appear to react with it to a certain extent, forming a 

1 Proceedings of this Society, Vol. 11., pp. 720-722. 
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complex zinc ferrocyanide, insoluble in dilute sulphuric acid, which 
serves to account for the limited amount of iron and cyanogen 
found in the zinc box precipitate. Whilst quite agreeing with the 
author that the formation of zinc cyanide in the boxes is negligible, 
otherwise enormous volumes of hydrocyani~ acid would be evolved 
during acid treatment, the above mentioned reaction may account 
for the cyanogen compounds existing in the zinc gold slimes. 

Mr Virgoe's reference to the importance of uniformly cut zinc 
and of surface area presented-not merely weight of zinc-em
phasises an often neglected point, and I trust we shall soon have a 
contribution on this subject from some member of the Society 
operating one of the new zinc lathes, with data as to its improved 
capacity and any other advantages claimed for it. 

In regard to the formation of double carbonate of 'lime and zinc 
the author's hypothesis appears feasible, and suggests a means of 
regenerating working solutions either by carbon dioxide or sodium 
bicarbonate, but it is possible also that a certain amount of calcium 
carbonate may be due to oxidation of the cyanide solution in 
the boxes by hydrogen peroxide formed as described by Pro
fessor Prister. An incomplete equation is suggested to explain 
the formation of calcium carbonate in the Mercur boxes by Louis 
Jainin, jun. (The Mineral Industry, Vol., I., 1893, page 268). It is 
not difficult to construct an equation involving the formation of 
ammonia and methylamine, which serves to explain the reaction, 
thus-
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APPENDIOES 

I 

PROCEEDINGS AT MONTHLY GENERAL MEETINGS 

JULY 4, 1903-Adjourned Meeting 

.AN adjourned meeting of The Chemical, Metallurgical and Mining Society of South 
Africa was held on Saturday evening, the 4th July, 1903, in the Council Chamber 

·of the Chamber of Mines Building, Johannesburg. The proceedings at the outset 
were presided over by Mr J.-R. WILLIA~!S, the outgoing President, and there was a 
·.total attendance of 54, as follows :-

36 Members-Messrs S. H. Pearce (President), W. A. Caldecott, E. H. Johnson, 
-J. Yates (Vice-Presidents), F. Alexander, A. F. Crosse, W. Cullen, Clement Dixon, 
J. R. Williams (Council), R. A. Alston, G. Andreoli, W. Begbie, W. Boyd, J. H. 
Combellack, P. W. Dace, J. III. Eaton, R. L. Edmiston, R. Gascoyne, S. H. Hart, 
A. Heymann, A. a1cA. Johnston, 'V. M. Law, A. Mennie, Dr. Moil', H. H. Morrell, 
P. 'r. :M:orrisby, W. J. North, R. E. O'Reilly, P. S. Tavener, W. Taylor, W. H. 
·Tuohy, L. E. Wainwright, H. Warren, H. R. S. Wilkes, J. A. Wilkinson, C. H. N. 
Williams. . ._ 

7 Associates-Messrs. A. E. Adams, J. W. Carter, A. Kressmann, E. J. Lawrence 
F. L. Piddington, C. Schertel, A. D. Viney. 

10 Visitors, and Fredk. Rowland, A.C.l.S., Secretary. 
The Retiring PRESIDENT :-Gentlemen, my duty this evening is really very easy. 

It is to vacate the Chair in favour of your new President, Mr. S. H. Pearce. -In 
·doing so, I want to thank you for making my duties so easy in the past, and I trust 
you will give the same cordial support to my successor as you have to me. I 
vacate this Chair with a good deal of regret and yet a great deal of pleasure. The 
pleasure part of it is that I think you have got a better man in your President than 
in your past President, and alEO I think that there is a good deal in being once more 

·a free lance. I trust that all you gentlemen will do as you did in the old days-hit 
as hard as ever you can, but always above the belt. I have now much pleasure in 
vacating the Chair in favour of Mr S. H. Pearce. 

Mr S. H. Pearce then took the Presidential Chair and said: Gentlemen, I believe 
it is the usual thing when a newly-elected President takes the Chair at the first 

. ordinary meeting to read an add ress. I am extremely sorry I shall have to claim 
your indulgence, because this is not an ordinary meeting, although the notice says 
it is. It is a special meeting for carrying on that business which should have been 
held at the last meeting, the time of which was occupied in electing officers. I do 
not want to take your time up this evening by making any remarks, so I will ask 
Mr Heymann to read his paper on "Some Mine Gases: their Toxicology and 
possible Connection with Miners' Phthisis." 

Mr A. Heymann read the paper and was accorded a vote of thanks on the pro
position of the President, seconded by I\Ir J. R. Williams. 

Mr E. D. Chester read a paper in two parts, ~ntitled, "A System of Crushing 
Rock, in stages by Wet Process, and suggestions as to how this object can best be 

. achieved " (Part 1.), and" A Further System of Crushing Rock in two stages, by 
Dry Process, with High Class Cross Grinding Rolls" (Part II.). 'l'hese two parts 
were discussed by Messrs A. F. Crosse, J. R. Williams. W. A. Caldecott, F. F. 
Alexander, C. Dixon, J. Yates, H. R. S. Wilkes, and the President. 

Discussion was continued on Mr F. Alexander's paper on "Notes on the Common 
Practice of Quartz Milling on the Rand," by Messrs K. L. Graham, A. H. Hartley, 
H. T. Durant, and Mr E. J. Lawrence (see Vol. III. pp. 320-326). 

The following discussion on Mr A. F. Crosse's paper, "The Regeneration of 
Working Cyanide Solutions where Zinc Precipitation is used," by Mr John Watson, 

643 
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Mr A. Whitby, and Mr H. T. Durant, were taken as read (see Vol. III. pp. 27~ 
278). 

The meeting then closed. 

JULY 18, 1903 
The ordinary General Meeting of the Society was held on Saturday evening, July 

18th, in the Council Chamber of the Chamber of Mines Building, Johannesburg. . 
·Mr S. H. Pearce (President) occupied the chair and there was a total attendance· 

of 101, as follows: 
59 Members-Messrs W. A. Caldecott, J. Yates (Vice-Presidents), A. F. Crosse 

J. R. Williams (Past Presidents), T. L. Carter, W. Cullen, C. Dixon, R. E. Han A~ 
Whitby (Council), F. Allen, W. Boyd, G. Buchanan,. G. L. Burnett, G. Carter,' H. 
S. Denny, .J. Drought, J. M. Eaton, R. L. EdmIston, C. P. Edwards, N. M. 
Galbreath, C. T. Gardiner, R. Gascoyne, F. N. Hambly, J. Hanrahan, S. H. Hart,. 
A. H. Hartley, S. B. Hutt, A. Heymann, T. Johnson, A. McA. Johnston, R. L. 
Kerr, C. W. Lee, A. McNaughtan, G. Melvill, W. E. C. Mitchell, P. T. Morrisby. 
R. D. Newland, J. D. O'Hara, A. E. Payne, C. H. Pead, D. E. Powrie, I. Roskelly:. 
G. H. Royse, A. Salkinson, C. B. Saner, B. C. T. Solly, A. L. Spoor, W. McD. 
Stokes, P. S. Tavener, W. Taylor, Jas. Thomas, M. Torrente, E. C. Townsend J. 
Watson, H. R. S. Wilkes, D. Wilkinson, J. A. Wilkinson, M.A., C. H. N. Willi~ms. 

15 Associates-Messrs A. E. Adams, W. W; Anderson, C. B. Brodigan, 'f. S. 
Bromley, J. Davidson, C. L. Johnson, J. W. Kilby, A. Kressmann, G. A. Lawson 
E. J. Lawrence, C. A. Robinson, L. J. Robinson, H. Rusden, W. Tyson, A. D: 
Viney.. . . 

26 Visitors and Fred. Rowland, Secretary. 

MINUTES 

The President-I move that the minutes of the Annual and adjourned General 
Meetings be taken as read and confirmed. This was seconded and agreed to. 

NEW MEMBERS 

Scrutineers baving been appointed a ballot was taken and the following candidates, 
for election were declared elected :-

Messrs John William Scott Beatty, John Black Boyd, John James Bristol, B.Sc.,. 
Henry Llewellyn Brook, Paul Richard Camerer, William McCallum Cameron,. 
Edward Descou Chester, William Colbert, B. I. Collings, R. F. Donaldson, John C: 
Edmunds, Frederick Charles Frey, John Grant, Alexander Edward Hughes, Jame", 
Paul Johnson, Fred Furze Kennedy, Charles Edward Knecht, L. Lavenstein, James' 
Lea, Robert Heslop Manners Mann, James Philip McKeown, John Thomas Mitchell, 
Reginald Nicholls, Harry Oliver, August Schramm, Harry Goodfellow Sellon-Sellon, 
Leslie Simon, George Osler Smart, Andrew Neilson Stuart, G. H. Thurston, Frederick 
William Watson, B.Sc., A.I.C., Harry Denham Wedlake, Percy Whyte, ltichard 
Parry Williams. 

The .Secretary notified that the following gentlemen had been admitted as 
Associates by the Council since the last meeting :~ 

Messrs John Allingham, Charles William Devenish, John Whitelaw Hill, Alfred 
Perkins Jordan, Henry Ernest McDonnell, Ernest Albert Osterloh, John Hawthorne. 
Wilson. 

The President-With the 7 Associates admitted, and the 35 Members elected this. 
evening (one of whom was transferred from the Associate Roll to full Membership),. 
our net increase in Membership to-night is 41. 

THE SOCIAL DINNER, AND PRIZE SCHEME 
The President explained that they had had the first of their social dinners that. 

evening, which had proved an immense success. Thirty-five Members had attended 
and all were pleased with the good dinner and a pleasant reunion. Continuing, he· 
said: I should also like to bring' a matter before you in reference to the prize 
scheme,- which was touched upon in the Report. /of the Council at the Annual 
Meeting. In that Report it was only mentioned that the prize scheme was under· 
consideration. As a matter of fact they have done a great deal more than that. 
It is a scheme for the institution of prize. for the best paper. given during the year, 
and I am pleased to say that we have gone still further into the matter since the. 
Annual Meeting, and we have received so much support from the financial hou~es. 
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that the success of the scheme is practically assured; in fact, I may say it is 
assured. I am unable at present to give you the details of the scheme, f?r since the 
original draft was made we have had to modify it a great deal, as some of the 

.subscribers have expressed a wish that certain special prizes should be given which 
were not in the original scheme. The whole matter will also have to be considered 
by the present Council before it is finally fixed, but there is one thing you may take 
for granted, that all the papers which have been read before the Society during the 
present year will be considered as having entered into the competition. 

CONCESSION CERTIFICATES 

The Secretary here stated that at the Annual Meeting several Members com· 
plained that their concession tickets were not granted by certain station'masters. 
He had had two definite complaints given him, which he had forwarded to the Chief 
'Traffic Manager. In reply, he had received a voucher for one gentleman in repay· 
ment of the amount overpaid and he had been promiAed the other. The Traffic 
Manager had written him, stating that the parties at fault had been suitably taken 
up with. 

PRESIDENT'S ADDRESS 

The President then delivered his inaugural address. On the proposition of Mr 
W. Cullen, seconded by Mr John R. Williams, and >upported by Mr M. J. Farrell, 

.a hearty vote of thanks was passed, to the President, which was suitably 
,acknowledged . 
. Mr H. S. Denny read a paper entitled "Observations on the lIIetallurgical 

.Practice of the Witwatersrand," and was accorded a hearty vote of thanks on the 
proposition of the President, seconded by Mr J. Yates. 

Papers by Mr James Higham entitled" An Automatic Pulp Sampler," by Mr 
Tom Johnson on" The Yentilation of Deep Levels," and by Messrs W. A. Caldecott 
and E. H. Johnson, on "The Precipitation of Gold from Cyanide Solutions" were 
taken as read and ordered to be printed, 

Discussion ensued on the following papers :-
Mr F. Alexander's paper entitled "Notes on the Common Practice of Quartz 

Milling on the Rand" being discmsed by Mr A. M. Day. and Mr A. L. Edwards, 
(see Vol. III. pp. 327-329); Dr J. Moir contributed to the discussion on Mr A. F. 
Crosse's paper on the" Regeneration of Working Cyanide Solutions" (see Vol. III. 
p. 278) ; and. Messrs W. A. Caldecott and R. M. Catlin contributed to the discussion on 
the paper by Mr E. D. Chester, entitled "A System of Crushing Rock in Stages, 
·etc.)) 

'l'he meeting then closed. 

AUGUST 15,1903 

The ordinary Monthly General Meeting of the Members of The Chemical Metal. 
lurgical and Mining Society of South Africa "as held in the Council Chamber of 
the Chamber of Mines on Saturday evening, August 15th 1903. 

Mr S. H. Pearce (President) occupied the chair, and there was a total attendance 
·of 99, as follows :-

67 Members-Messrs W. A. Caldecott, J. Yates (Vice·President), A. F. Crosse, J. 
R. Williams (Past Presidents), F. Alexander, W. T. Anderson, W. Bradford, P. 
Carter, T. L, Carter, C. Dixon, R. E. Hall, Dr W. C. C. Pakes, A. Whitby, D. J. 
Williams (Council), Dr Chas, Porter, J. F. Bagshaw, P. Barrett, W. Beaver, G. 
Bernfeld, P. Billyard, J, G. Blackmore, P. W. Dace, J. Drought, R. Dures, J. M. 
Eaton, R. L. Edmiston, P. Edwards, C. M. Egan, J. K. Erskine, S. H. Hart, H. 
Hay, A. Heymann, J. Higham, B. Hollis, A. McA. Johnston, C. E. Knecht, C. W. 
Lee, R. H. Mann, A. Mennie, H. Meyer, J. T. Mitchell, W. E. C. Mitcheli, Dr J. 
Moir, P. T. Morrisby, S. Newton, J. D. O'Hara, A. E. Payne, A. Richardson, I. 
Roskelley, G. H. Royse, C. B. Saner, A. Schramm, H. G. Sellon, A. L. Spoor, P. S. 
'Tavener, B. E. Tennent, J. E. Thomas, M. Torrente, L. E. Wainwright, H. Warren, 
H. R. S. Wilkes, J. A. Wilkinson, C. H. N. Williams, G. W. Williams, H. V. 
Williams. 

8 Associates-Messrs A. E. Adams, T. S. Bromley, J. W. Carter, E. H. Croghan, 
..:T. W. Kilby, Dr Macaulay, H. Rusden, A. D. Viney. 

23 Visitors, including the following members of the Transvaal Medical Society: 
Dr A. Bensusan, Dr W. D. Fraser, Dr L. G. Irvine and Dr G. Murray; and Fred 
ltowland, Secretary. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Proceedings, of Mont,hlyMeetings 

MINUTES 
The President-I formally move that the minutes of our last meeting as published 

in the Journal be takeri as read and confirmed. Mr J. Yates seconded the motion,. 
which was agreed to. ' 

NEW MEMBERS 
'Scrutineers having been appointed, a ballot was taken and the following candidates, 

were declared elected. 
Messrs William John Amor, Kingsley Dunbar Anderson, James Arthur, Edward 

L. Bateman, Ben Bradley, Sydney Edward Button, Robert M. Catlin, C. W. Chater, 
George Somerset' Cochrane, George Henry Davies, Frank E. Elmore, James 
Fergusson, J. M. Fraser, M. Herman, C. H. Horst, James Edward Lea, Alfred 
Lichtenstein, Donald Macaulay, (Transfer from Associate Roll), Donald McKay 
Macleod, R. S. Minnie, John James Moil', Percy Melrose Newhall, E. G. Palmer, 
John Rankin Hastie Robertson, Thomas William Simmons, William Smith, M.I. M.E., 
M.I.M.M., R. Wood, Hamilton Young. " 

The Secretary read out the names of the gentlemen who had been admitted 
Associates since the previous meeting and the first student member of the Society. 

Cyril Hyland Browne, Robert Henry Clayton, B.Sc., Alexander Kohler Gray" 
Harry Vincent Wallace, and Percy Albert Wagner (Student). 

The President said he was glad to inform them that those elected, together with 
the Associates arid student admitted, numbered 33. This, however, included one 
transfer to membership, so that their net increase was 32, making a total member
ship of 809. 

VISIT TO THE DYNAMITE FAC,['ORY 
, The President explained that the postponement of this visit was due to the difficulty' 

in obtaining a special train to convey the members to the Factory, as the Railway 
Company stated that there was a football match on that day, and, therefore, could 
not give a special train. It was, therefore, decided to postpone the visit until the 
22nd inst., on which date a special train would stop at all stations between Park and 
Elandsfontein to convey members to the Factory. The time of departure had not 
been decided upon, but due notice would be given, and he impressed upon them 
the necessity for any further applications to be included in the visit should reach 
the Secretary on Monday morning. 

MINER'S PHTHISIS 
The President-On our agenda paper for to· night we have various matters for 

discussion, but, owing to the generally expressed wish that we should invite the 
Medical Association to take part in the' discussion on Mr Heymann's paper on 
"Some Mine Gases, etc.," and seeing that these gentlemen are here present, I 
think it only a matter of courtesy that we should discuss this matter before any· 
thing else, even if it is not first on the list. I have, therefore, very much pleasure 
in welcoming the presence of these representatives and in formally inviting them to 
take part in the discussion of Mr Heymann's paper, which I am sure will evoke a 
good deal of interest. 

Discussion was then continued on Mr A. Heymann's paper entitled" Some Mine 
Gases: their Toxicology and possible Connection with Miner's Phthisis" by Messrs 
A. McA. Johnston, Dr L. G. Irvine, DrD. Macaulay, Dr W. D. Frazer, Dr C. Porter; 
Dr W. C. C. Pakes, Wager Bradford, A. F. Crosse, W. A. Caldecott and the 
President . 
. '.' Notes on the Common Practice of Quartz Milling' on the Rand" (Mr F: 

Alexander) was further discussed by Messrs P. S. Tavener, D. J. Williams, and',J; 
R. Williams, (see Vol. iii. pp. 329·335). Mr E. Blume contributed to the discussiori 
on Mr E. D. Chester's paper" A System of Crushing Rock in Stages, etc." 

The meeting then closed. 

BEP1'EMBER 5, 1903-Extra General Meeting 

An Extra General Meeting of the members of the Society was held in the Chamb81" 
of Mines on Saturday evening, September 5; the President, Mr S. H. Pearce, iu' 
the chair. There was a total attendance of 81, as follo'lj's :-

56 Members-Messrs W. A. Caldecott, J. Yates (Vice·Presidents), A. F. Crosse~ 
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J. R .. Williams (past Presidents), F. Alexander, R. G. Bevington, T. L. Carter, W. 
Cullen, C. Dixon, R. E. Hall, Dr W .. · C. C.' Pakes, A. Whitby, D. J. Williams 
(Council), G. S. S. Anderson, K. Dunbar-Anderson, G; Andreoli, P. Billyard,W. 
Boyd, 'J. B. Carper, E. H Christopherson, P. W. Dace, J. Davies, J. Drought, J. E, 
Eisenstaedter, G. G. Ferris, N. M. Gall>reath, C.·T. Gardiner, J. Gaze, J. Hanrahan. 
SoH. Bart, A. Heymann, T. JQhnson, T. S. Jolly, E. D. de Lacy, G. Melvill, W. E. 
C .. Mitchell, Dr Moir, H. H. Morrell, E. G. Palmer, C. H. Pead, A. Richardson, 1. 
Roskelley, C. B. Saner, G. Seeton, A. L. Spoor,- P. S. Tavener, M. Torrente, E. C. 
Townsend, H. Warren, R. R. S. Wilkes, D. Wilkin"on, J. A. Wilkinson, C. H. N. 
Williams, G. W. Williams, W. J. Williams. . 

13 Associates-Messrs R. Billington, B. W. Durham, W. Griffiths, J. W. Kilby, 
E. J. Lawrence, A. N. Locke, F. B. Massey, F. L. Piddington, J. A. Pringle, C. A. 
Robinson, H. Rmden, A. D. Viney. A. L. Wright. 

11 Visitors, and Fred. Rowland (Secretary). 
The President-Gentlemen, this meeting is not an Ordinary Meeting, being called 

as an Extra General Meeting for the purpose of continuing the discussion on previous 
papers, and I will ask, first, for any discussion on " The Common Practice of Quartz 
Milling on the.Rand," by Mr F. Alexander. . 
·····Mr R. E. Hall, and Mr G. Melvill made short contributions to this discussion (see 
Vol iii. page 336). 

Messrs·A Heymann, T. Lane Carter, J. R. Williams, F. Alexander, R. E. Hall, W. 
A. Caldecott, M. Torrente, C. H. Pead, P. S. Tavener, H. H. Morrell, the author 
and the President contributed to the discussion of "The Regeneration of Working 
Cyanide Solutions where Zinc Precipitation is used," by Mr.A. F. Crosse. (See Vol. 
iii. pp. 278-286). 

Dr J. Moir, Mr J. A. Wilkinson, Dr W. C. C. Pakes, Mr W. Cullen, and the 
author discussed" Some Mine Gases etc. " by Mr A. Heyman. 

The meeting then closed. 

SEPTEMBER 19, 1903 
.' The ordinary General Meeting of the members of The Chemical, Metallurgical and 

Mining Society of South Africa was held on Saturday evening, September 19th, 
1903, in the Council Chamber of the Chamber of Mines, a large number of whom 
prior to the meeting having attended the social dinner of the Society, held at the 
Corporation Restaurant. 

Mr S. H. Pearce presided, and there was a total attendance of 130, as follows :-. 
84 Members-Messrs J. Yates (Vice-President), .J. R. Williams (Past-President), 

F. Alexander, P. Carter, T. L. Carter, W. Cullen. C. Dixon, R. E. Hall, Dr W. U. 
C. Pakes, A. Whitby, D. J. Williams (Council), W. J. Amor, H. C. Beadon, W. K. 
Betty, P. Billyard, G. Buchanan, D. V. Burnett, J. B. Carper, G. Carter, C. Chater, 
J. S. Cochrane, J. H. Combellack, P. W. Dace, G. H. Davies, F. Drake, J. Drought, 
R. L. Edmiston, C. P. Edwards, D. Erskine, J. K Erskine, C. T. Gardiner, J. 
Gaze, K. L. Graham, J. Grant, S. H. Hart, A. Hebbard, S. A. Herbert, A. Heymann, 
J. Higham, T. Johnson, A. McA. Johnston, E. D. de Lacy, J. Lea, Dr D. Macaulay, 
R. H. Mann, E. Martin, G. Melvill, A. Mennie, H. Meyer, W. E. C. Mitchell, Dr J. 
Moir, J. J. Moir, H. Monckton, H. H. Morrell, P. T. Morrisby, P. Newhall, R. D. 
Newland, J. D. O'Hara, E. G. Palmer, A. E. Payne, R. G. C. Pitt, R. W. Reading, 
A. Richardson, I. Roskelley, G. H. Royse, C. B. Saner, H. W. Scott, A. L. Spoor 
P. S. Tavener, W. Taylor, J. W. Teale, W. T. Temby, Jas. E. Thomas, M. Torrente, 
E. C. Townsend, P. Q. Treloar, W. H. Tuohy, L. E. Wainwright, J. Watson, H. R. 
S. Wilkes, J. A. Wilkinson, M.A., C. H. N. Williams, G. W. Williams. 

14 Associates-A. E. Adams, W. W. Anderson, F. A. Bawden, C. H. Browne, J_ 
W. Carter, E. H. Croghan, W. Griffiths, J. W. Kilby, E. J. Lawrence, F. L. 
Piddington, H. Rusden, W. Tyson, A. D. Viney, A. L. Wright. 

:n Visitors, and Fred Rowland, Secretary. . 

MINUTES 

The President opened the meeting by moving formally that the minutes of the 
last meeting, as published in the Journal, be taken as read. Mr Yates seconded the 
motion, which was agreed to. 

NEW MEMBERS 

Dr Moir and Mr Wilkinson having been appointed as scrutineers, a ballot was 
taken and the following candidates for election were declared duly elected. 
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William Ernest Barron, Charles Alfred Beadle, William Ruddle Browne, Fred 
Cindel, W. Cooper, William Dyer Fra~er,. James Richard Gibson, John rOns, 
Thomas E. Johns, R. B. Johnstone, Henry Lea, Henry Francis Olds, George 
Soane Roby, Wilfred Henry Roe, Samuel Russell, William R. Shimmin, Tom 
Simpson, Sidney Harold Steels, H. E. Hume Taylor, James Hunter Taylor, Enoch 
Wall, Lewis John Williams, William Henry Winckworth. 

The Secretary notified the names of the following associates admitted by the 
Council since the last meeting .:-Arthur Richard Canning, Cecil Robert Eustace, 
Robert Fiander, John Hiddleston, Herbert Ashton Megraw, James .Gibb Peebles, 
Norman Rollitt, Leonardl'resley Seal, William Snelson Shenton, James Bruce Stene, 
Frederick Peter Wannenburgh. 

THE PRIZE SCHEME 

The President-I have an announcement to make in regard to the prize scheme 
which has been previously mentioned. We have now a scheme to go upon. We 
have decided to award five prizes annually for three years for five different subjects, 
for which we have already collected or been promised subscriptions. The matter, 
which has been passed bi the Council and approved of by the donors, is as follows :-

It is recommended that the supscriptions be pooled and divided into annual 
prizes of £50 each, accompanied by a gold medal and diploma, as follows :-

1. Prize for Mining. 
2. Prize for Milling. 
3. Prize for Cyaniding. 
4. Prize for Chemistry, pure and applied. 
5. Prize for Metallurgy (other than Milling and Cyaniding). 
CONDITIONS :-(,,) In awarding the prizes submitted for competition by members, 

associates and students, all papers other than those by Hon. Members to be 
considered. 

(b) The above awards to be made by specially constituted Committees, consisting 
of three members of the Society for each class, to be elected at a Special General 
Meeting of the Society, such Committees having power to refer selected papers to 
one or more competent authorities. The awards to go by a majority of votes and to 
be confirmed by the Council. . 

(c) No one to be awarded the prize. in the same class two consecutive years. 
(d) During the first year, ending June, 1904, no Member of the Council may 

receive the cash prize, but may be awarded a Society's medal and diploma. In the 
event of anyone of the Council being credited with the best contribution in any 
class, such Member of Council would be awarded a Society's medal and diploma, 
whilst the cash prize, accompanied by a diploma, would fall to the ordinary member 
giving the best paper in the same class. 

(e) No one to be eligible for more than two prizes or two medals in the same year. 
(f) In awarding the prizes, papers dealing withpr having application to the South 

African Mining Industry to have preference. In the event of the prize awarding 
Committees considering that any paper submitted is not of sufficient interest to 
merit a prize the prize may be withheld. 

(g) No competitor to be allowed to adjudicate upon hi" own paper.· 
(It) In the event of circumstances arising such as are not provided for in the above. 

:onditions the Council shall have power to deal with the same. 
A sixth prize of £50, accompanied by the Society's special gold medal and diploma, 

for the paper of the greatest utility to the Mining Industry, shall be open to the 
whole membership of the Society, and the adjUdicating Committee shall consist of 
those Members of the Council who do not compete, with power to take advice from 
expert authorities. 

PRESENTATION TO MR JOHN R. WILLIAMS 

The President-Gentlemen, in reference to the prize scheme, the particuiars of 
which I have just enumerated, I should like to state, for the benefit of those of you 
who are not aware of the inner workings of the Executive affairs, that its practical. 
success is almost entirely due to the efforts made by your late President, Mr J. R .. , 
Williams,. and it is my pleasant duty to be the spokesytan of the Council in record
ing our indebtedness to him, not only in this matter, but upon all matters' of' the 
Society's business with wbich he has been connected, and when J say that you will 
probably guess the truth in that it covers practically all the Society's business since 
he took an active part in its affairs. I have no wish to make Mr Williams blush br' 
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The Prize Scheme 

reiterating a list of all he has done for the Society, in fact both he and yourselves 
would be much wearied before I got through with it ; but there is one fact that I 
feel it my duty to mention, and that is the manner in which he is always ready to 
appreciate the services of others and to modestly depreciate his own; but I may 
say that, however praiseworthy this ma.y be on his part, it is a matter on which he 
quite fails to convince us of, as opposed to our deference to his opinions and state
ments as a rule for which we have always a great respect_ It is, therefore, with 
considerate gratification on my part that I am able to assure him he is wrong for 
once, and, to put the matter to practical proof, to inform him that the Council 
·decided to mark their appreciation of his endeavours on behalf of the Society by 
asking him to accept a momento of tbe indebtedness of the Society for his valuable 
.services, assuring him of our knowledge that the present position of the Society is 
largely due to his efforts. 

Turning to Mr Williams, the President here handed him a handsome set of silver 
.salvers saying: "Mr Williams, I have much pleasure, on behalf of the Society, in 
presenting you with this small token of their appreciation and as a mark of the 
,affection and esteem in which we all hold you. The inscription reads as follows:
'Presented to J. R. Williams, Esq., by The Chemical, Metallurgical and Mining 
Society of South Africa as a token of appreciation of services rendered. J ohannes
burg, 19th Sept.'" 

Mr J. R. Wi1liams-Mr President, Comrades and Friends, it is not very often 
I feel any scruples or diffidence in speaking before you. You have known me for a 
very long time, but our President has taken all the wind out of. my sails by trying 
to say what I have done for the Society. After all is said and done, it has been 
entirely a labour of love with me, and if I have accomplished anything at all 
1 have just been following the dictates of my own heart. r can assnre all of 
you that, in accepting this kind memento, which really I knew nothing at all about, 
I am very pleased to see it is something that Mrs Williams will value, and I can 
assure you Mrs Williams has as keen an interest in the Chemical, Metallurgical 
and Mining Society as her husband. Gentlemen, I can say no more, except to 
express my very heartfelt thanks for the appreciation you have shown for my 
.small services, but I trust in future I will be able to do more than I have done in 
the past. 

Thefollowing ]Japers we;'e read:-
"Notes on Classification" by Messrs T. Lane Carter and D. V. Burnett; "A 

New and Rapid Method of Detecting and estimating Gold in Working 
Cyanide solutions" by Dr James Moir. 

The following p"pe1'S were discussed :-
1. Mr Fraser Alexander's paper: "Notes on the Common Practice of Quartz 

Milling on the Rand" by Messrs Walford Dowling, 1. Roskelley, C. H. Pead, 
A. F. Crosse, and the discussion replied to by the author (see Vol. Pro
ceedings, III. pp. 336-346). 

2. Mr Andrew F. Crosse's paper: "The Regeneration of \Vorking Cyanide 
Solutions where Zinc Precipitation is used" by Mr M. - Torrente, (see Pro
ceedings Vol. III. pp. 286-294). 

3. Mr A. Heymann's paper on "Some Mine Gases: their Toxicology and 
possible connection with Miner's Phthisis" by Messrs J. A. Wilkinson, W. 
Cullen, C. H. N. Williams, A. R Sawyer, Drs D. Macaulay and L. G 
Irvine, the meeting .then closed. 

OCTOBER 17, 1903 

The ordinary General Meeting of the members of The Chemical, Metallurgical and 
Mining Society of South Africa was held on Saturday evening, October 17, Ig03 at 
the Chamber of Mines, Mr S. H. Pearce (President) in the chair. There was a 
total attendance of 152, as follows :-

101 l\lembers-Messrs A. F. Crosse, J. R. Williams (Past Presidents), W. A • 
. Caldecott, J. Yates (Vice-Presidents), F. F. Alexander, R. G. Bevington, W. 
Bradford, P. Carter, T. L. Carter, Clement Dixon, R. E. Hall, Dr W. C. C. Pakes 
.(Council), R. A. Alston, K. D. Anderson, J. F. Bagshaw, W. E. Barron, W. Beaver, 
W. K. Betty, P. Billyard,' W. Boyd, W. Broom, D. V. Burnett, G. Carter, P 
·Cazalet, R. Clarkson, G. S. Cochrane, J. H. Combellack, W. Cooper" G .. H. Davies, 
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J. 'Davies, W. B. Dodds, F. Drake, J. Drought, R. Dures, J. M. Eaton, J. E. 
Eisenstaedter, J. K. Erskine, J, Faull, C. T. Gardiner, J. Gaze, K. L. Graham, H. 
R.' Grix, C. Hanlon, S. H. Hart, A. Hebbard, A. Heymann, A. C. Holtby, S. B. 

'Hutt, A. McA. Johnston, T., S. Jolly, F. F. Kennedy, R. L. Kerr, T. H. Lake, 
Dr D. Macaulay, R. H. Mann, E. H. _Martin, J. P. McKeown, A. Mennie, H . 

. Meyer, Dr James Moil', J. J. Moil', H. H. Morrell, P. T. Morrisby, R. D. Newland, 
S. Newton, J. D. O'Hara, E. G. Painler, A. E. Payne, C. H. Pead, Dr C. Porter, 
D. E. Powrie, E. P. Rathbone, 1. Roskelley, G. H. Royse, A. Salkinson, C. B. Saner, 
H. G. Sellon, G. O. Smart, A. F. Stewart, A. N. Stuart, J. H. Taylor, W. Taylor, 
A. Thomas, James Thomas, Jas. E. Thomas, W. T. Temby, M. Torrente, E. C. 
Townsend, J. E. Vaughan, H. Warren, F. W. Watson, John Watson, H. D. 
Wedlake, H. R. S. Wilkes, D. Wilkinson, J. A. Wilkinson, C. H. N. Williams, G. 
W. Williams, H. V. Williams, W. H. Winckworth. 

'22. 'Associates: Messrs_ A. E. Adams, F. A. Bawden, J. Caldow, J. W. Carter, 
'E. - H. Croghan, M. Eissler, A. H. Exton, W. Griffiths, J. Hiddleston, C. B. 
Hilliard, W. H. Jeffreys, C. L. Johnson, J. W. Kilby, F. Mills, F. L. Piddington, 

-G. A. Robinson, L. J. Robinson, H. Rusden, W. Tyson, C. J. Tytherleigh, A. D. 
'Viney, A. L. Wright. 
- 28. Visitors, and Fred. Rowland, Secretary. 

MINUTES 

-The President-Gentlemen, I will open this meeting by proposing that the pro
'ceetlings of the last meeting, as published in the Jonmal, be taken as read and 
confirmed. Mr J. Yates seconded the motion, which was agreed to. 

NEW MEMBERS 

The President-Our next business is the election of new mem bel's_ Messrs J. E. 
Eisenstaedter and E. H. Croghan acted as scrutineers, and reported that the follow
ing candidates for membership bad been duly elected :-

Messrs Dr Victor Alexander, Bernhard Bay, Ph.D., A. Ratcliffe Brown, 'l'homas 
P. E. Butt, Malcolm Fergusson, Dr Alexander F. Fuerst, F.1.C., F.C.S., Albert 
Gillies, Harry Denis Griffiths, Who Sch., A.R.S.M, I\LLM.E., M.LI\1.M., 
I\1.Am.1.M.E., H. Henderson, John Beresford Jobling, Walter Henry Jollyman, 
F.1.C., Richard Ovendale, George Robb, D. Ralph Robinson, Dr Charles Lane 
Sansom, Edgar Sims, Hector Stewart, A. Sutherland, Hugh 'Watson, John Freer 
Whitton, Gilbert Winslow, B.A. (Camb.), A.M.I.C.K, William Charles Mitchell 
Withers. 

The Secretary read the names of the gentlemen who had been admitted associates, 
since the last meeting :-

Messrs Alfrad Henry Allen, F.1.C., F.C.S., Robert William Leng, Bernard Leon 
-Badler, Arthur Silver. 

HOW GOLD IS DISSOLVED IN DUMPS 

Mr A. F. Crosse-I should like to mention an interesting little fact that I have 
noticed. To a great many of us it would be interesting to know how the gold is 
,dissolved in the tailings heaps. Some time ago I had occasion to examine the liquid 
exuding from the bottom of our dump. I found it to contain a large amount of 
ferrosoferric sulphates and potassium sulphocyanate, giving rise to the character
istic blood-red colour. I made some experiments and found that individually ferric 
sulphate and potas;ium sulphocyanate were without action on gold leaf, hut that 
when the solutions were brought together the gold leaf" as gradually dissolved. 
The old tailings heaps contain potassium sulphocyanate, and a3 the pyritic portion 
of the ore is decomposed it liberates the gold and forms ferric sulphate, which, 
together with the sulphocyan'tte, forms the necessary solvent. 

The President-Our thanks are due to Mr Crosse for bringing up this interesting' 
matter. The only thing I wish is that he could have brought it up in one of his 
happy little papers and have enlarged upon it. It would have given us food for 
thought and discussion hereafter. 

Mr E. Weiskopf read Mr VI'. Cullen's paper on, "The Manufacture of Nitro
Glycerine Explosives" and illustrated the paper with a large number of lantern 
views descriptive of the work carried on at the Modderfontein Dynamite Factory. 
(B; S. A. Explosives Co. Ltd.). 

Dr W. C. C. Pakes and Mr A. Heymann each exhibited slides showing specimens. 
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of Dust taken from the mines, the streets of Johannesburg and from normal and 
affected lungs. 

Mr Jas. E. Thomas read a paper on "Some Improvements in Cyanide Works 
Clean-up Appliances." . 

Mr A. F. Crosse read his reply to the discussion on his paper" The Regeneration 
of Working Cyanide Solutions where Zinc Precipitation is Used" (see Proceedings, 
vol. iii.; pp. 294-297). 

Messrs Dr C. Porter, Dr'V. C. C. Pakes, Prof. A. Prister discussed, and Mr A. 
:ij:eymann replied to the discussion on the latter's paper on "Some Mine Gases: 
their Toxicology and possible connection with Miners' Phthisis." -

,A. contribution by Mr A. Salkinson to the discnssion on Mr E. D. Chester's paper' 
on "A System of Crushing Rock in Stages by Wet Process" was taken as read. 

The meeting then closed. 

NOVEilfBER 21, 1903 
The ordinary General Meeting of The Chemical, Metallurgical and Mining 

Society of South Africa was held on Saturday evening, November 21, 1903, at the· 
Chamber of Mines, Mr S. H. Pearce (President) in tbe chair. There was a total 
attendance of 102, as follows:-

61 Members-Messrs A. F. Crosse, J. R. Williams (Past Presidents), W. A. 
Caldeeott, J. Yates (Vice-Presidents), F. F. Alexander, T. L. Carter, W. Cullen, C_ 
Dixon, J. Littlejohn (Hon. Treasurer), Dr W. C. C. Pakes (Council), J. F. Bagshaw, 
W. E. Barron, Dr Bay, H. C. Beadon, W. Beaver, W. K.· Betty, J. G. Blackmore, 
'V. Boyd, G. L. Burnett, G. Carter, F. 'V. Cindel, G. H. Cochrane, W. Colbert, J. 
H. Combellack, G. H. Davies, H. C. Dickson, J. E. Eisenstaedter, C. T. Gardiner, 
R. Gascoyne, J. Gaze, H. R. Grix, T. Johnson, W. H_ Jollyman, R. L. Kerr, H. 
Leupold, Dr Macaulay, J. McKeown, A. lIicNaughtan, R. H. Mann, G. Melvill, H. 
Meyer, J. J. Moil', P. T. B. Morrisby, R. D. Newland, S. Newton, J. D. O'Hara, E. 
G. Palmer, Prof. A. Prister, C. B. Saner, A. L. Spoor, S. H. Steels, B. E. Tennent,. 
M. Torrente, E. C. Townsend, W. H. Tuohy, H. A. White, H. R. S. Wilkes, D. 
Wilkinson, J. A. Wilkinson, G. W. Williams, W. C. IIi. Withers. 

16 Associates-Messrs 'V. W. Anderson, J. W. Cartel', E. H. Croghan, John 
Davidson, A. H. Exton, W. Griffiths, J. Hiddleston, C. L. Johnson, R. W. Leng, 
W. E. McCormick, J. A. Pringle, W. Rigg, H. Rusden, C. Schertel, F. P. 
Wannenburg, J. C. Watson. 

24 Visitors, and Fred. Rowland, Secretary. 

MINUTES 

The President-Gentlemen, in accordance with our usual custom, I will open the 
meeting by formally proposing that the minutes of the last general meeting as 
published in the Jow'nal be taken as read and confirmed. This was seconded and 
agreed to. 

NEW MEMBERS 
Messrs J. A. Wilkinson and C. B. Saner were appointed scrutineers, and after' 

taking the ballot, the following candidates for membership were declared duly 
elected :-

Messrs George Mostyn Adams, Harry John Alexander, Robert Charles Atkimon, 
James Black, Thomas Coles Burgess, Dr George Stnart Corstorphine, Ernest 
Dickson, Bernard John Hastings, H. G. Hubbart, Trevor William Jordan, Charles 
Herbert Mores Kisch, George MacMillan, William Nicklin, H. Fraser Roche, John 
Robert Thurlow, Leon Van de Vorst. 
- The Secretary announced that the following gentlemen had been admitted 
Associates since the last monthly meeting :-

Messrs Sidney Scott Kennedy, Karl Hildebrandt Moore, William Rigg, Harold 
Norman Spicer. 

THE HON. TREASURER 
The President-I should like to take the opportunity of calling your attention to· 

the fact that our esteemed friend and Hon. Treasurer has made his first appearance 
after a very long absence. (Applause.) There is an old saying that" Good wine 
needs no bush," and I do not think that I need add anything further, as you all 
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.know Mr Littlejohn's worth, and I am glad to see you have taken the matter up so 
heartily in giving him a welcome. 

Mr J. Littlejohn-Mr President and gentlemen, I cannot thank you enough for 
.your kind and generous sympathy towards me in my recent trouble. I can assure 
you that I greatly appreciate all your kindness to me, and I am pleased.to.tell you 
that I am practically quite well again. 

NEW SOLVENT FOR GOLD 
Mr H. A. white-I should like to ask Mr Crosse if he has anything further to tell 

'1.1s about the new solvent for gold that he has discovered. 
Mr A. F. Crosse-I do not know that I said anything about a new solvent for 

gold. You quite surprise me, and have taken my breath away. I read a good 
many years ago that McArthur & Forrest had brought out a patent for dissolving 
gold by certain products, and I certainly would not say that I had found out a new 
solvent for gold. I merely interded to make an interesting little remark, pointing 
out that neither sulphocyanide nor ferric sulphate by themselves have any effect 
on gold within a reasonable time, but the two together in a day or two gradually 
·dissolve gold leaf. I thought it was interesting enough to bring up before our 
Society, but I certainly did not mention it as a new solvent for gold. 
, Mr H. A. White-I should say Mr Crosse underrates his diseovery. From an 
·experiment I have made myself, it will dissolve gold in about one-third of the time, 
and, it seems to me, could be applied to such a thing as accumulated slimes, which 
give a lot of trouble. It is also very important with regard to extracting gold from 
residues. 

Mr A. F. Crosse-Whether it is important or not as regards extracting gold from 
residues, nature has so arranged it that sulphocyanide is a most stable compound in 
the residues, and it is there in the dump, and as the pyrites get greatly decomposed 
the gold is freed and is seized by the sulphocyanide plus the ferric sulphate and. is 
dissolved. 

Mr H. A. W11i.te-It all depends upon the dump. In the May C'onsolidated we 
have been using the Siemens & Halske process, and very little cyanide is thrown 
(lway in the dump_ Now, does the solution from the dump dissolve the gold unless 
sulphocyanide is added! I think there is a little more importance to be attached 
to Mr Crosse's statement. It is his modesty which prompts him to disclaim it. 

Tbe President-As I have before stated, I am only sorry Mr Crosse did not put 
it in the form of onc of his happy little papers_ Perhaps we may yet persuade him 
to~_ . 

A paper entitled "Underground Handling and Transport of Ore, chiefly 
in Reference to the Rand," by Messrs C. B. Saner and G. Carter, was read. 

Mr A. F. Crosse made a few remarks on the President's Inaugural Address. 
Messrs M. Torrente, A. F. Crosse, J. R. Williams, C. Dixon, F. F. Alexander, R. 

L. Kerr, E. H. Johnson, H. Leupold, A. L. Edwards, discussed M.r H. S. Denny's 
paper: "Observations on the Metallurgical Practice of the Witwatersrand." 

A paper entitled" A Dovelopment in Electrolytic Precipitation of Gold and Silver 
from Cyanide Solutions," by Mr E. M. Hamilton, was taken as read. 

The meeting then closed. 

DECEMBER 19, 1903 

The ordinary General Meeting of The Chemical, Metallurgical and Mining Society 
'of South Africa was held .on Saturday evening, December 19, 1903, at the Chamber 
of Mines, Mr S. H. Pearce (President) in the chair. There was a total attendance 
·of 82, as follows :-

66 Members-Messrs A. F. Cro£se, J. R. Williams (Past Presidents), W. A. Calde
cott, J. Yates (Vice-Presidents), F. F. Alexander, R. G. Bevington, P. Carter, T. L. 
Carter, W. Cullen, Clement Dixon. J: Littlejohn (Hon. Treasurer), Dr W. C. C. 
Pakes, A. Whitby, G. M. Adams, G. Andreoli, G. S. S. Anderson. J. Arthur, J. F. 
Bagshaw, M. Baumann, Dr B. Bay, J. W. S. Beatty, W. Boyd, D. V; Burnett, G. 
S. Cochrane, C. S. P. Edwards, Dr A. F. Fuerst, A. Gillies, C. Hanlon, A. H. 
Hartley, A. Hebbart, A. Heymann, H. G. Hubbart, A. McA. Johnston, W. H. Jolly
man, C. H. M. Kisch. T. H. Lake. W. G. P. Macmuldrow, R. H. Mann, J. McKeown, 
E. H. Martin, G. Melvill, A. Mennie, W. E. C. Mitchell, J. T. Mitchell, Dr J. Moir, 
H. Meyer, S. Newton, J. D. O'Hara, Prof. Prister, H. F. R,oche, 1. Roskelley, G. H. 
Royse, C. B. Saner, A. Schramm, W. R. Shimmin, A. L. Spoor, M. Torrente, E. C. 
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Townsend, W. Tuohy, H. Warren, F. W. Watson, J. Watson, J. A. Wilkinson H. 
V. Williams, W. H. Winckworth. ' 

9 Associates-Messrs A. E. Adams, J. W. Carter, R. W. Leng, J. A. Pringle, W •. 
Rigg. C. A. Robinson. L. J. Robinson; H. Rusden, C. Schertel. . 

6 Visitors, and Fred. Rowland, Secretary. 

MINUTES 

The President-We are rather unfortunate in holding our meeting on the same 
day on which we ha.e been glad to welcome our Governor back again, as it has had 
the effect of rendering this meeting rather late. However. as we have now a. 
quorum, I will open this meeting by formally proposing that the proceedings of our' 
last meeting, as published in the Journltl, be taken as read and confirmed. 
Dr Pakes seconded the motion which was agreed to. 

NEW MEMBERS 

Dr Moir and Mr H. Warren were appointed scrutineers and the candidates for 
election as members, as follows, declared duly elected :-

Messrs Stefano. C. B. Aimetti, Cecil Hugh Antrobus, Alexander Crawford, John 
MacLellan Frew, Herbert Hill, Henry Ewer Jones, J. J. Jones, Francis Blount 
Lewis, M.I.:M.E., Henry Percy De Pencier, M.Sc., R. H. Rodgers, Albert Ernest 
Symons, Edward' South Watson. 

The Secretary notified the names of the Associates admitted since the last 
monthly meeting as follows :-

Messrs Joseph Crowther, A.R.S.M., David Thompson Morris, Joseph Sayers, 
Francis'John Waycott. 

GENERAL BUSINESS 

The President-I have to apologise for the delay of our Journal. It is late this. 
time owing to the fact that we had photographs to reproduce which were sent to· 
Natal, and as they required re-touching, they were delayed in being sent back. 

Mr A. F. Crosse-I think I would like to congratulate the Editorial Committee 
upon the last Jou)·nal. 

Dr W. C. C. Pakes-And I also should like to congratulate the Editorial Com
mittee, in so far as I am concerned on the very excellent reproduction of the slides 
I gave on the screen here. They are really so good that I think the lateness of the 
Journltl is more than compensated for. 

The President-As none of the members seem desirous to bring forward any 
general business, in the first place I should like to express, on behalf of the Editorial 
Committee, their gratitude for the remarks made upon the Journltl. There is 
another matter I wish to mention. Most of you will remember, with a good deal of 
pleasure, the visit we had to the Modderfontein Dynamite Factory, and I am pleased 
to be able to state that negotiations are going on for another visit, this time to the 
Pretoria Locomotive Works, in conjunction with other societies, which is being 
arranged by the Chief Locomotive Superintendent in Pretoria. It is hoped that the 
visit will take place somewhere about the end of January, but the details have yet 
to be arranged. 

The paper by Mr F. L. Piddington, "Notes on Smelting and Cupellation," was 
read by the Secretary. 

The Secretary also read Mr H. T. Durant's paper entitled" Notes on the Limita
tions of the Cyanide Process." 

Prof. A. Prister read a paper on "A Colorimetric Method for the Determination 
of the Gold in Cyanide Solutions." 

Messrs W. A. Caldecott, A. F. Crosse, 1. Roskelley, and A. MeA. Johnston read 
contributions to the discussion on Mr H. S. Denny's paper: "Observations On the· 
Metallurgical Practice of the Witwatersrand." 

"The Ventilation of Deep Levels" by Mr Thos. Johnson, was discussed by Messrs 
T. L. Carter, fl_ Leupold, W. E. C. Mitchell, A. MeA. Johnston, DrW. C. C. Pakes,. 
and C. B. Saner. 

Messrs A. F. Crosse, J. R. Williams, C. Dixon discussed Mr J. Higham's paper, 
" An Automatic Pulp Sampler." 

Prof. A. Prister, Dr J. Moir. and Mr B. Blount, contributed to the discussion on. 
Messrs Caldecott and Johnson's paper on " The Precipitation of Gold from Cyanide. 
Solutions. " 
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The President, after wishing the Members a Merry Christmas and a ,Happy New 
Year which he trusted would be one that would be afterwards remembered as mark
ing a hew epoch in the history of the industry, declared the meeting closed. 

JANUARY 16, 1904 
,The ordinary General Meeting of the members of the Society was held on Saturday 

-evening, January 16,1904 in the Council Room of the Chamber of Mines, Mr S. H. 
Pearce (President) in the chair. There was a total attendance of ] 09, as follows :--

77 Members-Messrs J. R. Williams, W. A. Caldecott, J. Yates, F. F. Alexander, 
W. T. Anderson, W. Bradford, P. Carter, C: Dixon, R. E. Hall, J. Littlejohn, Dr 
W. C. C. Pakes, Dr Porter, Fabian Ware, A. Whitby, G. M. Adams, H. D. 
Anderson, J. Arthur, J. F. Bagshaw, 'V. E. Barron, B. Bay, W. Boyd, W: Broom, 
D. V. Burnett, G. L. Burnett, Geo. Carter, G. S. Cochrane, G. A. Darling, J. 
Drought, J. M. Eaton, A Gillies, J. L. Hamilton, C. Hanlon, S. H. Hart, A. H. 
Hartley, A. Heymann, 'r. Johnson, A. McA. Johnston, T. S. Jolly, W. H. Jollyman, 
K. B. Lamont, H. Lea, J. Lea, Dr D. Macaulay, R; H. Mann, J. D. Marquard; J. 
P. McKeown, A. McNaughtan, G. Melvill, A. Mennie, H. Meyer, W. E. C. Mitchell, 
Dr J. Moil', P. T. Morrisby, J. D. O'Hara, R. OvendaJe, A. E. Payne, H. D. de 
Pencier, W. Penman, Prof. A. Prister, R. W. Reading, H. F. Roche, R. H. Rogers, 
I. Roskelley, G. H. Royse, C. 'B. Saner, T. W. Simmons, W~ J. Simpson, G. O. 
Smart" A. L. Spoor, R. S. Stokes, P. S. Tayener, W. Taylor, B. E. Tennent, W~ 
Tuohy,'H: D. Wed lake, H. V. Williams: 

11 Associates-W. 'V. Anderson, J. W. Carter, E. 'H. Croghan, J. Hiddleston 
G. A. Lawson, R. W. Leng, C. Ovendale, L. J. Robinson, C. Schertel, W. Tyson, 
F. J. Waycott. . ' ' 

20 Visitors, including Prof. H. S. Hele Shaw, Dr Bensusan, Dr Irvine, Dr Eddowes, 
Dr Slater, and Fred. Rowland, Secretary. ' 

The President-Gentlemen, in accordance with our usual custom I will open this 
meeting by pr,oposing that proceedings of our last meeting as published in the 
J01l1'1wl be taken as read and confirmed, which was seconded by Mr J. Yates and 
unanimously agreed to. 

NEW MEMBERS 

Mr A. McNaughtan and Dr J. Moil' were appointed scrutineers, and after a ballot 
had been taken the following candidates for membership were declared duly 
elected :-

Messrs J. Brown, William Blackwood Brown, R. A. K. Bruce, C. H. P. Glover, 
Carl Hanau, Bertram Cecil Haynes, Kenneth Bertram Lamont, Joseph Pedrini, 
Stephen Roberts, Arthur Rogers, William J. Simpson, Ralph Shelton Griffin Stokes, 
S. J. Truscott (Tmnsf"'f1'O'" Associate Roll), James Wilson. 

The Secretary notified the names of the gentlemen admitted as Associates since 
the last meeting as follows :-George Thomas Jackson, F. J. Moller, Frederick John 
Stephens. 

GENERAL BUSINESS 

The President-I should like to draw your attention to the agenda which has 
been sent you. Under the heading of Annual Competitions, you will remember, in 
one of our past journals (Sept 1903) we gave the proposed list of prizes which were 
to be awarded for the best papers sent in for the year. You will bc pleased to hear 
that since that was decided upon we have received some more guarantees of sub
scriptions, and that we have been able to add to the list a prize for a paper on 
agricul tural chemistry. 

Dr W. C. C. Pakes read his paper entitled" Ankylostomiasis: a Forewarning," 
which was discussed by =the, President, Drs C. Porter, L. G. Irvine, Prof. A. Prister, 
and Mr W. E. C. Mitchell. 

Mr Wager Bradford read a contributiou to the discussion on Mr H. S. Denny's 
paper: "Observations on the ·Metallurgical Practice of the Witwatersrand." 

Prof. A. Prister, and Mr J. F. Bagshaw read contributions to the discussion on 
", The Ventilation 'of Deep Levels" by Mr Thos. Johnson. 

The meeting then closed. 
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Proceedings of Monthly Meetings 

FEBRUARY 20, 1904 
The ordinary general meeting of the members of the. Society was held on SaturdliY 

.evening, February 20, 1904, in the Council Room of the Chamber of Mines, +V£r .S . 

. H. Pearce (President). in the chair. There was a total attendance of 104, as 
follows:- . 

73 Members-Messrs W. A. Caldecott, J. Littlejohn, R. G. Bevington, W. 
Bradford, P. Carter, T. L. Carter, W. Cullen, C. Dixon, R. E. Hall, Dr W. C. C. 
Pakes, A. Whitby, D. J. Williams, A. F. Crosse, J. R. Williams, Dr B. Bay, P. 
Billyard, J. Brown, D. V. Burnett, F. S. Cochrane, G. S. Cochrane, J. Drought, 
R. L. Edmiston, J. E. Eisenstaedter, S. H. Ford, J. L. Hamilton, H. L. Harland, 
S. H. Hart, A. H. Hartley, A. Heymann, J. rOns, T. Johnson, A. McA. Johnston, 
W. H. Jollyman, C. H. M. Kisch, H. Leupold, Dr D. Macaulay, G. MacMillan, 
R. H. Mann, E. L. Matthews, A. McNaughtan, G. Melvill, J. T. Mitchell,' H. H. 
Morrell, P. '1'. Morrisby, P. M. Newhall, R. Ovendale, A. E. Payne, Prof. Prister, 
H. H. Robins, R. H. Rogers, 1. Roskelly, A. Schramm, S. Shlom, A. L. Spoor, 
R. L. Stokes, P. S. Tavcner, W. Taylor, B. E. Tennent, i'i1. Torrente, E. C. Townsend, 
H. Warren, F. W. Watson, E. Weiskopf, L. J. Westbrook, H. R. S. Wilkes, 
D. Wilkinson, Prof. J. A. Wilkinson, C. H. N. Williams, G. W. Williams, H. V. 
Williams, R. P. Williams, W. H. Winckworth. . 

15 Associates-Messrs A. E. Adams, F. A. Bawden, C. B. Brodigan, J. Caldow, 
E. H. Croghan, W. Griffiths, J. Hiddleston, R. W. Leng, F. L. Piddington, 
W. Rigg, L. J. Robinson, H. Rusden, A. D. Viney, F. P. Wannenburgh, A. L. 
Wright. 

15 Visitors, and Fred. Rowland, Secretary . 
. The President-Gentlemen, I think we are now a quorum, and I will open this 

meeting by formally moving that the minutes of the last meeting as published in the 
Journal be taken as read and confirmed, which was seconded by i'iIr J. R Williams 
and agreed to. 

NEW i'iIEMBERS 
Messrs L. J. Robinson and H. H. l'IIorrell were appointed scrutineer", and at the 

conclusion of the ballot the following candidates for membership were declared 
duly elected :-

Messrs Sidney Acutt, John A. Allan, 'Villiam L. Bain, Beverley Chew. Fitz 
Somerset Cochrane, Emil August Fester, Stanley H. Ford, Francis F, Gairdner, 
Thomas B. Gilchrist, William '1'asker Hallimond, William John 'Johns, Hugh 
Lewis Leupold, Arthur F. Rose, Solomon Shlom, Leslie John Westbrook. 

The Secretary notified the names of the following gentlemen who had been 
admitted Associates since the last monthly meeting: Septimus Walter Bell, B.Sc., 
Florian Gustavus Bosanquet, B.A., Andrew Howie, T. Bryant Jennings, Arnold- G. 
Rusden, James Allan Woodburn. 

'l'he Secretary read Mr I. Roskelley's paper, " Notes on Mill Construction, Milling 
and Amalgamation." 

Mr Gerard W. Williams read the first part of 8. paper entitled "The Determina· 
tion of Constants in Working Cyanidc Solutions," on which the President and 
Messrs A. F. Crosse and W. Cullen shortly commented. 

lI[r Thos. Johnson read his reply to the discussion on " The Ventilation of Deep 
Level Mines." 

After a contribution to the discussion on l'IIessrs Caldecott and Johnson's paper 
entitled "The Precipitation of Gold from Cyanide Solutions," by Prof. A. Prister, the 
author's reply was read by Mr W. A. Caldecott. 

Messrs A. R. Sawyer and C. E. Hutton contributed to the discussion on Messrs 
Saner and Carter's paper on the" Underground Handling and Transport of Ore." 

Mr H. T. Durant's paper, "Notes on the Limitations of the Cyanide Process," 
was discussed by Mr Chas. Hunter. 

Mr E. D. Chcster's reply to the discussion on his paper, "A System of Crushing 
Rock in Stages by wet process," was read. 

The meeting then closcd. 

11£ARCH 19, 1904 
The ordinary general meeting of the members of the Society was held on 

Saturday evening, March 19, 1904, in the Council Room of the Chamber of i'iIines, 
Mr S. H. Pearce (President) in the chair. There was a total attendance of 75, as 
follows :-
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Proceedings of J.Wonthly Meetings 

52 Members-Messr. W. ,A. Caldecott, J. R. Williams, F. Alexander, T. L. 
Carter, C. Dixon, J. Littlejohn, J. Arthur, W. E. Barron, Dr B. ~ay, W. Beaver, 
P. Billyard, W. B. Brown, D. V. Burnett, G. L. Burnett, F. S. Cochrane, J. Davies, 
J. M. Eaton, R. L. Edmiston, J. E. Eisenstaedter, V. G. Ferris, S. H. Ford, C. T. 
Gardiner, A. Heymann, J. Higham, C. E. Hutton, A. McA. Johnston, T. H. Lake, 
Dr Macaulay, E. L. Matthews, G. Melvill, A. Mennie, Dr J. Moir, P. T .. ,Morrisby. 
S. Newton, J. D. O'Hara, R. Ovendale, A. E. Payne, Prof. A. Prister, H. F. Roche, 
A. F. Rose, G. H. Royse, C. B. Saner, A. Schramm, D. 1. R. Simpson, A. L. Spoor, 
.R. Stoke~, J. E. Thomas, M. Torrente, H. Warren, F. W. Watson, Prof. J. A. 
Wilkinson. 

n Associates-Messrs A. E. Adams, C. B. Brodigan, J. W. Carter, W. Griffiths, 
J. Hiddleston, J. W. Kilby, C. Oven dale, J. G. Peebles, A. G. Rusden, H. Rusden, 
A. Silver. 

n Visitors, and }'red. Rowland, Secretary. 
The President-I move that the minutes of our last meeting, as published in the 

JOIwnal, be taken as read and confirmed, which was seconded by Mr C. Dixon and 
agreed to. 

NEW MEMBERS 

The election of candidates for membership was then proceeded with, Messrs 
Melvill and Mennie acting as scrutineers, with the result that the following 
candidates were declared duly elected :-

Jules August B'Hrus, Charles Donne Vaughan Davies, Peter Livingstone Edwards 
Oswald Claude Ellis, Archibald Moses Hunter, George James Hunter, Waite,: 
Sydney Sharwood, Robert Arthur Williams. 

The Secretary announced the names of the gentlcmen admitted as associates 
since the last monthly meeting :-

Messrs William Hastie Graham, James Arthur Hart, Harold Alfred Owen, 
Arthur Williams. 

GENERAL RCSINESS 

The President-Our next item is that of general business, and under that heading 
I should likc to mention our visit to the railway workshops at Pretoria, and to 
record my thanks on behalf of the Society to thosc members of the railway depart
'ment who were responsible for getting up a most enjoyable and instructive outing. 
I should like also to call your attention to the announcement On the agenda in 
regard to the reception of the delegates of the South African Association for the 
Advancement of Science by the local scientific societies, who are combining to 
hold a conversazione at the Masonic Hall. and it is hoped that all members, who 
can, will attend this reception, as we wish to extend a hearty welcome to fellow 
workers in other parts of South Africa. 

The Secretary-I shall be glad if any members desiring to attend the reception 
given by the Mayor and Town Council to the South African Association for the 
Advancement of Science, on Wednesday, April 6, will let me have their names, 
and I will obtain tickets for them. 

Mr W. A. Caldecott-Mr President, I think the thanks of the Society are due 
to the Mayor and Town Council for their courtesy in providing tickets for members 
of the Society who wish to attend the conversazione at the Wanderers. 

This was agreed to. 
Mr C. T. Gardiner-I think it will be advisable to write to the postal authorities 

with reference to Roodepoort notices. I think they should not be sent to 
Roodepoort, twelve miles from Johannesburg, via Capetown. 

The President-I think I may say in answer to that that yours is not the only 
case where we have had to complain to the postal authorities about the non· delivery 
of notices and of the Jow·nal. As a matter of fact, the Secretary takes every 
opportunity he possibly can of reminding the postal authorities of their fallibility. 

Dr James Moir read his paper entitled "Notes on the composition of tobacco 
smoke," which was commented on by the President, Dr Macaulay, and Mr A. 
Heymann. 

Messrs A. E. Payne, F. F. Alexander, and J. R. Williams, contributed to 
the discussion of Messrs T. L. Carter and D., V, Burnett's paper: "Notes on 
Classification. " 

The discussion upon Dr J. Moir's paper on "A New and Rapid Method of 
Detecting and Estimating Gold in Working Cyanide Solutions" was continued by 
Messrs G. Melvill, D. V. Burnett, F. F. Alexander, and Prof. A Peister after 
which Dr Moir read his reply to the discussion. . ' 
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The Annual Dinner 

. Messrs W. A. Caldecott, F. F. Alexander and the President made some remarks 
upon. Mr J. E. Thomas' paper "Some Improvements in Cyanide Works Clean-up 
Apphances." 

Messrs C. B. Saner, and G. Carter's paper on "Underground Handling and 
Transport of Ore" was discussed by 1I1essrs T. Lane Carter and J. L. Hamilton. 

The Meeting then closed. 

THE ANNUAL DINNER 

The Annual Dinner, cclebrating the tenth anniversary of the Society's existence, 
was held on Saturday evening, 1I1arch 26, 1904, at the Rand Club. Mr S. H. Pearce 
(President of the Society) presided. Lord 1IIilner was the principal gue~t, and, 
amongst the large company present, were: Mr G. G. Robinson (Lord Milner's private 
Secretary), Mr H. Weldon (Acting Commissioner of Mines), Mr H. F. Strange 
(President Chamber of Mines), Mr R. M. Catlin (Mechanical Engineers Association). 
1I;1r A. R. Sawyer (Geological Society), 1I1:r H. R. Skinner (Mine Managers Associa
twn), Mr F. W. Diamond (Accountants and Auditors), Professor Hele Shaw 
(Transvaal Technical Institute), Messrs C. Hanau, W. L. Honnold, A Brakhan, J. 
Dale Lace, M. Langermann, W. Dalrymple, J. Cowie, J. 111. Buckland, H. 
Graumann, Dr Abelheim, R. A. Alston, W. T. Anderson, R. C. Atkinson, 0 Baerecke, 
R. G. Bevington, Wager Bradford, C. B. Rrodigan, E. W. Buxton, W. A. Caldecott, 
W. McC. Cameron, B. P. Carter, T. L. Carter, P. Cazalet, C. W. Chater, H. W. 
Claydon, R. 1Ii. Connonlly, L. Colquhoun, A. F. Crosse, W. Cullen, G. A. Darling, 
J. Davies, H. S. Denny, C. Distel, C. Dixon, W. C. Docherty, L. Edwards, P. L. 
Edwards, J. E. Eisenstaedter, W. M. Epton, S. G. Ferguson, S. H. Ford, Dr T. B. 
Gilchrist, R. Goldmann, C. Gordon, K. L. Graham, T. J. Greenwood, W. T. 
Hallimond, F. N. Hambly, C. Hanlon, H. L. Harland, F. Heim, A. Heymann, J. 
Higham, R. R. Higham, C. E. Hutton, T. E. Johns, E. H. Johnson, W. H. Jollyman, 
F. H. Joseph, Dr Kanin, R. L. Kerr, C. H. M. Kisch, P. R. Krause, J. E. Lapping, 
C. W. Lee, Q. J. Leitch, J. McCracken, A. H. Leupold, J. Littlejohn, A. Mans, H. 
F. Marriott, H. C. Maw, A. McNaughtan, Dr. Milne, W. E. C. Mitchell, Dr J. 
Moir, H. H. Morrell, P. T. Morrisby, W. Nass, Newson, S. Newton, Dr W. C. C. 
Pakes, W. E. Park, A. E. Payne, J. B. Pitchford, C. J. Price, W. R. Price, E. P. 
Rathbone, F. G. A. Roberts, C. W. Salisbury, C. B. Saner, H. E. Saner, R. B. 
Saner, Dr Schlesinger, F. G. Slade, R. W. Smith, H. Warington Smyth, H. 
Spargo, A. L. Spoor, C. E. Stamp, H. Stephan, H. L. Stark, A. W. Stockett, U. P. 
Swinburne, W. H. Turner, C. D. Webb, W. L. White, R. P. Whitelaw, J. 
Wightman, Professor J. A. Wilkinson, D. J. Williams, John R. Williams, W. C. 
Mitchell-Withers, Pope Yeatman, and Fred. Rowland (Secretary). 

Letters of apology were received from Sir James Rose-Innes, Messrs W. St John 
Carr (Mayor), L. Albu, S. Evans, J. Ferguson, R. G. Fricker, F. Francois, D. 
Gilmour (South African Association of Engineers), P. Hyde, H. J. King, T. R. 
Price, A. Reyersbach, L. Reyersbach, Dr W. G. Rogers (Transvaal Medical Society), 
R. W. Schumacher, and F. Ware (Director of Education). 

A capital dinner was served, and the repast having been concluded, the President 
gave the toast of "The King," which was received with musical honours. 

The President-Gentlemen, I have now the pleasing duty this evening of proposing 
the toast of His Excellency the High Commissioner of South Africa, and, I might 
add, our worthy Honorary President. (Applause.) This is a toast which, I feel, if 
adequately treated, would occupy us for the rest of the evening, but, as I take it, 
you are far more anxious to receive his opinions of us rather than my opinions of 
him, I shall curtail mine to a very few remarks. In the first place, I have to con
gratulate the members upon this as being the first time he has honoured us with a 
visit to our annual festivities (hear, hear), which, I take it, is only another instance of 
the kindly interest which he takes in the welfare and doings of the community-of 
all the community who are working on these fields. (Hear, hear.) It is not my 
intention to speak at length, if I may so express it, of the excellencies of His 
Excellency, because these, I think, are well known to you. (Hear, hear.) 
But I should like to point out the great interest he has always taken in all 
the affairs which occupy us on these fields, and in this he has shown the fame 
earnestness and steadfastness of purpose which have actuated him through his 
career, before he ever came to this country (hear, hear), an example of which is 
given us in that book entitled" England in Egypt," in reading which one cannot 
fail to be struck with the thoroughness with which he has mastered his subjects 
before taking in hand any important work. We shall always remember with 
gratitude the kindly interest he has taken in the agriculturists of this country, to 
say nothing of those matters which concern us more, such 88 the appointment of a 
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Political Outlook zn South Africa 

Miners' Phthisis Commission, which was undertaken in the cause of humanity. 
(Applause.) I may also speak of another matter, which concerns us more nearly, 
in the shape of technical education, a matter which, we hope, will enable us to raise 
our children in our own profession without having to send them to other countries. 
(Hear, hear.) Politics is a matter with which we have no concern whatever. We 
are a simple people. (Laughter.) We only wish to be left alone to pursue our own 
avocations, whether they be winning gold or other metals from the earth, or making 
investigations in industrial pursuits, or into the realms of science, but, as has been 
the case wi th more abstruse workers and thinkers than ourselves, we are sometimes 
startled by sounds from the outside world, as we have been startled lately. We 
have been compelled to take an interest in matters which we would rather leave to 
other people. We have been compelled to take the matter up and ascertain what is 
the cause of this disturbance, and, after duly analysing the matter, what do we find 1 
We find men whom we are ashamed to own as our fellow-countrymen, blinded with 
passion and prejudice, who are bleating out a lot of ridiculous nonsense about 
subjects of which they know nothing (applause), and even going so far as to cast 
scurrilous defamation upon the character of their own representative, whom they 
have appointed in this country, and whose only endeavour has been to put the truth 
before them in the proper light. (Applause.) I say, gentlemen, if this be politics, 
then, thank God, we have nothing to do with it. (Hear, hear.) Having said this, 
gentlemen, I think I have said sufficient, and it only remains for us to assure his 
Excellency of the support which we have n.lways been ready to give him in the past 
and which we are always ready to give him (loud cheers)-to assure him of the great 
appreciation we feel of the work he has done in this country, and which would take 
a far more eloquent speaker than myself to express. Therefore, gentlemen, I will 
keep' you no longer, but will ask you to drink to the health of His Excellency, wish
ing him long life, health and prosperity. (Loud and continued applause.) 

'rhe toast was drunk with the usual honours and the singing of "For he's a jolly 
good fellow." 

LORD MILNER'S SPEECH 

Lord Milner (who was received with prolonged applause), in responding to the 
toast, said :-Mr Chairman and Gentlemen,-I was greatly comforted by your 
remark that politics had no place in your proceedings. (Laughter.) But I regret 
that you were not quite as good as your wurd (laughter), because after having laid 
down that general principle you, like many other philosophers, proceeded to depart 
froll.< it in practice, and to make some political observations which, if brief, were 
extremely pointed. I cannot altogether disregard them. I am afraid that the 
toast of ., The High Commissioner" is not one which at the present time conduces 
to the gaiety of nations. It is impossible for anyone to propose that toast without 
making some reference to the attacks to which the High Commissioner is at present 
subjected. But, gentlemen, that subject is an extremely tiresome one-it is the 
dullest thing I know. (Laughter.) These attacks have been going on at intervals 
for at least five years_ It may be a proof of my extreme narrow-mindedness; it 
may be a proof of my inability to look beyond the most obvious things, but the fact 
is that so long as I am seated by a comfortable fireside, with a roof over my head, I 
do not mind what sort of thunderstorm rages without. And as long as I possess the 
friendship, the confidence of the people amongst whom I live-the people to whom 
the last six or seven years of my life have been devoted-I do not care twopence 
what some people, six thousand miles away, who do not know what I am doing, and 
have not the faintest idea of my real intentions, think about me. (Loud and pro
longed cheers.) As long a8 I possess that friendship and that confidence I shall 
continue to work in your service. If ever I should forfeit it-and it is quite possible 
I might (no, no)-I should not even then complain or make a noise, but I should 
quietly retire to other pursuits in which I may pass a peaceful and harmless later life. 
(Laughter.) But as long as I have got a good conscience and friends around me the 
attacks of the outer world will make remarkably little difference in my conduct. 
(Applause. ) 

I gladly pass on from that subject to make a few observations about this Society, 
of which I have the honour to be Honorary President. It may be commonly 
supposed that my chief interest in life is political fighting. As a mn.tter of fact, 
that is the disagreeable side of my position; the agreeable side is that I am allowed 
to take an interest, and am privileged to be informed about a number of things on 
which I am not myself an expert, but which all conduce to the real benefit and 
advancement of the community. r have a profound belief in the importance of 
what you may call ordered and organised knowledge. I believe, and I think you 
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Application of Science to Industry 

will agree, that the fabric of our great modern societies can only rest on the 
foundations of industry and science. And the things which really interest me 
though, perhaps, some of my critics may not be willing to believe it, the things i: 
care most about; are all those forms of human activity which tend to the raising of 
a new country like this from its raw state of nature to that highly developed 
civilisation which we believe to be its ultimate destiny. (Applause.) I say it is a 
privilege of my position, a privilege which makes up for many of its drawbacks, 
that I am allowed to take an interest in these various forms of hum .. n activity which 
are of such benefit to the community, that I have the best knowledge and experience 
of those engaged in scientific pursuits placed at my disposal, and am allowed to 
converse with them freely on the subjects which interest them. I have the most 

.generous support from all sections of the community, and I am able to utilise this 

.scientific knowledge of various kinds for the benefit of the State. Your President 
has referred to my interest in agriculture. I believe I should make a very poor 
farmer, but at the same time I may claim that the present Government is making 
efforts which will conduce to a great improvement in the agriculture of this country 
at no distant time. (Applause.) We have been criticised for many things; we have 
been criticised for extravagance, and in some respects perhaps we have been 

·extravagant. But there is one form of expenditure, called extravagance, which is 
not extravagance-and that is expenditure in getting the very best scientific advice, 
and basing your fabric of administration upon a thorough knowledge of your 

.subject. (Hear, hear.) Whatever expenditure we may curtail in tbe future, there 
is one form of expenditure I hope we shall never curtail-and that is expenditure 
upon science. If, as I believe, in the course of a few years you find a great im
provement in the agricultural conditions of this country-inyolving an enormous 

.change in the economic position-a change which will largely benefit, amongst others, 
the mining industry, that change will have been due to the fact that from the first 
commencement of orderly administration in this country after the war we tried to 
get the best scientific advice in all branches of agriculturtl from different parts of 
the world. This is a policy which does not lead to any immediate change, or to any 
sudden and astonishing results, but it is one which, I believe, will, in the course of 
time, be found to be the most profitable investment possible. (Applause.) You 
may say, "What has this question of agriculture and these remarks on agriculture 
·to do with us!" Well, the principle is the same. .My point is that from the first 
moment that the new Administration took over the country, it set before itself this 
ideal, to try to raise the whole condition-the industrial and econoll.lic condition-of 
this community to a higher level, to start at once, in spite of all the difficulties at 
the time, from a higher point than that at which the old administration left off. 
(Applause.) Now, this has a distinct bearing upon your affairs. Your Chairman 
referred to the question of technical and scientific education. The same principle 
applies to industry as to agriculture-perhaps in a higher degree-you may say, to 
industry. The great industry of this country has had, almost from its beginning, 
the benefit of first-rate scientific assistance. 'I.'he immediate advantages to be 
derived from the application of science to the great industry of this country were so 

. obvious that, from the first moment, when capital flowed into the country to develop 
its principal resources, the aid of science was called in. Science in industry has not 
required that Governmental support and impetus which it has required in the more 
neglected branches of our public economy. Science has always been present in the 
development of the m'.ning industry, owing to the fact that capitalists recognised 
from the first its supreme importance. But although private enterprise has done 
for mining a great deal which, in the case of agriculture, only the State could do, 
there still remains something which the State can do, even for the highly developed, 
highly scientific industries of this country. (Applause.) It can do something, and 
I hope it has already begun to do something. r believe we are all agreed that it is 
not enough that this great centre of the mining industry should be able to attract, 

. as it does attract, the highest scientific ability, from different parts of the world. 
We want to do something more than this. 'Ve want to grow it for ourselves 
(applause), and we look forw"rd to the time when Johannesburg- will have, amongst 
other things, a Mining Scbool which shall be the first in the world (applause), and, 
very soon after that, a University, and a teaching university, not only for science 
but comprising the sciences and the arts, of which the scientific faculties will be 

.amongst the most eminent known to mankind. (Cheers.) You may say this is 
rather "highfalutin'," and looking a long way ahead. It may be, but it is my 
opinion and belief that this thing can be accomplished (hear, hear), and it is the 
intention of the Government, as far as our humble powers and abilities go-you 
know our resources at the present time are not the greatest {Iaughter)-to lay at 
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660 Rewards 0/ Research 

least the foundations of that great institution of the future. Gentlemen, I am not·, 
going to dwell upon this subject at. any great length. I am speaking to you wholly· 
unprepared, and this is not a matter on which any man cau speak ut great length 
without much thought and preparation. I only indicate to you the class of thoughts. 
which are constantly passing through my mind. I try to indicate to you the· 
matters which I really care about. I do sincerely desire that, whether my stay here 
is long or short, I may be able during the period of my stay to contribute in some 
small degree to placing the future of this community upon that foundution upon 
which, on the intellectual side-I um not now speaking of the moral or religious. 
Bide-it can alone securely rest, namely, the basis of thorough scientific knowledge. 
(Hear, hear.) I am myself an ignoramus iu these matters (no, no), but I know-I muy 
not know anything else-I know what real knowledge means, and the difference. 
between it and every kind of empiricism. And believing that I huve the pleasure of 
addressing to-night a Society which exists for the development of many branches 
'of real knowledge, as applied to a vast industry, I can only express to you my great 
gratification at the fact that yon huve paid me the great compliment of making me. 
your Honorary President. (Applause.) 

The President-I will now cai! upon Prof. Hele Shaw to propose the next toast,. 
" The Society." 

Prof. Hele Shaw said-Mr Chairman, Your Excellency, and gentlemen, to-night 
the toast of your Society is formally given for the first time at your annual dinner 
and there are few scientific bodies the members of which can drink this toast witl~ 
such complete satisfaction. (Hear, heur.) This might be so on the mere account. 
of numbers. It was only a few years ago thut the members of whut, I believe, was 
nicknamed" The Cyunide Society," were congratulating themselves on huving fifty 
members. (Hear, hear.) To-day the number is rapidly approaching one thousund. 
There is, however, a very different reason for congmtulation. Your Jow'''''Z is 
read and studied with the greatest interest ull the world over. (Cheers,) Now, 
what is the reason of this? It is becuuse that Jou.r""Z is a journal of research_ 
There ure two kinds of research, at leust, to my thinking. There is the research of 
the professor who produces his work ut the Royal Society fOJ' the love of the natural 
knowledge, and he is quite content if he never makes any great discovery, so long us 
he achieves some atom of knowledge whereby he can measure, say, the thickness of 
a soap bubble, or the form of a drop of wuter, he is, and ought to be, satisfied. I 
do not know if you remember reading ubout thut distinguished man, who, havinO' 
spent a great many years of his life, at last published a great astronomical researcl~ 
and who fervently thanked God that at any rate it would be of no pmctical me to 
anyone. (Laughter.) Now there is another kind of research, about which Ire,1d 
in your JOl<1'""I, a research which is devoted to practical objects, and if we only 
look back fifteen years, we see what it has done on these fields. J<'ifteen years ago, so 
I am informed, 40 per cent. of gold was allowed to go to waste, and to-day it is con
sidered quite wrong, and someone hears of it if even 10 pel' cent. is allowed to go 
through. Now, gentlemen, you must be merciful with me. I have to learn the,e 
things. I did read that your esteemed Member, lIIr Hennen Jennings, suid once 
that the recovery of even a grain of gold per ton-I believe it was on a mill of 200 
stamps-represented something like £22,500 a year saving. Well, these are very 
important and practical results, and far be it from me to belittle them, but I do 
read with gTeat satisfaction that there is another side of the work of your research 
-that is, the study of knowledge encouraged by contributions on questions such as 
ventilation, the prevention of accidents and preservation of life (hear, hear), so that 
the hum blest worker in your mines is cared for in a way that some of our friends at 
home would scarcely realise. (Hear, heur.) It was at your first meeting I attended 
that I heard a paper, not on any disease which had broken Oltt, but on one that. 
miO'ht possihly occur. I am afraid to attempt to pronounce the word it was called 
by~ hut it was the dreadful creature which got in your inside and hung on with 
hooks. The gentleman who read that paper-we are proud to huve him with us. 
to-night-was Dr Pakes, who is now enguged in controlling the present outhreak of 
plague. We congratulate him and those devoted men Who are working with him in 
standing against this terrihle disease, and we believe, thank God, that it is heing 
kept under by the devotion of such men as Dr Pukes. (Applause.) But, gentlemen, 
the few succeed while many fail in attaining a great result or great discovery, and 
I am glad to see that your Society encourages hy the award of valuahle prizes and 
gold medals the publication of researches, not ulways those which have been 
pecuniarily .uccessful, but researches which contrihute to the sum of human know
ledge. There arQ many men who work with a practical ohject in view, who never 
attain any discovery of their own. Prohahly one man at least who did not discover-
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Advantage '0/ Practical Knowledge 

Rontgen rays knew more about the subject than the man who did discover it. 
'There are many who have been on the verge of other discoveries whom you know 
never reaped pecuniary benefit, therefore I hope you will encourage the reading of 
your Society's papers, which contribute to solid information and knowledge. I find 
the philosophy of J 0sh Billings true to life. He says: "A man spends half his life 
throwing stones at a mark, the next quarter he goes u'p to see if he has hit the mark, 
.and the last quarter he finds that he has not hit it and dies." (Laughter.) Well, 
.gentlemen, at any rate, you can encourage men to bring forward their knowledge, 
<'tnd there is one thing about your Society, which, I feel sure of, papero will always 
be vigorously discussed. There is a vigour about your discussions which would 
make any man hesitate to rush in recklessly to impart information or facts which 
have not been corroborated, and I look forward to great results from the new 
.institution which has commenced its work :only a week or two ago, and feel sure that 
you will extend to my younger colleagues, for I am only here for a few months, at 
the commencement of this work, that you will extend to those young professors 
·gathered togeth~r the same kindness and welcome tha·t you have extended to me. 
Of course, it is a good thing for us professors to come into touch with practical men. 
lt makes us feel that 'we do not know everything. I trust you will encourage the 
professors at your discussions, that you will encourage them in the practical study 
which every professor needs. I heard. the uther day of a professor who had been 
lecturing on geology, and when he asked the question, "\Vhat is coal?" I daresay 
the majority of the class answered the 'jue,tion satisfactorily, but one student 
·sententiously wrote" Coal is supposed to be combustible, and, therefure, should be 
cla.ssed amongst the igneous rocks." (Laughter). Gentlemen, that student had 
never had a laboratory upon which to experiment in rock and coal, otherwise he 
would not hav~ written that answer. We hope to have at first a temporary, and 
afterwards permanent laboratories, by which the professors may get into touch with 
.actual facts and know ledge. The objects of your Society are varied, and would 
tend to augment its success. It has for its objects chemical learning, metallurgical 
learning and mining learning, and hopes to do by means of education all things that 
may be desirable for the attaining of some, or any of them, and I think you may 
allow me to make a suggestion. I think the time has arrived in your Socicty for a 
motto. I got the idea for this motto-which I throw out as a humble suggestion, 
as a little return for a good dinner-from the words of your late President. He 
.said, speaking of ourselves-I suppo,e now I may say ourselves-" That our highest 
aim should be "-let me get the correct words; they are too valuable to give in
corroctly when yon are speaking of a motto. He said, "Our highest aim should be 
to equal our possibilities." May I suggest that no nobler motto may be 'found for 
the Society? If it is too intelligible, it may be put into Latin for the purpose. 
(Laughter.) Prof. Hele Shaw then coupled with the toast the name of the President, 
and paid a tribute to his devotion to the Society and the complete manner in which 
his election to the presidential chair had been justified. 

The President, replying to the toast, said : Your Excellency and gentlemen, I 
rise with a good deal of diffidence to respond to the toast of the Society, with which 
Prof. Hele Shaw has been good enough to couple my name, for the same reason as 
he stated in the progress of his speech-like a maiden effort, it is the first time it 
lIas ever been proposed in this Society, and I feel quite sure in responding on behalf 
.of the Society, that I feel the same as you do-a good deal of modest consciousness 
with respect to the good things which have been said about this Society. (Hear, 
hear.) With regard to the first item, which he has been good enough to mention, 
.about the extraordinary growth of our Society, I would just like to mention that we 
are now commemorating what is practically the tenth anniversary of the Society, 
as it was in this very self-same room about ten years ago that a particular meeting 
was held, called by a few uf the more enthusiastic metallurgists on these fields-I 
.think mainly at the instance of one of our most energetic Members, Mr Charles 
Butters, who is now no longer with us. I think there are not very many of us 
present here to· night who were present on that occasion; but, as Prof. Hele Shaw 
.has remarked, one cannot help remarking upon the state of the Society in those 
-days and what it is to-day. In those days one thought that as there were so many 
·of us-what we then considered of us-together, that it would be a good thing for 
us if we were sometimes gathered together for the purpose of exchanging our views 
upon the subject of the avocation with which we were in daily contact. I mean in 
regard to the cyanide question, from which we derived our name--"The Cyanide 
'Club." We thought at that time, and I may say there was, a good deal of prejudice, 
.and I might say narrow-mindedness, existing amongst us in regard to diffusing 
infornlation upon the ~ubjects which we had either accidently found out or worked 
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662 Advances 'In the CJ'anide Process 

out for ourselves. And I may say that these fi'P1res which Prof. Hele Shaw gave us' 
in regard to the extraction we are obtaining now would certainly not have made the 
improvement they have made at the present time had it not been for these gather· 
ings. Prof. Hele Shaw apologises for his want of knowledge concerning the actual 
figures, but they may be takcn as substantially correct. There is one point he 
omitted to mention, and that is the manner in which the costs of running that 
process have been reduced, which has resulted in obtaining more profit than the 
higher extraction would account for, and in that. I think, we may gracefully disclaim 
that portion of it, which belongs to the mechanical engineers. He has been pleased 
to refer to the subjects of debate which have occupied our meetings, but the one
motive which has guided us in the selection of these subjects has been due to the 
fact that we have practically worked the cyanide process to a standstill, and we had, 
as is the caSe with everything else, to .eek pastures new, and I am happy to say it· 
has produced good results. It has been due for the most part to our young members, 
amongst whom-I may, I think. re·echo your sentiments-we are glad to numher' 
such a valuable Member as Dr Pakes. (Applause.) The subject of prizes is one 
which we have copied from other institutions, which have been established very 
much longer than our own Society, and we have copied them because we considered 
that it was not fair entirelv to Members of our Society to be always giving up- their 
best thoughts and knowledge to the world without obtaining some sort of suitable 
remuneration, and I think I may say. while I am speaking on that particular 
subject, that the success of our Society has been brought about, not by the Society 
as a whole, hut by the individual efforts of each Member, and that, having taken so· 
small a rart in the proceedings myself, I may say, without modesty, that all prai.c 
is dne to those Members wh~, in the first place, came forward and gave us their 
ideas, without payor reward, for the benefit of the wholp. It has been placcd on 
recod the fact that our discussions have been lively. This is a well reeognised fact 
nowadays. It was announced in a newspaper the other day that the chairman said 
a certain subject was open for discussion, "and then the fight began" (Laughter.) 
J take it that the interest which has been shown in our discussions has been the 
mainspring of the vitality of this Society, and so long 9S Members continue to take 
that interest in their daily work which they do, and bring forward matters for 
discussion which interest them, and incidentally those who are paying for their 
services, so long will this Society continue to do good work. Prof. Hele Shaw bas 
been good enough to refer to the matter of our extending the same use of the 
Society towards the students of his nniversity as we have to himself, and now, 
gentlemen, I would like to point out that nearly a year ago we instituted a system 
of admitting to membership student Members at a very reduced rate, as. if our 
discussions are so useful to members of the outside world, they are equally usefut 
to students, for whose benefit we introduced a students' membership. In regard to· 
the motto which he proposes for our Society, I .hall have very great pleasure in 
recommending the same to be adopted. I think it is, as he says. a very excellent. 
motto, and I ask him in return to give liS the Latin equivalent" (Applause.) 

"OUR GUESTS AND KINDRED SOCIETIES" 

Mr W. A. Caldecott (Vice-President) next proposed the toast of "Our Guests and' 
Kinilred Societies." Thcy were pleased to welcome there that night the head of 
the Government of South Africa, and representatives of commerce, finance, and other 
branches of the civic and industrial life of the community. Their guests were 
not so numerous that night as on previous occasions; the reason might be that the
intelligent inhabitants of Johannesburg were becoming Members of the Society, and 
the day would come when there would be no gue,ts at all, as they would all be 
Member~ of the Society! (Hear. hear and laughter.) They took it that the 
presence of the guests was intended to convey their sympathy with the objects of 
the Society, and appreciation of the efforts of its Members in advancing certain 
branches of applicd science in this country. It was largely through applied science 
that the great natural resources of the country must be developed. (Hear, hear.)' 
The Society appreciated that sympathy and fclt it was largely due to it that the 
Society, after a progressive ten years, had attained a membership numbering
hundreds, in place of the original dozens. 

He referred to the encouragement received from outside, and mentioned the fact 
that some dozen mining corporations had placed the sum of £300 per annum at the
disposal of the Society to be allocated as prizes for the best papers on applied science 
read before the Society during the year. He thanked those corporations for their
contribution, and in view of the valuable informaHon already elicited from Members. 
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Co-operation zn Scientific Affairs 

through the stimulus of these prizes, congratulated the donors on having made what 
might be termed a remarkably judicious intellectual investment. 

To their professional brethren he extended a very hearty welcome; they felt that 
they were all parts of a great industrial army whose divisions were only artificial, 
but whose united efforts and knowledge were needed to ensure success in any in
dustrial undertaking. They all felt that in scientific and technical matters co-opera
tion was better than opposition; that the" secret process" was out of date, and that 
each worker should be helped by the knowledge and discoveries of his fellow-workers. 
The great possibilities of this country could not be fully gauged, but its destiny lay 
to a great extent, in the hands of their guests and those whom they represented. 
He had much pleasure in asking the company to drink to the health of their guests 
and kindred societies. (Applause.) 

Mr H. F. Strange (President of the Transvaal Chamber of Mines) replying to 
"Our Guests," said he could not speak for many of the guests, because he hoped 
they were in the same position as he was. He became a Member seven or eight 
years ago. If he might be permitted, he would refer to Lord Milner. His Excellency 
occupied a position which implied membership. Speaking for the others, he spoke 
for the moment as a co-worker, because the work of that Society had always been 
associated with the institutions which he had the honour to be connected. It would 
be purposeless for him to attempt to review what the Society had done for the mining 
industry. The difference between the margin of profit and loss was entirely due to 
the scientific men who had devoted their energy and intelligence and time to the 
work of the Society in winning gold from the Rand. (Hear, hear.) Many of them 
could remember what happened when they got below the oxidised reef-he believed 
the same thing happened when the blue ground was struck at Kimberley-how they met 
difficulties which seemed insuperable, or which could not have been faced with con
fidence had they not been backed by men who made it the business of their lives to 
apply scientific principles to ordinary commercial pursuits. It was very gratifying 
indeed to know that they had men among them whose earnest endeavour it was to 
make this country not only a place where men came for selfish reasons, but a country 
in which they could look forward to bringing up their children in the way they could 
wish. (Hear, hear.) If the programme to which Lord Milner had alluded was 
carried out-and he sincerely hoped it would be-we should then have something 
more by way of a permanent record than those holes in the ground, which they had 
been told, were all that would be left of this country 

Mr R. M. Catlin (President of the Mechanical Engineers Association) also replied. 
He recalled some memories of early days of mining in the western states of America, 
and dwelt on the lack of scientific knowledge at that time and the opportunities 
consequently open to the charlatan. He congratulated the Society on what they 
had already achieved, and dwelt on the great improvements effected by the science 
of chemistry in the development of the gold and other natural resources of this rich 
country, and referred to the fact that to-day no great industrial enterprise, such as 
the extraction of gold, is undertaken without the assistance of the skilled metal
lurgist or chemist. In conclusion, he expressed appreciation of the work done by 
The Chemical, Metallurgical and Mining Society of South Africa, as well as by other 
local technical societies, in training and educating the less skilled workers in this 
our adopted country. (Hear, hear.) 

"OUR COUNTRY" 

Mr Dale Lace followed with the toast to "Our Country." He said he felt some
what timid in speaking to the toast entrusted to him, yet he felt honoured at 
having been asked to propose the toast to " Our Country." It was their country in 
this sense-that they did not claim it for those who happened to be present that 
night, but for the people of the cOG.ntry. At a previous gathering this toast was 
called "The Land we Live in," but that was all altered now. (Hear, hear.) During 
the past twelve months they had gone through sad and serious times, but they must 
not be as men without hope. They were honoured that night with the presence of 
His Excellency the High Commissioner, representative of their King. (Cheers.) 
His Excellency had, perhaps, a more difficult position to fill than had any other 
man in the political world. (Hear, hear.) He was sure it was their feeling, as well 
as it was his, that they wished to stand behind His Excellency in his support. 
(Loud applause.) In the truublous times with which His Excellency had to deal 
they c felt for him. But the darkest night was just before the dawn, and he was 
sure that there was a future which was more or less in their own hands. 

With Lord Milner's permission, he would speak on the affairs of this country, but 
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Financial Position of South Africa 

would not trespass too much on politics. He referred to what was going on to-day 
in the House of Commons. (Hear, hear.) They objected that this country should 
be made the battledore and shuttlecock of English politics. (Applause.) 

They must support their Government if they would make the sUCCess of the 
country which they knew conld be made. In minerals anci metals this'country was 
one of the wealthiest on the globe, and they need only stand and work together in 
order to make it prosperous. They certainly wanted capital and labour. Mr 
Reyersbach had said we wanted eighty millions of money. But we would get all 
the capital we needed wben the time came. Tbey had only to work out tbeir own 
salvation as it could be worked out. (Cries: "Witb Milner.") Speaking of tbe 
mining industry, they had not made the rapid progress they expected after tbe war. 
They must be patient, and he tbought tbings were going to come out all right .. 
They were now proo ucing at the rate of fourteen or fifteen millions per annum, and 
in speaking of tbis country, it must be remarked tbat the influence of J obannesburg 
in the affairs of the Empire was a large one indeed. The depression was a direct 
consequence of the war. 

They were the greatest producers of gold in the world, and,.in consequence of 
the war, it could be said there was a shortage of gold to the sum of tbirty, sixty, Or 
seventy millions of money, wbich sbould bave been in circulation if tbere bad been 
no war. That was tbeir influence on the financial world, and their influence, 
tbrough their finance, must be very great for the Empire. They WHe looking for. 
the improvement here, and wben it came-and it was not far away-it would 
improve the conditions tbroughout tbe world. (Hear, hear.) He believed capital 
and labour would be found. They had wealth, too, in tbeir other minerals, in 
copper, lead, diamonds, and tin. In conclusion, be would say this country had a 
great future before it, and they bad only got to be patient and support the 
Government. (Loud applause.) 

Mr Max Langermann, in replying for South Africa, said he naturally asked 
bimself tbe question: What was intrinsically representative of Soutb Africa! Were 
they morally a part of the Empire 1 As much as he prized tbe flag, "wbich flies 
liberty, world-wide liberty," he could not, as was often inferred, unconsciously, 
perbaps, believe tbat South Africa was the wbole Empire. He referred to the 
change of name in tbe toast from" Tbe Land we Live in" to " Our Country." They 
had done away with tbe old toast because tbey knew tbat gentlemen following' 
scientific pursuits remained in the country where they once made a start. (Hear, 
hear.) . Mr Lace had appealed to them to stand by Lord Milner and his Government. 
He did not require that; all they required was a repetition of Abraham Lincoln's 
attitude in a similar national cris;' when be said: "I sball do my very best and 
shall do it to the end. If the end brings me out right, what does it matter what 
people think! It amounts to nothing. If tbe end brings me out wrong, not ten 
angels swearing would make the sligbtest difference." (Applause.) Tbey believed 
in Lord Milner sincerely, and trusted bim entirely, and. if it wa. needed, a mighty 
voice would go fortb to tbe rest of the country, saying, "Long may the Governor, 
Lord Milner, be spared to our country." (Lond and continued applanse.) 

The proceedings then terminated. . 

APRIL 16, 1904 

The ordinary General Meeting of the Members of the Society.was held on Saturday 
evening, April 16, 1904, in the Council Room of the Chamber of Mines, Mr S. H. 
Pearce (President) in the chair. There was a total attendance of (II, as follows :-' 

67 Members-Messrs A. F. Crosse, J. R. Williams, W. A. Caldecott, E. H. 
Johnson, F. F. Alexander, R. G. Bevington, W. Bradford, P. Carter, T. L. Carter, 
W. Cullen, C. Dixon, R. E. Hall, J. Littlejobn, Dr W. C. C. Pakes, A. Whitby, C. 
H. Antrobu.'!> G. S. S. Anderson, G. Andreoli, J. W. S. Beatty, W. K. Betty, Dr 
B. Bay, D. V. Burnett, G. Carter, G. S. Cocbrane, H. S. Denny, G. D. Davies, G. 
A. Darling, J. M. Eaton, J. E. Eisenstaedter, K. L. Graham, A. Gillies, S. H. Hart, 
J. Higbam, G. J. Hunter, F. N. Hambly, A. Heymann, W. T. Hallimond, A. H. 
Hartley, C. Hanlon, C. E. Hutton, A. McA. Johru;ton, W. H. Jollyman, G. Melvill, 
P. T. Morrisby, A. McNaughton, Dr J. Moir, J. J. Moir, W. Nicklin, W. H. Oliver, 
Prof. A. Prister, D. E. Powrie, J. Pedrini, 1. Roskelley, G. O. Smart, W. S. 
Sharwood, Dr J. Schlesinger, A. L. Spoor, S. H. Steels, A. Schramm, W. Taylor, 
E. C. Townsend, C. B. Saner, J. E. Tbomas, J. Watson, H. Warren, G. W. 
Williams. 

13 Associates-Messrs J. W. Carter, E. H. Croghan, G. H. Furner, H. L. Krause, 
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R. W. Leng, E. J. Laschinger, F. B. Massey, W. Roff, A. G. Rusden, L. J. 
Robinson, L. P. Seal, R. A. Wilson, A. L. Wright. 

10 Visitors, and Fred. Rowland, Secretary. 
The President-I beg to move that the proceedings of our last meeting, as 

published in the Jo1tTncol, be taken as read and confirmed, which was seconded by 
Dr W. C. C. Pakes, and agreed to. 

NEW MEMBERS 

Messrs J. Littlejohn and G. A. Darling were appointed scrutineers and after the 
ballot had been taken the President declared that the following candidates for 
election had been duly elected :-\Villiam James Andrew, G. H. Cox, William 
Dalrymple, A brabam Gold water, A.R. S.lIL, Alfred Perkins Jordan, lIIax Langermann, 
Philip John !liichelmore, Trevett William Read, William Watson, Thomas Henry, 
Babington Wayne. 

The Secretary announced the names of the gentlemen who had been admitted as 
Associates since the last monthly meeting :-Allan Jay Clark, Edgar Jacob 
Laschinger, A. lIIurray, W. Patrick, Rolla Barnum Watson. 

Mr E. J. Laschinger read his paper 011 "The Decantation Process of Slimes 
Treatment: Its possibilities and limitations." 

Prof. A. Prister, read a paper entitled" An Industrial method for the Determina· 
tion of the Oxygen in Working Cyanide Solutions." 

After a small explanation by Mr J. R. Williams on his criticism of the paper, 
!\fl'. H. S. Denny replied to the discussion on "Observations on the Metallurgical 
Practice of the Witwatersrand." 

Tbe reply by Messrs T. L. Carter and D. V. Burnett to the discussion on their 
paper" Notes on Classification" was taken as read. 

The meeting then closed. 

lvIAY 7, 1904 

EXTRA GENERAL !\fEETING 

An extra General Meeting of the Members of the Society was held in the Council 
'Chamber of the Chamber of Mines, on Saturday evening. !\fay 7, 1904, Mr S. H. 
Pearce (President) in the chair. There was a total attendance of 41, as follows:-

29 Members-:Messrs W. A. Caldecott, R. G. Bevington, T. L. Carter, C. Dixon, 
J. Littlejohn, D. V. Burnett, G. Carter, P. L. Edwards, J. E. Eisenstaedter, A. 
Goldwater, W. Hamiltc;m, S. H. Hart, A. C. Holtby, K. B. Lamont, G. !\felvill, P . 

. J. Michelmore, S. Morison, S. S. Osborn, D. J. Peplar, Prof. A. Prister, J. B. 
Roberts, I. Roskelley, C. B. Saner, R. Stokes, M. Torrente, D. Wilkinson, G. W. 
Williams, W. H. Winckworth. 

4 Associates-J. A. Hart, C. B. Hilliard, C. Schertel, A. L. Wright. 
7 Visitors, and Fred. Rowland, Secretary. 
The President-As this is not an ordinary meeting, I will ask the Secretary to 

read the notice convening the meeting. 
The Secretary read the notice. 
The President-This meeting, as you are aware, has been called for the purpose 

of allowing us to dispose of many of the papers standing on the agenda for a long 
time and the response to the request to send in written contributions. J am very 
pleased to say this has been responded to very well. At the same time, if anyone 
has any discussion to bring forward on these papers, I shall be glad to have it before 
the Secretary reads the papers which have been sent in. 

Messrs W. E. C. :Mitchell and E. Hay codributed to the discussion on Messrs C. 
B. Saner and G. Carter's paper on the "Underground Handling and Transport of 
Ore." 

Mr F. L. Piddington's paper: "Notes on Smelting and Cupellation" was 
discussed by Messrs K. L. Graham, D. V. Burnett, G. Melvill. W. Hamilton, P. S. 
Tavener, and the President. 

!iiI' 'r. Lane Carter read a contribution to the discussion on " Ankylostomiasis: A 
Forewarning" by Dr W. C. C. Pakes. 

To the discussion on "Notes on !\fill Construction, Milling, and Amalgamation" 
by Mr 1. Roskelley, contributions were read by and from Messrs R. G. Bevington, 
D. J. Peplar, W. Beaver, Palmer Carter, H. R. S. \Vilkes, H. T. Pitt, D, E. 
Yowrie, and J. E. Teesdale. 
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. Mr Gerard W. Williams read the second part of his paper entitled "The
Determination of Constants in Working Cyanide Solutions." 

Contributions by Mr H. A. White towards the discussions on Mr E. J. 
Laschinger's paper on "The Decantation Process of Slimes Treatment," and Prof. 
A. Prister's paper, "An Industrial Method for the Determination of Oxygen in 
Working Cyanide Solution," were taken as read. 

The Meeting then closed. 

MAY 21, 1904 

The ordinary General Meeting of the Members of the Society was held on Saturday 
evening, May 21, in the Freemason's Hall, Jeppe Street, Johannesburg, :iiI'S. H. 
Pearce (President) in the chair. There was a total attendance of about 350, as. 
follows:-

67 Members-Messrs A. F. Crosse, J. R. Williams, E. H. Johnson, F. F. 
Alexander, R. G. Bevington, P. Carter, T. L. Carter, W. Cullen, Clement Dixon,. 
R. E. Hall, Dr W. C. C. Pakes, A Whitby, Prof. H. S. Hele Shaw, F. Allen, W. J, 
Andrews, W. E. Barron, Dr B. Bay, W. Beaver, E. E. Blume, J. B. Carper, J. M. 
Eaton, C. P. Edwards, J. K. Erskine, 'A. Gillies, A. Goldwater, H. D. Griffiths, C. 
Hanlon, S. H. Hart, A. H. Hartley, A. Heymann, A. C. Holtby, G. J. Hunter, A. 
McA. Johnston, R. L. Kerr, C. W. Lee, H. Leupold, Dr D. Macaulay, A .. 
McNaughton, G. Melvill, A. Mennie, H. Meyer, W. E. C. Mitchell, Dr J. Moil', P,. 
T. Morrisby, A. E. Payne, Prof. A. Prister, I. Roskelley, G. H. Royse, C. B. Saner. 
W. S. Sharwood, T. W. Simmons, G. O. Smart, A. L. Spoor, S. H. Steels, R. Stokes, 
W. McD. Stokes, J. }'. Thomas, M. Torrente, E. C. Townsend, H. Warren, J. Watson, 
H. A. White, H. R. S. Wilkes, Prof. J. A. Wilkinson, G. W. Williams, J. B. Wilson. 

22 Associates-E. H. Croghan, A. H. Exton, J. A. Hart, J. Hiddleston, C. B. 
Hilliard, J. W. Kilby, E. J. Laschinger, R. W. Leng, A. N. Locke, 0. C. Marshall, 
W. Nass, F. L. Piddington, W. Rigg, J. Robinson, L. J. Robinson, A. G. Rusden,. 
H. Rusden, C. W. Salisbury, L. P. Seal, F. P. Wannenburgh, }'. J. Waycott, A. L. 
Wright. 

About 260 Visitors, and Fred. Rowland, Secretary. 
The President introduced the lecturer, Prof. Hele Shaw, to the audience in a 

brief speech, in which he made mention of the good work done by the Professor in 
placing the Transvaal Technical Institute on a sound working basis. Speaking thea 
of the difficulty they had experienced in obtaining the use of a hall where lantern 
exhibitions could be given, he said it was one of the urgent wants of the tecbnical 
arid scientific societies of Johannesburg, that as yet there was no hall available for' 
lecture purposes requiring laboratory experiments or illustrations. 

Prof. H. S. Here Shaw, LL.D., F.R.S., then delivered his lecture, which was· 
illustrated with a large number of Inntern views, on "The Modern Theories of the 
Flow of Water, and their Application in Gold Mining." 

On the proposition of the President a hearty vote of thanks was accorded the· 
lecturer. 

The President announced that the following oandidates for membership had been 
duly elected :-

Messrs Dennis J. Arkell, E~ E. Aulsebrook, Robert Barrow, Eric Vaughan 
BumeLt, James S. Douglas, Percival Richard Evans, Kenneth Ferguson, Frank 
Harris Granger, James Gray, A.I.C., Henry Haugh, H. C. McDonald, William 
Ironside Moil', IILB., Ch.B., D.P.H., Aberdeen, lIiax Mosenthal, Wilhelm Schoen-
felder. (Tmnsfej'J;'om Associate Roll.) . 

The Secretary notified that 'the following admissions had been made by the 
Council to the roll of Associates and Students :-
. As Associates-Messrs Archibald McAulay Ferguson, Alexander Niel Mackay, 
Arthur C. Nahl, George Thomas Plumb, Charles Horace Powys, Charles Butement. 
Simpson, Richard Herbert Sinclair, 

As Students-Messrs Harry SLratford Caldecott, Evelyn Frederick Driver, 
SamiIel de Smidt. 

The paper on" The Analyses of Some Witwatersrand Soils," Mr Edwd. H. Croghan~ 
was taken as read. 

The Meeting then closed. 
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JUNE 18, 1904 
A Special and the Eighth Annual General Meeting of the members of The 

Chemieal, Metallurgical and Mining Society of South Africa was held on Saturday 
evening, June 18, in the Council Chamber of the Chamber of Mines. 

In the absence of the President (Mr S. H. Pearce), Mr J. R. Williams (Past 
President) occupied the chair. There was a total attendance of 120, as follows :-

106 Members-Messrs W. A. Caldecott, E. H. Johnson, J. Littlejohn, F. F, 
Alexander, R. G. Bevington, W. Bradford, P. Carter, W. Cullen, Clement Dixon. 
R. E. Hall, A. Whitby, D. J. Williams, A. F. Crosse, A. W. Ablett, J. A. Allen,. 
R. A. Alston, G. S. S. Anderson, G. Andreoli, W. J. Andrews, D. J. Arkell, J. 
Arthur, R. C. Atkinson, W. E. Barron, Dr B. Bay, J. W. S. Beatty, W. Beaver. 
P. Billyard, H. Brazier, W. Broom, W. B. Brown, A. F. Brunn, T. C. Burgess. 
D. V. Buruett. J. B. Carper, Geo Carter, P. Cazalet, F. S. Cochrane, W. Colbert, 
P. W. Dace, G. H. Davies, W. Dowling, J. Dykes, jun., J. lVI:. Eaton, R L. 
Edmiston, C. S. P. Edwards. P. L. Edwards, J. E. Elsenstaedter, P. R. Evans, 
K. Ferguson, V. G. Ferris, E. A. Fester, A. Gillies. K. L. Graham, J. Gray,. 
H. Guerreau, S. H. Hart, S. A. Herbert, A. Heymann, H. Hill, A. C. Holtby, 
H. G. Hubbart, G. Hunter, G. J. Hunter, S. B. Hutt, A. McA. Johnston,. 
T. S. Jolly, W. H. Jollyman, O. King, C. H. M. Kisch, T. H. Lake, C. W. Lee, 
H. Leupold, Dr D. Macaulay, E. L. ltiatthews, G. Melvill, A. Mennie, W. E. C. 
Mitchell, Dr J. Moir, H. H. Morrell, P. T. Morrisby, S. Newton, W. Nicklin, 
E. G. Palmer, A. E. Payne, J. Pedrini, H. T. Pitt, R. G. C. Pitt, Prof. A. Prister, 
T. W. Read, H. F. Roche, 1. Roskelley, G. H. Royse, C. B. Saner, W. S. Sharwood, 
G. O. Smart, A. L. Spoor, S. H. Steels, B. E. Tennant, J .. E. Thomas, M. Torrente, 
J. Watson, H. R S. Wilkes, P,·of. J. A.Wilkinson, C. II. N. Williams, G. W. 
Williams. 

7 Associates-Messrs 'V. W. Anderson, J. W. Carter, E. H. Croghan, C. Ovendale, 
F. L. Piddington, A. W. Stockett, A. L. Wright. 

6 Visitors, and Fred. Rowland, Secretary. . 
The following members were also represented by proxy: Messrs A. Adair, A. 

Aiken, S. Aimetti, P. Barrett, E. L. Bateman, H. C. Behr, W. K. Betty, J. F. 
Bilbrough, W. Bleloch, S. E. Button, R. Camerer, F. J. Carpenter, Dr J. T. Carrick,. 
T. L. Carter, F. 'V. Cindel, G. S. Cochrane, L. Colquhoun, Dr G. S: Corstorphine, 
W. Dalrymple, H. S. Denny, O. C. Ellis, ,\f. Fergusson, S. C. W. Fleischer, Dr W. 
D. Frazer, C. 'f. Gardiner, H. D. Griffiths, H. L. Harland, F. Heim, Howard Hill, 
W. L. Honnold, J. J? Jobling, 'r. E. Johns, J. W. Jordan, L. H. Lavenstein, H. 
Lea, James Lea, Jas. E. Lea, H. J. Lee, Q. J. Leitch, W. Leyson, F. B. Lewis, 
G. MacMillan, J. T. Mitchell, J. J. ~foir, Dr W. 1. Moir, M. Mosenthal, P. M. 
Newhall, R. Ovendale, Dr W. C. C. Pakes, S. H. Pearce, D. J. Peplar, H. T. 
Petersen, G. B. Poore, C. J. Price, E. D. Raine, R. Raine, A. Richardson, S. 
Roberts, A. M. Robeson, D. R. Robinson, 'V. H. Roe, Dr C. L. Sansom, W. 
Schonfelder, A. Schramm, R. W. Schumacher, G. Seeton, S. Shlom, T. W. Simmons 
L. Simson, A. R. Stacpoole, H. L. Stark, R. S. G. Stokes, A. N. Stuart, A. 
Sutherland, W. Taylor, James Thomas, F. H. Thorburn, G. H. Thurston, J. E. 
Vaughan, L. v. d. Vorst. L. E. Wainwrhrht, T. H. B. Wayne, Thos. Webb, G. E. 
Webber, P. Whyte, E. Williams, L. G. Williams, R. A. Williams, R. P. Williams, 
J. Wilson, W. H. Wood. 

The Chairman-Gentlemen, with the number of proxies we have I am sure we 
have more than suffieient to form a quorum, and as we have a large amount of 
work to do, I will commence by moving the adoption of the minutes of the last 
meeting as published in the Joumal. 

Mr E. H .. JohnBon-T beg to second the motion, although all members have not 
received the Journ,,[ yet. 

The Chairman-It is not the fault of the Editorial Committee that you have 
not got the J01mwl. The delay is owing to the diagrams in Prof. Hele Shaw's 
paper taking so much time for reproduction. You will find the Jow'nal here now 
and it is a credit even to The Chemical, Metallurgical and Mining Society. Most 
of the Jou""als were posted to Members last night and this morning. 

Our next business is the appointment of two ilcrutineers for the ballot for the· 
election of new members. If Prof. Wilkinson and Mr Saner will accept the duty, 
it will facilitate the business very considerably. 

These gentlemen having complied, a ballot was taken, when the Chairman said-' 
I have much pleasure in stating that the following thirteen additional members' 

have been addcd to our roll to-night-R. Kelynack Bath, Ernest Browne, Lionel 
.QoJ:1~l!, F.ft.G.fl., Lionel James Burstall Hannan, Percy Hastings, William qay 
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Hepburn, William McKenzie Jeffrey, Willard S: Morse, Charles' Beresford Nichols, 
Ernst A. Th. K. Pinckvos, Benjamin Waites, Frederick Wollaston, Pope Yeatman. 
In other words, all the candidates have been duly elected with the following six 
associates-Messrs Liston Richard Bateson, Arthur Henry Yrown, Charles Holt, 
E.M., Ishmael Minnow, Herbert Charles Seear, and Eustace Moriarty Weston, 
A.S.lIi. (Hal)" bringing the roll of the Society to something over a thousand. As 
our Secretary is busy dealing with the voting papers and the proxies outside, Mr 
,Cullen has kindly undertaken to read the Council's Report for the yea,r. 

ANNUAL REPORT 
Your Council have pleasure in submitting'their Report and Balance Sheet for 

the year ending June, 1904, being the tenth year of the Society's existence, 
The Financial Statement shows a progressive prosperity, of which any Society 

might justly be proud. Although the expenditure has been greater than 'in 
previous years, the revenue has increased also and has enabled the Society to 
enlarge its sphere of usefulness, whilst maintaining its financial soundness. At 
the same time, the work done by the Society would be still further advanced if the 
minority of our members realised, as clearly as the majority actually do, that 
·delay in payment of subscriptions retards the Society's progress. 

Regarding the "Transactions," it must be pointed out that the value at which 
the stock of Vol. 11. is brought up in the Balance Sheet is actually less than the 
cost of the stock now remaining, no profit having been taken on the sales already 
effected, but the whole amount realised has been written off the original cost of 
producing the volume. We have further to say that the Society owns a small 
stock of Vol. I., which do not appear in the Balance Sheet at any value whatsoever, 
all costs in connection therewith having been written off. 

The inclusion of Mining within the scope of the Society's work has proved very 
successful. The membership roll has increased, anum ber of valuable and interest 
ing mining papers have been read, and the Society may now justly claim to have as 
varied an interest in mining matters as any kindred society. 

The foundation of the Technical Institute in J ohanncsburg has resulted in several 
students joining our Society, and we trust that this potentially important class of 
mem bers will be still further enlarged in course of time. 

During the year under review 5 hon. members, 1 life member and 211 members 
have been elected; and 65 associates and 4 students admitted by the Council, show
ing a net increase of 5 hon. members, 1 life member, 198 members, 57 associates and 
4 students. Table No. I, showing the progressive increase in membership at the 

,end of each year since the inception of the Society, will be of interest, as also the 
classification of members in Table No II. 

We regret to record the following losses by death during the past year:-

l\Ir F. H. Aikin. 
H. C. Dickson. 
E. D. Dorffel. 
J. 111. Fraser 

Mr C. W. lIf unnik. 

111 embers 

Associates 

" J. C. Waterrneyer, 

l\Ir J. L. Hanrahan. 
.T. J. McDowell. 

" 111. Rogers. 
H. W. Scott. 

Mr J. Watkinson. 
" A. \Vood. 

5, members have resigned during the year, and 4 associates have been transferred 
to membership. 

TABLE I 

June June I June June June 
1896, 1896. 1897. 1898. 18~9. 

--------------1----
Hon. Members 
Life Members 
Members 
Associates 

• Students 

5 

49 

5 
1 

81 

5 
1 

101 

8 
1 

197 
180 

14 
1 

281 
238 

I 

June June I June 
1902. 1903. 1904. 
----------

9 13, 18 
1 1 2 

291 441 63g 
243 281 338 
-- -- 4 

544 736 11001 
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TABLE II 

MEUBEns. 

COUNTRY. A.so· STUDENTS. TOTAL. 
Life. I Ordinary. 

CIATES. 
Honorary. 

---- --------- -------

Transvaal (Witwatersrand) 6 - 469 161 3 639 
Do. (outside districts) 2 - 40 23 - 65 

Orange River Colony . - - 1 - - 1 
Rhodesia . - - 16 15 - 31 
Cape Colony 1 - 1 1 1 4 I Natal. . . . . - - 5 3 - 8 
British East and West and 

Portuguese East Africa . - 1 2 1 - 4 
British Isles 6 1 20 22 - 49 
Australasia . . - - 5 9 - 14 
Dominion of Canada . - - - 2 - 2 
India. - - - 4 -. 4 
Europe . . . . 2 - 3 2 - 7 
United States of America. 1 - 5 15 - 21 
Borneo - - - 1 - 1 
Central and South A~eric~ - - - 2 - 2 
Dutch East Indies 

j 

- - 3 1 - 4 
Mexico - - 2 7 - 9 
Addresses unknown and 

suspended - - 67 69 - 136 

------------- ---- ---

TOTAL 18 2 639 338 4 1001 

15 GenerarMeetings have been held, at which the ordinary business of the Society 
has been transacted and the following papers read and discussed. The attendance 
has at all times been excellent, the average number present per meeting being 112, 
made up of 65 members, 13 associates, 34 visitors. 
June 20, 1903.-Seventh Annual General JI'leeting. Council's Annual Report and 

. Statement of Accounts; the President's (Mr John R. Williams) Valedictory 
Address; election of officers and Council. 

July 4, 1903.-" Some lIfine Gases: their Toxicology and possible connection with 
Miner's Phthisis," by lIir A. Heymann; "A System of Crushing Rock in 
Stages by Wet Process, and Suggestions as to how this object can best be 
achicved," and" A Further System of Crushing Rock in Two Stages by Dry 
Process, with high·class cross.grinding rolls (Wegerif type)," by Mr E. D. 
Chester, lI:LAm.I.lILE., lIi.I.lI:LE. ; Discussion on previous papers. 

July 18, 1904.-The President's (Mr S. H. Pearce) Inaugural Address; "Observa. 
tions on the Metallurgical Practice of the Witwatersrand," by 1111' H. S. 
Denny; "An Automatic Pulp Sampler," by Mr J. Higham; "The Ventila· 
tion of Deep Levels," by Mr Thos. Johnson; "The Precipitation of Gold from 
Cyanide Solutions," by Jl'Iessrs W. A. Caldecott and. E. H. Johnson; Discus· 
sion on previous papers. 

August 15, 1903.-Discussion on previous papers. 
September 5, 1903.-Discussion on previous papers. 
September 19, 1903.-The Prize Scheme: presentation to Mr John R. Williams; 

"Notes On· Classification," by Messrs T. L. Carter and D. V. Burnett; "A 
New and Rapid Method of Detecting and Estimating Gold in Working Cyanide 
Solutions," by Dr J. Moil'; Discussion on previous papers. 

October 17, 1903.-" The Manufacture of Nitro·Explosives," by Mr W. Cullen, 
illustrated with lantern views of Moddcrfontein Dynamite Factory; Exhibi· 
tion of a series of lantern slides of dust in lungs, &c., by Dr Pakes and Mr 
A. Heymann; "Some Im~roven:'ents in Cy~nide Works' Clean.up appliances," 
by Mr Jas. E. Thomas; DIscussIOn on prevIOus papers. 

November '21, 1903.-" Underground Handling and Transport of Ore, chiefly in 
reference to the Rand," by Messrs C. B. Saner and Geo. Carter; "A Develop. 
ment in Electrolytic Precipitation of Gold and Silver from Cyanide Solutions" 
by Mr E. III. Hamilton; Discussion on previous papers. ' 
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December 19, 1903.-" Notes on Smelting and Cupellation," by Mr. F. L. Pidding_ 
ton; "Notes on the Limitation of the Cyanide Process," by Mr H. T. 
Durant: •• A Colorimetric Method for the Determinat.ion of the Gold in Cyanide 
Solutions," by Prof. A. Prister; Discussion on previous papers . 

. January 16, 1904.-" Ankylostomiasis: A Forewarning," by Dr W. C. C. Pakes; 
Discussion on previous papers. 

February 20, 1904.-" Notes on Mill ConstnlCtion, Milling and Amalgamation," by 
Mr I. Roskelley; "The Determination of Constants in Working Cyanide 
Solutions" (Part 1.), by Mr G. W. Williams: Discussion on previous papers; 
Analysis of Air in Council Chamber, by Mr A. Heymann. 

March 19, 1904.-" Notes on the Composition of Tobacco Smoke," by Dr J. Moir; 
Discussion on previous papers. 

March 26, 1904.-The Annual Dinner of the Society. 
April 16, 1904.-" The Decantation Process of Slimes Treatment: Its Possibilities 

and Limitations," by Mr E. J. Laschinger; "An Industrial Method for the 
Determination of the Oxygen in Working Cyanide Solutions," by Prof. A. 
Prister; Discussion on previous papers. 

May 7, 1904.-" The Determination of Constants in Working Cyanide Solutions," 
. Part fI., by Mr G. W. Williams; Discussion on previous papers. 
May 21, 1904.-" The Modern Theories of the Flow of Water, and.their Application 

in Gold Mining," by Prof. H. S. Hele Shaw; "The Analyses of Some Wit
watersrand Soils," by Mr E. H. Croghan. 

In addition to the foregoing, a paper, by Mr W. H. Virgoe (Mexico), "The 
'Consumption 'of Zinc on Cyanide Plants," was published as a contribution to the 
Jou,"wl for August. An anonymous contribution, on "The Use of Oxygen in 
Carbon Monoxide Poisoning," published in the December J01wnal, which was 
specially brought to the notice of the Transvaal Chamber of Mines by the Council, 
has resulted in the principal mines being now equipped with cylinders of oxygen, in 
accordance with the recommendation in the article. 

Two instructive excursions have been taken, the first On the invitation of the 
Directors and Manager to the Dynamite Factory, Modderfontein, on August 22, 1903, 
.and the second, in company with kindred societies, to the Locomotive Workshops at 
Pretoria, on March 16, These excursions were greatly appreciated and enjoyed by 
the members, and it is hoped that further excursions of a similar interesting 
character will be undertaken in the near future. 

Among the papers which have aroused the most interest and discussion were 
papers dealing with the unhealthy conditions of underground work, milling and 
.amalgamation, and proposed modifications in the metallurgical practice of the 
Witwatersrand. As in former years, we are also pleased to record oUl' appreciation 
·of papers by our members abroad. 

The Society's Membership List, up to December 31, 1903, has, in accordance with 
the rules, been printed and distributed to members. 

'],he Annual Dinner of the Society, celebrating the tenth anniversary of its founda
tion, proved most successful, and we were pleased to welcome on that occasion our 
Hon, President, His Excellency the High Commissioner for South Africa. 

The Council have held 17 meetings during their year of office in order to transact 
the business of the Society. The following is the attendance of each member of 
-Council :-

Mr S. H. Pearce 
W. A. Caldecott 
E. H. Johnson 
J. Yates . 

" J. Littlejohn 
F. F. Alexander 
W. T. Anderson 

" R. G. Bevington 
W. Bradford 
P. Carter 

15 ?lIr T. L. Carter 
16 " W. Cullen . 
10 " Clement Dixon 
8 " R. E. Hall . 
8 Dr W. C. C. Pakes 

11 Mr A. Whitby. 
7 D. J. Williams 

11 Ex o.fficio 
11 A. F. Crosse 

. . 12 " J. R. Williams 
An average attendance per meeting of 13. 

12 
10 
17 
11 
14 
12 
]0 

4 
16 

The Report of the Medical Sub-Committee on Antidotes for Cyanide has been 
published, and your Council wish to express indebtedness on behalf both of the 
Society and of all those engaged in cyanide work, to the medical men-Drs Pakes, 
Macaulay, Porter, and Hamilton-who devoted so much valuable time and labour in 
drawing up the Report. Copies of this Report have been furnished to all Members 
.of the Chamber of Mines and the Mine Managers' Association. 
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The Prize Scheme which your Council have been able to institute through the 
cgenerosity of various mining corporations and gentlemen, has proved, and will prove 
still more in the future, an additional inducement to our Members to bring useful 
papers before the Society. Your Council desire to place on record their extreme 
.appreciation of the goodwill shown towards the Society by the various donors, whose 
voluntary assistance served to render the Prize Scheme possible. 

With regard to the Memorial to the ]\Iembers and Associates who fell during the 
war, the Sub-Committee appointed to carry out the suggestion made by Mr Clement 
Dixon at the first meeting of the Society under the Union Jack have this matter 
well in hand, and anticipate the erection of a very handsome memorial tablet at an 
early date. It was deemed ad"isable not to hurry this matter, as the Council were 
.anxious to ensure that no names which the Society desires to honour should be 
omitted. 

Among the Sub-Committees which have done useful work are the Editorial, the 
'Cyanide Poisoning, the Monthly Social and Annual Dinners, Publications and the 
Abstractors. Messrs S. H. Pearce, W. A. Caldecott, and E. H. Johnson have 
represented your Society on the Patents Committee of the Transvaal Chamber of 
Mines; and Jlfr S. H. Pearce (your President) on the Committee for the Reception 
to the South African Association for the Advancement of Science and other functions 
of kindred societies. 

The Society's Journal continues, as heretofore, to be extensively quoted from in 
the world's mining and metallurgical press. Various small improvements in form 
and arrangement havc been introduced. Your Council, regarding this permanent 
record of your proceedings as one of the most important functions of the Society, 
have spared no trouble or legitimate expenditure npon the Journal, which con
stitutes the main inducement for our fellow workers abroad to join the Society. In 
order to maintain and still further raise the high standard of our proceedings, 
the Council would desire to impress upon Members generally the fact that 
brevity, combined with lucidity, adds greatly to the value of all contributions for 
publication. 

The Ptesident, Mr S. H. Pearce, was entertained by the Council at a smoking 
,concert, prior to his leaving for England on a well-earned holiday, in recognition of 
the manner in which he had conducted the affairs of the Society during his year of. 
presidency. 

The Members of your Society, realising the extremely valuable work which had 
been done for the Society by our Past-President, Mr J. R. Williams, presented him 
with a service of plate, as a token of their appreciation and esteem. 

The Trustees of the Seymour Library Fund approached the Council of your 
Society with a suggestion that the various scientific societies should subscribe to 
that Fund, in order that the Fund should be devoted entirely to the purchase of 
books. As the Seymour Library offered no privileges to the Members of the Society 
not enjoyed by members of the public, the Council did not see its way to comply 
with the suggestion referred to. 

Your Society, together with the other scientific societies of the Transvaal, enter
tained the South African Association for the Advancement of Science at a con ver
sazione, which proved to be a great success, and succeeded in bringing the Members 
of your Society into closer touch with their fellow workers in scientific and technical 
matters. 

The President of the Society, acting upon a resolution of your Council, has 
approached the presidents of the kindred societies in order to discuss whether it 
would be advisable to have II.n industrial exhibition in Johannesburg to synchronise 
with the visit of the British Association to South Africa, and a report will be 
submitted to you in due course. 

The thanks of the Society are due to the Editorial Committee and to the 
Abstractors, especially Mr T. L. Carter, for their arduous and gratuitous labours. 

The Social Dinners, immediately preceding each JlIonthly Meeting, have proved 
very successfnl, and the thanks of Members are due to Messrs WhItby, Yates and 
Dixon for organising these pleasant and informal functions. 

In conclusion, we wish to record our thanks to our indefatigable Secretary, Mr F. 
Rowland; to the Hon. Auditors, Messrs A. Aiken and F. J. Carpenter, for their 
work in auditing the Society's accounts; to Messrs Van Hulsteyn, Feltham and 
Fry, the Society's Honorary Solicitors, for legal advice on various matters, and also 
to the Transvaal Chamber of Mines for their continued kindness to the Society in 
extending the use of the Council Chamber to the Society for its meetings. 

The Chairman then called upon the Secretary to read the Balance Sheet for the 
year. 
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Dr. 

1903. 
£ s. d. 

85 19 10 
21 11 2 
55 3 0 
51 10 0 

270 10 0 

484 14 0 
83 10 6 

(585 12 1 

229 4 9) 

356 7 4 

THE CHEMICAL, METALLURGICAL AND MINING SOCIETY OF SOUTH AFRICA 
REVENUE ACCOUNTS FOR YEAR ENDING JUNE'10, 1904 Cr. 

EXPENDl1'URE. 1904. 
£ s.d. £s. d. 

To Charges (including Postages, 
Attendance, Bank Charges, etc.) 161 2 8 

" Stationery . 15 19 0 
Printing and Advertising 196 18 3 

" Rent and Lighting 98 19 0 
"Salaries. 278 3 4 

Depreciation on Furniture 7 10 0 

Loss on Annual Dinner 
Society's Journal-

" Cost of Reporting, Printing, 
Postages and Sundries . 1,070 7 3 

Less Received for Subscriptions 
and Advertisements 350 19 0 

758 12 3 

55 5 9 

1903. 
£ s. d. 

525 9 0 
264 11 0 

790 0 0 
128 2 0 

20 3 3 

310 7 

REVENUE. 1904. 

By Subscriptions
Members 
Associates 
Students 

£ s. d. 

1,063 13 0 
254 2 0 

1 1 0 

£ s. d. 

---- 1,318 16 0 

Entrance Fees . . . 215 5 0 
Profit on Sales of Vol. r. Transactions-

Total Sales during year. 29 1Q 6 
Less Costs and Expenses. 21 10 0 

896 
" Balance, deficit on year's working 

17 4 0 " Balance, surplus on year's working. 

719 8 3 

1,533 6 3 
943 

941 15 10 1,542 10 6 941 15 10 1,542 10 6 

BALANCE SHEET, JUNE 10, 1904 
1903. LIABILITIES. 

£ s. d. £ s. 
44 10 6 To Sundry Creditors . . 222 4 
68 5 0 " Subscriptionsfor1905paidinadvance 47 5 

3 5 0 " Memorial F11nd 9 13 
---- Prize Fund 50 0 

ASSE1'S. 190-4.-- I 1903. 
d. £ s. d. £ s. d. 
4 380 0 10 By Cash at Bank 
o 0 13 1 "Cash in Hand 
6 
o " Office Furniture 

329 2 10 I 380 13 11 
" 1'ransactions, Vol. II.-

1904. 
£ s. d. £ 8. ,d.·-

281 13 6 
063 

281 19 9 
25 0 0 

116 0 6 

427 6 3 

3 10 7 

" Revenue Account
Balance at June 6, 1903 
Add surplus as per Revenue 

Account, June 10, 1904 . 

423 15 8 

943 

Total Costs and all Charges 409 7 3 
Deduct: Salesduringperiodending10j6j04168 7 9 

---- 240 19 6 
214 3 6 432 19 11 1159 2 3 " Sundry Debtors (for Advertisements, etc.) 

423 15 8 

589 16 2 

JOHANNESBURG, June 17, 1904. 

7112 2 9 762 2 9 I 539 16 2 
------~~~==~~~~ 

I have examined tbe foregoing Statement. of Account, compared them with the W. A. CALDEC01'T, Vice-President. 
Books and Vouchers of the Society, aurl I find the statements to be true and correct. J. LITTLEJOHN, Han. TreasltJ'e1·. 

ALEX. A1KI!:N, }J£, A d'l FREDK. ROWLAND, Secrefar". 
Incm'pQ)'ated Acconntant, on. u ~ o}". Assoc, Charte,.ed Ins!. Secr;taries. 
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Election 0/ Office-Bearers 

The Chairman-I rise to formally move the adoption of the Report of the Council 
and Balance Sheet. I will deal with the Balance Sheet first. You will see that 
the Society is very much in the position of lions swimming. Our motto may be the 
one suggested by Prof. Hele Shaw, or it may be another one: ., We strive to keep 
our head~ above water." We have given you a great deal of motto in the 
Journal, or you have given it us, and we have come out on the right side with a 
balance of £9, 13s. on the year's working. This is very satisfactory, considering 
that the pages in the Jou1"nal have been increased from eighteen to thirty·eight 
pages, not counting the additional plates and drawings. For the great increase in 
membership we should all be grateful, as they have not only come from Johannes· 
burg, but from all parts of the world. In their Report the Sub-Committee have 
purposely mentioned the way in which the Society's Journal has been reproduced in 
other parts of the world, and I think it is a matter of great satisfaction. I have 
much pleasure in moving the adoption of the Report and Balance Sheet. 

Mr A. F. Crosse-Gentlemen, 1 feel capable of saying a few words on this subject, 
for I have not had much to do with the preparation of the J01<1"nai, and I· should 
like to express my thanks to those gentlemen who have spent so much time upon it. 
The whole world copies our Journal. I took up a German paper and thought I was 
going to learn something new from Germany. It was our Jou,.,,,,l. I took up an 
American paper and found it was our Journal also. I beg to second the motion. 

The Chairman then put the adoption of the Report and Balance Sheet to the 
meeting, which was unanimously agreed to. 

The Secretary-The following message has been received by one of the Members 
of the Council: "Mr J. S. McArthur desires to convey to the Society his apprecia
tion of the honour conferred upon him by electing him an Honorary Member year 
after year. He also offers his congratulations to the Society on the mccess it has 
attained in becoming one of the best technical societies in the world, with one of the 
best technical journals, containing matter full of life and very much to the point." 

The Chairman-Gentlemen, we now come to the various elections, and I will ask 
four gentlemen to act as scrutineers. I propose Mr Littlejohn, Mr Dixon, Mr 
Hart and Mr Edwards. 

Mr W. Cullen-I second that. 
Mr E. H. Johnson-I see I am nominated for the Presidency. I am extremely 

grateful to those gentlemen who have nominated me, but I would prefer to see Mr 
Caldecott in the chair, as I am at too great a distance from town. 

The Chairman-Since Mr Johnson has withdrawn his name as a candidate for 
election as President to-night, which I must say 1 regret, while in a sense I rather 
agree with IIIr Johnson. He is ralher too far away from town just now, but I am 
hoping that before long he will come into one of the head offices here, when we 
shall be able to utilise his services to greater advantage. It is, therefore, my duty 
to declare Mr Caldecott duly elected as President of this Society. Gentlemen,.I 
may honestly say, as one who has done a small amount of work for the Society, that 
nearly all of your Members know lI'lr Caldecott very well, but very few of you can 
appreciate the great work he has done during the last ten years for the Society. 
Only people like myself, Jiving in town, can know the amount of his own time that 
lI'lr Caldecott has spared for the Society. I can honestly say IIII' Caldecott is a 
scientist to the backbone. He has done an immense amount of work for the 
metallurgy of South Africa in general and for The Chemical, Metallurgical and 
Mining Society in particular. I am certain that you are not going to place a square 
plug in a round hole, and I have very much pleasure in complimenting the Society 
upon their election of Mr W. A. Caldecott as President. 

Mr W. A. Caldecott-Gentlemen, I thank you very heartily for the very kind 
way in which you have received my election to this most responsible position, and I 
also thank my friends Mr Williams and Mr J olmson for the remarks they have made. 
I only trust that when my year of office is ended I shall be able in some slight 
measure to deserve it. Work for The Chemical, Metallurgical and Mining Society 
.has always been and always will be a labour of love, and that being so, I can say 
with all sincerity that I will do my best. 

The Chairman-l would like to point out one thing regarding the prizes. ·Whilst 
the amount for seven prizes has been duly guaranteed, tile Adjudicating Committee 
will be requested, supposing that Oil any particular branch they get no paper merit
ing an award, not to grant an award in that branch for the year. 

Mr A. F. Crosse-We have a certain amount of time to talk over things whilst the 
serutineers arc getting through their work. I am afraid I have not been a regular 
attendant of the Council and 80 am able to speak as if I were not a Member. As 
regards these prizes, I see my name down amongst the nominations, and I should 
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Election of Office-Bearers 

like to state my opinions. I should like to say I would not propose that any man 
should receive a prize, except under exceptional circumstances, who is making a 
pecuniary profit out of the paper or procesH, either by patent or who has been paid 
by the Chamber of Mines. I mean that if a man brings out a process for which 
he gets £100 or £1000, I do not think hc cleserves a prize, or if a man were to get 
money or a patent, I do not think he cleserves a prize, but if a man brings forward 
a paper for which he cannot possibly get any remuneration and his paper is better 
than anyone else's, he deserves a prize. That is my opinion, and if you do not agree 
with me, do not vote for me. 

The Chairman-Would any other gentleman like to say a word on this subject 1 
Mr W. Cullen-I differ from Mr Crosse altogether. 
Mr W. Bradford-I would like to say I differ from Mr Crosse also. I do not see 

why, if a man has been fortunate enough to patent a process which is of merit, and 
it paper written on the process is worth a prize, it sholllci debar him from the com
petition. I think he ought to have as much as he can get. 

The Chairman-I am not exactly your Chairman, nor even a Membe,' of your 
Council, I attend sometimes ex officio, and l\Ir Crosse and myself have worked for 
twelve years together. We do not always agree, and I certainly do not agree with 
him to-night. One of the biggest awards given, is a prize every Member of the 
Society can enter for, namely, the prize for the paper of the "greatest utility to 
the mining industry." I do not see why, if anyone can give us au extra grain 
of gold to-morrow, and if he brings forward a paper on the subject, he should not 
get a prize for it. I would like to get the opinion of some of the Members as to 
what the business of the adjudicators ought to be. lIfr Crosse has raised the point. 
I may say there are workers on our fields who have brought forward small improve
ments not patentable, and because the Companies using the device have given them 
£20 or £30, surely they are not dcbarred from competing for the gold medal of the 
Society. 

Mr W. Cullen-This prize is a sort of a double-barrelled one. It carries £50 and a 
gold medal. I dare say wc are all human enough to wish we had several times £50, 
but I think Mr Crosse, when he was speaking, forgot that there was a distinct 
honour attached to the prize, namely, the winning of a gold medal, which is a 
greater honour for anyone to aspire to than winning £50. My feeling is this: I 
have something in hand just now myself, which I hope will bring me in some filthy 
lucre. I also hope to have a try for this gold medal in one section-I won't say 
which just now-and I don't see why, if I try to win some filthy lucre, I should be 
debarred from winning this gold medal. 

Mr A. F. Crosse-I was thinking more of the £50 than of the gold medal. 
Mr W. Cullen-It may be interesting to state that the conditions are already laid 

down. 
Mr Alexander-The conditions have been laid down as far back as the September 

(1903) Journal. I think, perhaps, if our Secretary will read out the conditions it 
will settle the question. 

The Secretary read out the conditions as already published. 
The Chairman-While tbe scrutineers are doing tbeir work, if any gentleman has 

got any remarks to make on any paper on the agenda we shall be pleased to hear 
them. 

There being no response, the Chairman asked the scrutineers to collect the ballot
papers for the adjudicating committee, and later on said: Gentlemen,-The 
scrutineers have just handed in thcir report of the ballot. I have very much 
pleasure in reporting that our three Vice-Presidents for this year are Mr W. Cullen, 
lIf r E. H. Johnson and Mr ,V. Bradford. I do not want to flatter you, but in this 
election you have shown sound judgment and sound common sense; you have put on 
a chemist, a metallurgist and a miner, and I am very pleased to see it. ,Ve have 
added the subject of mining to the title of the Society, and lam 'sure everyone of us 
will welcome a mining engineer in the person of 1I1r Bradford as one of the Vice· 
Presidents of the Society. Another remarkable thing is this: our title reads 
chemistry, metallurgy and mining, and the order of selection is chemistry, 
metallurgy and mining. 

The Secretary-l have heard that one or two gentlemen were refused concession 
tickets at several railway stations to-day, and I shall be glad if all those who have 
been refused them will let me know. We had the' same trouble last year, and I 
received a letter from the Chief Traffic Manager stating that every station master 
had been notified. 

A Member-My station master at Cleveland told me he had not received the 
notice, but he was quite prepared to issue me a half-ticket. 
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Election of Office-Bearers 

Mr A. F. Crosse-Up till ten days ago, we used to have a train going back to the 
East Rand at 10 o'clock; a very convenient train for those in town on business. At 
present special trains are provided for people attending evangelical services, but on 
future evenings, according to the new time.table, I shall have to wait until the 11.35 
train, and stand amongst an uproarious crowd all the way to Germiston. I think 
a protest is needed, as the conditions of travel on this 11.35 train are a disgrace to 
civilization. 

A Member-All the East Rand members will endorse your statements most 
heartily. It is most inconvenient for all of us. One can never get home until 
Sunday morning. 

The Chairman-While the scrutineers are at work, I may say that there is only 
one candidate for the office of Hon. Treasurer. I am sure it will be a source of great 
satisfaction to you, to know that Mr Littlejohn has again undertaken the work of 
Honorary Treasurer of the Society, and, while the Council have thanked him in the 
report, I am sure you will agree with me that he deserves a very hearty vote for the 
work he has done since he returned from Europe. 

Another business before us is the clection of two auditors. Mr Aiken has acted 
for us for many years, and, I am pleased to say, is prepared to stand as auditor for 
this year. .My other recommendation to the Society would be to request !Ill' P. L. 
Edwards of the Crown Deep to act in conjunction with Mr Aiken as auditor. I 
would like someone to second it, and if there are no further nominations we shall see 
whether an election is necesssary or not. 

Mr Crosse seconded. 
These gentlemen were unanimously approved. 
'rhe Secretary drew attention to the fact that if no further written contributions 

to discussions on the four following papers were received by the 27th inst., the 
discussion would be closed, in order that the authors could reply at the next 
meeting :-

"Underground Handling and Transport of Ore, chiefly in reference to the 
Rand," by Messrs C. B. Saner and George Carter. 

"Notes on Smelting and Cupellation," by Mr F. L. Piddington. 
"Notes on the Limitations of the Cyanide Process," by Mr H. T. Durant, 

F.C.S., lILI.M.M. 
" Ankylostomiasis: A Forewarning," by Dr W. C. C. Pakes. 

The Chairman-I trust all of you who have any remarks to make on these papers 
will do so as soon as possible, as the Editorial Committee have an immense amount 
of work to do, and we are carrying a lot of work over to the next Council. If you 
can send in written contributions as soon as possible. they will be welcome, as we 
hope to clear off at the next meeting this lot of papers from the already large list 
that we have. 

The result of thc ballot for the new Council is as follows:-

F. F. Alexander. 
R. G. Bevington. 
P. Cartcr. 
T. L. Carter. 
R. E. Hall. 
A. Heymann. 

A. lIIcA. Johnston. 
Dr W. C. C. Pakes. 
lIl. Torrente. 
C. B. Saner. 
A. Whitby. 
D. J. Williams. 

On looking through the list I am pleased to find that all the old councillors have 
been electcd. Our new Council consists of four metallurgists, four chemists, and 
four mining men. which, including the three Vice.presidents, a chemist, metallurgist, 
and a mining man, should make a very well balanced Council. 

The Sccretary announced the result of the ballot for the Prize AdjUdicating 
Committees as follows :-

llnni?lY-
C. J. Price (Chairman). 
W. Bradford. 
P. Carter. 

Milling-
J. R. Williams (Chairman). 
R. G. Bevington. 
P. Cartcr. 

Cltendstry-
A. F. Crosse (Chairman). 
W. Cullen. 
A. Heymann. 

l1Ielallw·.qy-
J. R. Williams (Chairman). 
E. H. Johnson. 
j\l. Torrente. 
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V£sit to the Dynamite Factory 

Cyanid'ing- Ag",:cultHml 0"e1llis(,'.0/-
J. R. Williams (Chairman). W. Cullen (Chairman). 
E .H. Johnson. Dr Moil'. 
A. F. Crosse. A. Heymann. 

The Chairman-I propose a hearty vote of thanks to the scrutineers for the work 
they have done, and I have to thank you all for your attendance here at a very dry 
and long meeting. 

The meeting then closed. 

VISIT TO 'rHE DYNAMITE FACTORY 

On Saturday, August 22, the Members and Associates of the Socicty, to the 
number of 105, paid a visit to the Dynamite Factory at Modderfontein by the kind 
invitation of the British South Africa Explosives Company, Ltd. 

The party included Mr S. H. Pearce (President of the Society), M r Fredk. Rowland 
(Secretary), Drs F. Garny, Macaulay, J. Moir, O. Porter, and W. C. C. Pakes, Messrs 
A. E. Adams, Fraser Alexander, \V. 'I'. Anderson, J. 1<'. Bagshaw, E. L. Bateman, 
H. C. Beadon, J. W. S. Beatty, W. Hegbia, W. K. Betty, l~. G. Bevington, P. 
Billyard, W. Bradford, W. Broom, A. F. Brunn, W. A. Caldecott, J. Caldow, G. 
Carter, P. Cart<)r, T. 1,. Carter, R. M. Catlin, C. Chater, G. Cochrane, W. Colbert, 
L. Colquhoun, E. H. Croghan, A. F. Crosse, W. Cullen, P. W. Dace, G. A. Darling, 
J. Davies, G. Davies, Clement Dixon, R. Dures, James Dykes, W. C. Gell, K. L. 
Graham, R. E. Hall, H. L. Harland, F. Heim, Howard Hill, C. B. Hilliard, C. E. 
Hutton, A. B. Inglis, E. H. Johnson, J. H. Johnson, A. McArthur Johnston, .R. L, 
Kerr, A Kressmann, T. H. Lake, A. MoNaughtan, R. H. Mann, C. C. Marshall, 
J. McCracken, G. Melvill, H. Meyer, F. l\Iills, .Tohn Mitohell, W. E. C. Mitchell, 
P. H. Monckton, P. T. Morrisby, W. Nass, R. D. Newland, S. Newton, R Nicholls, 
A. E. Payne, F. E. Pollard, R. Raine, A. Richardson, W. Roff, I. Eoskelley, H. 
Rusden, C. B. Saner, George Seeton, A. Schramm, D. Simpson, G. O. Smart, H. J. 
A. Spandaw, A. L. Spoor, \V. Mc\). Stokes, G. D. Stonestreet, P. S. Tavener, 
J. E. 'reesdale, H. M. Templer, J. E. Thomas, M .. Torrente, E. C. Townsend, L. E. 
Wainright, J. Craig Watson, E. Weiskopf, A. Whitby, H. R. S. Wilkes, J. A. 
Wilkinson, G. W. Williams, H. V. Williams, J. R. Williams, R. Wormald, J. Yates, 
and H. Young. 

The visitors travelled to the Factory siding at Modderfontein, via Zuurfontein, by 
special train, and were received On arrival by Messr" William Cullen (General Works 
Manager), L. Colquhoun (Under Manager), Mr Burmister (Chief Engineer), E. 
Weiskopf (Chief Laboratory Chemist), A. 'K Barnes (Superintendent, Faotory II.), 
'1'. Donaldson (Superintendent, Factory III.), W. Colbert (Superintendent, Acid 
Department). 

Under the guidance of these gentlemen, the guests were conducted all over the 
oxtensive works, visiting, in turn, the mixed acids station, the central acid station, 
the nitrating-house, the separator, the refuse aoid tanks, the final washing-house, 
the mixing-houses for dynamite No 2. and blasting-gelatine, the kneading-house, the 
cartridge-filling houses, the packing department, the collodion-cotton drying house, 
the waste acids recovery house, the box factory, the paraffinage, the dope factory, 
the mechanics' shops, the electric station, the laboratory, and the observatory. 

The whole process of manufacture was fully explained by the officials of the 
Company, greatly to the interest and instruction of the visitors, many of whom were 
much struck by the enormous area of the works, covering, as they do, some 5000 
acres, and containing no fewer than five separate fact.ories and over fifty magazines. 
The factories are constructed like huge forts, and the resemblance is heightened by 
the fact that the white workman in the danger-zone are clothed from head to foot in 
bright red woollen garments. These men carry their lives literally in their hands every 
moment, and small wonder it is that in the majority of cases they wear a strained 
expression of countenance, and show a watchful intentness on their duties, born of 
tho knowledge that a sudden and awful death is ever by their side. The slightest 
lack of care means utter annihilation; that boiling hell-broth in the nitrating-house, 
that innocent-looking dough in the kneading-honse, those heaps of collodion-cotton 
in the drying-house, all contain the latent potentialities of such another catacl)'sm 
as devastated the Royal Laboratory at Woolwich Arsenal only a few weeks ago. 'l'he 
factory at present employs about 300 white and 800 coloured work people, including 
a number of Italian and Boer girls. The anthorities spare no efforts to make the 
lives of their employees as bright and as happy as possible. There is a re~lly 
palatial Casino and Club, with lihrary, reading-room, billiard and card-rooms, 
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V£sit to the Dynamite Factory 

dancing hali, music, games, and every other requisite for indoor enjoyment; boating 
and fishing can be had on the three fine dams on the property; there is a local 
squadron of the J.l\LR., under the command of Captain Cullen; the Modderfontein 
bmss band is another attraction; and the lJIodde>jontein Gazette, a brightly written 
and well edited monthly journal, having for its avowed object "to irritate, to 
ventilate, to abuse," contributes in no small degree to the general good humour. In 
fact, every taste is catered for at Modderfontein, while the beautiful valley, on the 
slopes of which the works are scattered, lends itself to all manner of health-giving 
exercise and quiet enjoyment. 'l'he lines of the employees at Modderfontein are 
truly cast in pleasant places. 

At 1 o'clock a sumptuous luncheon was served at the Club, and, after the visitors had 
done full justice to it, Mr S. H. Pearce, the Presicl.ent of the Society, rose to 
propo,e the toast of "Mr Cullen and the Staff of the Factory." He thought the 
Society owed Mr Cullen a very deep debt of gratitude, not only for the trouble he 
had taken, but for the forethought he had shown in arranging for the first outing 
the Society had ever had. (Applause.) The visit which Mr Cullen had arranged 
for them that day, he thought, would .tand out amongst the annals of their Society. 
Their Society had got the name of being rather a go-ahead Society lately, but he did 
not think any of them contemplated the possibility of such an outing as this. Their 
visit was remarkable in more points than One. The first point was the one he had 
already mentioned, that this was their fiJ"Et day's outing as a Society; and he did not 
think there were any of them who had"been out that day who would not appreciate 
the change and the fresh air after the dustiness of the mines. But there was 
another point of view-the educational one. (Hear, hear.) In the first place, some 
time before the war, the statement was made that this was only a bogus factory. 
(A voice, "Oh, no ! ") Well, it was so-(laughter}-but it was conceded before the 
war that it was a factory and he did not think there conld be any doubt remaining 
in their minds to-day that this was the finest factory in South Africa. (Applause.) 
He thought himself that these visits to industrial enterprises of this kind might be 
encouraged, not only in their Society, but amongst others, because he was quite 
sure that, froni an educational point of view, there was no education which could be 
conducted with the same amount of perfection as that which was conveyed through 
the eye-an education which they never forgot; and he was sure that what they had 
seen that day would remain in their minds for many a long year. Another thing 
which he wished to allude to was the extraordinary amount of trouble and care which 
Mr Cullen and his staff must have taken in order to organise that trip. (Applause.) 
With regard to that, however, Mr Cullen had a,ked him not to say too much; 
therefore he would simply ask them to drink with him very heartily to Mr Cullen 
and the staff of the Dynamite 1<'actory. (Loud and prolonged cheers, and the 
singing of "For He's a Jolly Good Fellow.") 

Mr W. Cullen, on rising to respond, was warmly cheered. He was quite sure, he 
said, if this visit had gi ven them the great amount of pleasure which l\1r Pearce had 
just said it had, that it had given himself and his staff an equal amount. Some of 
the staff were members of their progressive Chemical, )ietallurgical and Mining 
Hociety, and, as such, they were only too anxious to meet their fellow members and 
greet them as such there. But they also welcomed them there-and he spoke more 
for his Company than himself-as representatives of the largest mining industry 
concentrated in the world. (Hear, hear.) He was very pleased indeed that Mr 
Pearce had made an indirect reference to the old days. He was afraid, on an 
-occasion like this, they could not get away from the fact that there were old day. in 
the hi. tory of the concern. (Laughter.) Personally, he looked on that from quite 
a different point of view to most of them to-day, and he looked upon the old 
Dynamite Company as a very good benefactor to himself and his staff generally. 
(Laughter.) Whatever they did in the past-and they were found out-(laughter) 
he must say that other people very much the same were not fonnd out (renewed 
laughter) he would say this, that, although they earned princely profits, they 
looked after their staff well, as that building evidenced -as that factory evidenced. 
(Applause.) 'l'here was a popular idea that the factory was the ordinary tinpot, tin
and-iron sardine-box that they saw everywhere in this country. He was sure that 
day's visit would have convinced thorn that that was not the case, and he looked upon 
that visit as something in the way of the newspaper advertisement, for they could 
tell their friends that there was such a thing as a dynamite factory in South Africa, 
and the Company was month by month turning out more nitro-glycerine than any 
other factory in the world, even with the present limited production on the Rand. 
He was sorry he had not had time during the past few days to prepare some statistics 
to carry away with them, but, off-hand, he could give them some rough figures, 
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Visit to the Dynamite Factor), 

which would be more easily remembered. 'i'he capital of the Company was 
£1,100,000. Now, it was quite true that mo.t of the money in the past earned by 
the Company had been spent in building that immense factory, and at the present 
moment he could say, as the representative of the Oompany, that that £1,100,000 
was represented by brick, mortar, machinery and plant of various kinds. 'i'hat was 
a thing very few companies could 8ay. 'fhere was such a thing as "watering "-he 
believed it was not unknown on the Rand (laughter) but, so far as its capital was 
concerned, the Dynamite Oompany was not" watered." (Applause,) Not only had 
they to carry tremendous stocks of explo.ives-they had now in hand about 60,000 
cases-but they had to carry immense stocks of raw material, because tbey had 
not found the material in this country yet in sufficient quantity. 'i'heir stocks of 
raw matuial and explosives, and their plant, machinery and buildings, represented 
altogether a sum of very nearly £2,000,000 sterling. As to manufacture, they were 
n'ot tllrning out very much just now-only about 18,000 cases per month, and they 
were selling about the same. That, calculated per stamp, worked out at about the 
same ratio as before the war. 

He had been comparing the relative ratio of fatalities in a large factory like that, 
where the potential risk was always present, as compared with that on the mines, 
where the potential risk was not so much present; and he had been led to the con
clusion that tbe amount of accideuts, very often fatal, was out of proportion alto
gether to the use of the explosive, and he went so far as to say that every employee 
there would rather be connected with the manufacture of explosives than with the 
use of them. He was fully convinced that there was some educational authority 
needed along that line of reef to point out to men, in a common·sense manner, the 
precautions whicb they ought to take, and which they shonld be made to take, by 
legislation. (Hear, hear.) He thought there was great room for improvement, and 
personally he was quite willing, under a technical education scheme, to do all he 
could by lecture and demonstration to assist in reducing that frightful mortality. 
(Applause.) Reading the papers from day to day, an!1 8eeing so many accidents, 
they had still no conception, unless they studied the official returns from year to 
year, what the cumulative effect really was, and to his mind it was wmething 
frightful. Of course, even under the best and strictest legislation, accidents would 
happen; but he put the present mortality on the reef down to this, that every 
miner thought he was an expert in the use of explosives. No doubt some of them 
were, but at least 50 per cent. were not. He was sure his staff would be willing to 
help, the same as himself, and he hoped the Society might inaugurate such a 
scheme as he bad suggested. He thanked them, on behalf of the staff, and on 
behalf of his Company, for the very eordial sentiments they had expressed through 
Mr Pearce. He was sure such meetings as that could do nothing but good all 
round. (Hear, hear.) Of course he hoped, as regards his Oompany, that it would 
do good as a matter of business (laughter) but he was also glad that everything 
had gone off so well, that they had such a good outing, and that they had smelt the 
ozone-he believed tbere was some of it there, although it wa.~ mostly nitrogen 
peroxide (laughter) and he hoped they would go away with a kindly feeling to
wards the dynamite industry. (Loud applause.) 

After lunch, during whicb the local band pl"yed several selections in good style, 
the acid factory, which supplies all the acid8 used in the manufacture of the explosives 
was visited, after whicb Mrs Cullen kindly provio.ed tea at the Manager's palatial 
residence. 

Before leaving by the special train, cheers were given for Mr and Mrs Oullen and 
the" wee" Oullens, and the visitors, who were greatly pleased with their trip, got 
back to town by 6.30 P.M. 
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Report on Cyanide Poisoning 

II 

REPORT OF COMMITTEE OF THE CHEMICAL, METAL
LURGICAL AND MINING SOCIETY· OF SOUTH 
AFRICA UPON CYANIDE POISONING 1 

To the Council of the Chemical, Metallurgical and Mining Society. 

Gentlemen,-ln submitting their report upon cyanide poisoning, the Committee 
have to express regret that there should have been so much delay in the matter, but 
this has been due to the Medical Sub·Committee having gone very thoroughly into 
experimental research for the purpose of obtaining reliable data for their report, 
which is attached herewith. 

The interim report of the Committee, published in the .Tournai of March, 1903, 
has already covered all branches of the investigation, with the exception of the 
antidotes, which forms the basis of the sub·medical report, and we cannot commend 
too highly their labour in the matter, and as it practically covers and provides for 
all cases, we consider it only due to them that it should remain as it stands for 
publication. 

We think it advisable to draw special attentiun to the remarks upon the use of the 
stomach pump, and, in view of the disastrous results that might ensue from its mis· 
use, consider that the point raised cannot be too strongly emphasised. It should 
also be remembered that the antidote advised is intended for emergency use, and if 
administered in time, is absolutely effective, even in the hands of the merest tyro, 
and there is, therefore, no necessity for the acquisition of more than is here 
recommended. 

In regard to the suggested storage of the antidote, we would recommend a modi. 
fication, which, we think, would be more suitable in case of accidents, in that the 
boxes should each contain one set of the reagents, instead of the three recommended 
by the Sub·Committee, and that three or more sets should be kept in prominent and 
easily accessible parts of the cyanide works, such as the extractor house, the tanks, 
the testing room of slimes plant and the assay offices. 

We further recommend the printing of instructions, as under, to be distributed 
among the mining companies for posting up in the cyanide works, and that each 
antidote set should have the same enclosed with it, so that no time may be lost in 
administering the antidote for want of knowledge of procedure. 

INSTRUCTIONS HOW TO PROCEED WITH THE TREAT!liENT OF A 
CASE OF CYANIDE POISONING IN 'l'HE ABSENCE OF MEDICAL 
ASSISTANCE 

::5ince the whole chance of success depenns upon the very prompt adminis· 
tration of the antidote, the fir'st thing to be done is to prepare the antidote 
and to give it to the patient. 

Preparation of Antidote.-The antidote consists of two solutions i" sealed 
glass phials, coloured blue and white respectively, and a powder in a corked 
glass tube. 

In order to prepare this antidote, the contents of the two phials are poured 
into the tin mug and the powder emptied into the fluid and well stirred with 
the spoon. 

Adrninistmtion qf the Antidote.-If the patient is conscious, he should be 
made to swallow the mixture at once, and to lie down quietly for a few 
minutes. 

If he is not conscious, he should be placed on his back, his mouth held 
open, and the mixture should be poured down his throat in small quantities, 
and, if necessary, his nose should be pinched, in order to cause him to 
swallow the mixture. 

Further' Proclldur·e.-Ncedless to relll;trk, a mesaenger should be despatched 
to procure medical assistance. 

After the antidote has been administered, the patient should be made to 

1 See Proceedings, Vol. Ill. pp. 418·419. 
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680 Report OIl Cyanide Poisoning 

vomit. This may be done by tickling the back of the thlOat with a feather 
or the finger, or, if necessary, administering a tumblerful of warm mustard 
and water. 

ANDREW F. CROSSE. 
E. H. JOHNSON. 

REPORT OF THE J\1EDICAL SUB-CmUUTTEE ON CY ~NIDE POISONING 

The Committee on Cyanide Poisoning. 

Gentlemen,-We beg to submit our Report upon the treatment of cases of 
accidental cyanide poi-oning. 

We have had before us the various remedial measures, a!ld, excluding such 
substances as .ilver nitrate, etc., we have confined our attention to three, viz. 
hydrogen peroxide, salts uf cobalt, and alkaline ferrous sulphate. 

1. 11 yd"ofjen Peroxide. - When hydrogen peroxide is added to hydrocyanic acid, 
the latter is gradually oxidised to a harmless compound. (It is here interesting to 
note tbat Professor Martin could not succeed in producing oxamide by the oxidation 
of hydrocyanic acid by hS drogen peroxide, although it has been long understood 
that this substance was pr"duced.) '1'he reaction is, bowever, an extremely slow 
one; indeed, Professor Martin found that at body temperature, when he took 
H20 2 : KCN : : 7 : 1 in the test tube twenty-two mmutes w,,, required to convert 
the potassium cyanide; when in less excess a considerably longer time. Further, 
he found that hydrocyanic acid took a longer time to convert than potassium 
cyanide, and that thc presence of hydrochloric acid .till further increased the 
necessary time. 

Even though failure Was anticipated, Professor Martin experimented with rabbits, 
and found that when a rahbit had received a certainly fatal dose of potassium 
cyanide, the exhibition of the hydrogen peroxide not only did not save the life of 
the animal, but did not even retard its death. 

As regards the successful results which Professor Kobert and others have attributed 
to the exhibition of hydrogen peroxide, your Committee do not wish to express any 
opinion. We would merely throw out suggestions as the result of our own 
experiments. . 

1. The usual minimal lethal dose for the dog was found to be 0'01 gramme per 
kilogram me One animal, however, a mongrel Irish terrier, was given 0'04 gramme 
per kilogramme ; he was affected to some extent, but recovered. 

2. Professor Martin found that with a just sub-lethal dose rabbits may apparently 
be dying, but after tbe lapse of twenty to twenty-five mil1utes, gradually recover. 

3. If tbe stomach is washed out with hydrogen peroxide, the actual washing will 
remove the excess of hydrocyanic acid, and may thereby convert an otherwise lethal 
into a sub-lethal dOEe. . 

'faking into consideration, therefore, the two facts, (1) that the action of the 
hydrogen peroxide is a slow one, and (2) that tbe method recommended by Professor 
Kobert includes washing out the stomach, your Committee could not see any 
advantage in the adoption of this method if only on account of the fact that a 
stomach tube is not always or easily accessible, and that even when it is accessible it 
requires a skilled hand to pass it successfully. 

The alternative method of exhibition, viz. by subcutaneous injection, seems to us 
to have fmtber dbadvantages. Firstly, the hydrogen peroxide is decomposed in 
the presence of organic matter; secondly, the absorption into the blood stream is 
comparatively slow; and thirdly, the gaseous emphysema of the tissues, which is 
a concomitant of its injection, is not to he desired, especially when it is rccognised 
that this emphysemo, is frequently followed by local ganb'Tene. 

Your Committee therefore considered the secund alternative, namely, the 
administration of salts of cobalt. 

There is no doubt that when cobalt salts are added to a solution of soluble cyanide 
an insoluble and therefore innocuous cyanide of cobalt is formed, and that practically 
instantaneously. 

On theoretical grounds, therefore, salts of cobalt might with advantage be used 
as an antidote in cases of cyanide poisoning. 'l'here is one great disadvantage 
however: in order to insure the immediate conversion of the cyanide the salt must 
be given in excess; this excess would result in there being in the stomach a residuum 
of soluble cobalt salt, and, as the colbalt salts are in themselves poisonous, the 
remainder would have to be eliminated either by an emetic, or by means of stomach 
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Report on Cyanzde Poz"sonz"ng 681 

pump, neither of which is to be recommended in the case of a person just recovering 
from a dose of cyanide when his heart is necessarily deprcssed. 

There remains. therefore, the old alkaline ferrous Bull'hate. The perhaps still 
usual method of administering ferrous sulphate is probably not always attended by 
satisfactory results on account of the comparatively large amount of alkali which 
must be introduced into the stomach to insure the requisite degree of alkalinity for 
the immediate conversion of cyanide into ferro-cyanide. 

If a canstic alkali is used, it would require to be used (in order to be administered 
in reasonable dose) in snch a strength as to be canstic to the mucous membrane of 
the mouth and ",sophagus. if a carbonate of the alkali is used, it will probably have 
to be given in such qnantity as to incommode the sufferer. 

Professor Martin has, therefore, recommended the addition of a substance which 
has apparently been recommended many years ago, but either been forgotten 01' 
neglected, namely, magnesia. 

Your Committee therefore undertook a series of experiments in order to ascertain 
whether th;' recommendation of Professor Martin shonld be adopted to the 
exclusion of other methods. At the time when the experiments were undertaken 
rabbits were not to be obtained; it was therefore decided to experiment with dogs. 

As dogs do not appear to have the same immunity against cyanide which cats are 
considered to have, tbe first experiments were made in order to a,certain w!:tether 
the certain lethal dose for rabbits applied to dogs. 0'01 gramme of cyanide per 
kilogramme weight were therefore administered to two dogs; one of these died in 
forty-two, the other in forty-four minutes. 

The dogs were weighed, the cyanide carefully weighed in the above proportions, 
then placed in the centre of a small piece of raw meat; this was then offered to the 
dog and promptly" bolted." 

In each case symptoms began at the expiration of a little over five minutes. The 
symptoms were: (1) Marked salivation (this does not appear to be a symptom in 
rabbits); (2) a spasm during which the dog falls down; (3) paralysis of the hind 
legs; (4) involuntary micturition and defrecation; (5) general paralysis with deep 
and slow hreathing-in one case the respiration fell to seven to the minute 
(according to Professor Martin, during the comatose stage the respirations are 
shallow in the rahhit); (6) final spasm and death. 

Twice the fatal dose was then administered and the dog died in eighteen minutes. 
'rwo dogs then received four times the fatal dose. One dog died in five minutes, 

the other, the mongrel Irish terrier alluded to ahove, showed symptoms of salivation 
and spasm at the end of three minutes, hut then vomited and gradually recoverea, 
This particular dog had apparently acquired the easy hahit of vomiting, since several 
experiments were made with him, hut he invariahly vomited immediately symptoms 
appeared; he was eventually killed with a dose corresponding to a seven times 
lethal dose. 

The final experiments were made with the snggested antidote. 
'l'he eXf1erimental dog was given a four times fatal dose, and the antidote 

administered when symptoms supervened. 
In one case-a small terrier-it was impossihle, owing to the struggles of the 

terrier, to administer the antidote, and he died in five minutes. In the other cases 
the results were in,lentical and may he summarised as follows :--

The dog was salivating and had had a spasm, the antidote was administered, the 
dog lay quiet for some minutes, then apparently discovered that he was not very ill, 
looked up, wagged his tail, got up, walked at first with a somewhat staggering or 
uncertain gait, tben quickly and entirely recovered. 

One dog, within fifteen minutes of the administration of the antidote, jumped his 
barricade which was 3 ft. high. 

Taking all these facts into consideration, your Committee have no hesitation in 
recommending the treatment suggested by Professor Martin, who has worked out 
the quantities necessary for any quantities of cyanide which are likely to be taken 
accidently, indeed they suffice theoretically for the neutralisation of 5 grammes of 
potassium cyanide, and this is a greater quantity than is ever likely to be taken 
accidentally. 

The antidote consists of :-
(1) 30 C.c. of a 23 per cent. solution of ferrous sulphate. 
(2) 30 c.c. of a 5 per cent. solution of caustic potash, and 
(3) 2 grammes of powdered oxide of magnesium (light). 

We should recommend, therefore, that in every cyanide room there should be 
kept a hox 00ntaining-

(1) A metal receptacle to hold ahout a pint, and a spoon. 
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Treatment of Homestake Ores 

(2) Three hermetically sealed phials, each containing 30 c.c. of a 23 per cent. 
solution of ferrous sUlphate. 

(3) Three phials each containing 30 C.c. of caustic pota~h. 
(4) Three packets of oxide of magnesium (light). 

We should sug~est, further, that the ferrous sulphate be kcpt in a blue phial, and 
the caustic potash in a white phial, then in the event of a case of cyanide poisoning 
occurring, all that the nearest employee would have to do would be to empty the 
contents of a blue phial, a white phial and a packet into the metal receptacle, stir it 
with the spoon, and give it to the sufferer. 

The box should be placed in a conspicuous position and labelled "Antidote for 
Cyanide," and directions as above should be fixed inside the lid of the box. 

We have to express our acknowledgments to Professor Martin, late of Melbourne, 
and to Mr O'Brien for the help which wc have derived from the account of their 
researches into the antidotes of cyanide (" Proc. Soc. Chem. Industry," Vic., Vol. 1., 
1900-1901) which we have made the basis of our recommendations. 

D. MACAULAY, 
iIledical 0.tficer, J111nperS Joint JIospital, 

E. T. E. HAMILTON 
llIed{;;al 0ffice1', City and Suburban G. M. and Estate Co., Ltd. 

CHAS. PORTER 
iIledical 0.ffice1· of Health, .Iohannesb"':q, 

\VALTER C. C. PAKES. 
Go,e1'n1llcnt A.wlyst and BacteJ·iologist. 

1Il 

CONTRIBUTIONS AND CORRESPONDENCE 

NOTES ON MERRILL'S" TREATMENT OF HOMESTAKE OnES" I (Jow'nal for August 
1903),-ln reading such a paper on work done no other fields of such importance and 
magnitude, one naturally makes comparisons with the work done here, especially as 
it is claimed that such work is on a higher plane than our own, and from that stand
point this paper contains certain points that are worth consideration and discussion. 

The first matter is that of finer crushing and larger plate area, where it is difficult 
to make a comparison; firstly, on account of the difference of weight of stamp, 
character of screen and height of discharge, and, secondly, by reason of the very 
different class of ore under treatment. It is hard to believe that it would at present 
be commercially profitable to crush finer than the 1200 mesh uscd on some of the 
mines here (where 65 per cent. is obtained in the mill) on account of the loss in 
stamp duty, and the matter of quadrupling our present plate area would be hardly 
justified in view of the fact that the hottom of our plates appear to be practically 
useless, and seem to show that further area is unnecessary. It is a fact, however, 
that it is quite usual to find amalgam in the launders below the traps and also in 
our spitzlutten concentrates, so that the matter is hardly finally settled, and observa
tion on that point would be useful. The testimony of the effect of the temperature 
of the mill water is welcome in view of the difference of opinion here, and it might 
be noted that more water is used there than is our practice, which might perhaps 
account for the beneficial use of the extra plate area. 

Mr Merrill makes a great point of being able to produce or, rather, eliminate an 
unknown percentage of the pulp crushed as slimes unprofitable to treat. Any 
improved method of separating unleachable slimes from leachable sands is welcome 
indeed, but the method used there appears to need more elevation of mill-pulp ill 
the first instance and produces results that do not show any great improvement on 
those obtained here as regards the relative value of eliminated slimes to that of the 
leachable product. Those at the Homestake are gi\'en at $1.65 for sands and an 
average of 95c. for slimes, or a ratio of 1 to 1 '737, whereas the ratio on the Rand 
will be at least from 1 to 2 and up to 1 to 3, and this would either show that the old
fashioned German spitzkasten and spitzlutten, as they are termed, are as good as Mr 
Merrill's" Cone systcm," or that he has an exceptionally difficult ore to treat by 
classification. It is probably fairer to suppose the latter is the case, as in the 

1 See abstract in Journal for May, 1903. 
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Amalgamatz"on and the Use of Lime 683 
earlier stages of direct treatment on the Rand, spitzlutten were adopted which are 
now discarded for spitzkasten-the additional water being found to be unnecessary 
as the further separation of the slimes is now effected in the filling tank. It is 
probable that our system of having a return spitzkasten for any overflow sands as a 
safety valve is an important factor in tllis matter of classification. In reference to 
Mr Merrill's want of knowledge that slimes have been treated at a cost of less than 
the value of those produced on the Homestake, viz., 95c., it might be pointed out 
that the average of the slimes costs for the Rand Mines subsidiary companies for the 
first quarter of 1903 was 2s. Sd., or 64c., and as thc circumstances there are such that 
he is able to effect such a reduction in cyaniding costs as those given, it is possible 
that even that grade might be a payable proposition, especially as the site there, 
being of a nature to allow of sluicing out treated sand, the .limes plant could be 
arranged so that very little power would be necessary, gravitation being substituted. 

Another point which migbt be notcd is the addition of lime, which it is stated 
that, if made to the mill direct, acts deleteriously to amalgamation, and also that it 
is advantageous to have thc lime enter the vats in unslaked granules. This latter, 
in view of the wet crushing of the lime, would point to the character of the lime 
used as being of a very different nature to that obtained here. How can undissolved 
lime have any effect (see discussion in C .. M. Journal, before war). CaO is an active 
agent in any lime. 'fhis might account for its different behaviour in regard to 
amalgamation, although it might be noted that in more than one case upon starting 
up slimes plants herc the mill plates have apparently deteriorated for a short period, 
and although this matter was not properly investigated at the time, it was probably 
due to accumulations in the mill water (through constant reusage for a long period), 
being precipitated out by the lime and causing the plates to appear coated, but 
that such was not dctrimental to amalgamation was demonstrated by there being no 
appreciation of the value of the mill tailings whatever and the usual amount of 
amalgam being obtained. The use of lime in the mill undoubtedly has a tendency 
to harden the amalgam, and for that reason it is advisable to discard the use of 
.. inside" plates, as any amalgam forming on them is SOOIl scoured off, and ill that 
"hard" condition is not so easily caught on the outside plates, and it is, perhaps, in 
this way that the Homestake mills tail to obtain equal results. Perhaps, indeed, 
the want of lime in the mill water (thcre being present only the small amount in the 
overflow of the cones coming back to the mill) might be another reason for so large a 
plate area being advisable. 

In regard to the size of the lime granules having any effect upon the decomposition 
of cyanide we have no data here, but it seems hardly probable. The lime is usually 
passed through either the battery screen, or, where added subsequently in addition, 
is crushed to 900 or 1600 mesh. It has been noted, however, in several instances 
here, that even with this fine mesh, that where the lime is added to the pulp before 
separating out the sands there is a tendency for the undissolved particles of lime to 
remain in the sand treatment tanks, and with long contact with solutions are 
dissolved and increase tbe alkalinity of solutions to the detriment of precipitation. 

The Butters and Mein type of distributor is in many cases discarded for the large 
vats in use here, but in the absence of return spitzkasten their use is justified. 

The details given of the process of precipitation by means of zinc dust or fume are 
extremely interesting, being entirely new to practice here, and although the system 
would have the drawback in our case of necessitating an enormous amount of pump
ing through filter presses, as well as the erection of furtber sump accommodation 
for precipitation, it appears a matter worthy of experiment, possessing, as it appears 
to do, the great advantage of a very high cfficiency, and, further, what would appeal 
to many manae:ers, a complete clean-up at any stated interval, nothing being left 
on zinc shavings, which constitutes a frequent source of disappointment by causing 
a temporary shortfall. The matter of pumping is not" very serious one, as it could 
be made to save the cost of excavation for sumps where solutions gravitate from the 
precipitation boxes, and would save the" lift" when pumping on to treatment tanks, 
which is a frequent source of annoyance by reason of losing the pliming of the 
centrifugal pumps used. '1'he matter of using solutions for a second leaching without 
precipitation is the principle adopted in our slimes treatment, and for the same 
purpose, i.e., of saving in the matter of box capacity, and, in view of a possible 
adoption of the fume precipitation, it could be carried out here to a certain extent, 
though hardly, I think, to the extent practised on the Homestake. 

It is interesting to note that lead furnaces are not used, but that the precipitates 
are slagged direct on the cupel after being treated with two acids, viz., hydrochloric 
and sulphuric. 'l'his acid treatment would be imperative in such a case, and one 
would almost think that the product would be sutliciently pure to melt direct. It 
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Bone Ash 

i, very probable, however, tbat the cost of such acid treatment would not be profit
a ble here, where locally made sulphuric acid, costs 4d. per lb. and hydrochloric acid 
over Is. ; and, moreover, coal is cheap, so that it would appear that it would be 
~etter in our case to adopt the iutermediate smelting in a lead furnace, especially as 
in either case it seems profitable to subsequently run the slags through a blast 
furnace. Our experience in this matter is, however, small, and the last word has 
yet to be said.-S. H. PEARCE. 

BONE ASH 

By A. T. FIRTH (MEMBER) 

(J01<1"nalj01' October 1903) 

With reference to the notes on bone-ash as copied from the Engineuing and 
.Mining Journal of July 25, 1903, and appearing in the Society's J01l'rnal of 
September la.t, I beg to submit the following: 

Average analyses A verage analyses I of many samples of bone-ash burned 
of bone-ash burned from spent animal 

from bones of charcotl,] from a sugar 
different animals. refinery. 

Ca3P20S 89'80 91'41 
CaCO" 8'46 4'68 
CaS04 1"10 1'41 
Fe203 0'30 0'65 
Sand 0'34 1'85 

Many assaycrs put the" bumping" of bone-ash cupels down to the carbon dioxide 
given off, due to the particles of unburned carbon in the bone-ash, but I think it 
would be more correct to attribute this to the carbon dioxide, given off during 
conversion of the calcium carbonate into quick lime. 

Some time ago a consignment of bone-ash was sent me and the cupels made from 
this "bumped" badly. Upon analysis I found it to contain 7'93 per cent. calcium 
carbonate and particles of unburned carbon. Subsequently I leached it with a very 
dilute solution of hydrochloric acid, water-washed and calcined. The calcium 
carbonate was thus reduced to 0 '21 per cent. and the cupels made from this had no 
tendency to "bump" whatever. 

I have a number of analyses of different bones from different animals, also 
analyses of different bones from the same animal, but there is nothing to show why 
bone-ash made from sheep's or horses' bones should be ;uperior to that made from 
other bones. , 

The presence of 1'4] per cent. calcium sulphate and 1'85 per cent. sand in the 
bone-ash does not have any undesirable effect upon the cupel. 

The one great disadvantage to the bone-ash cupel (mad e from bone-ash supplied 
during the last few years) is the high percentage of calcium carbonate it contains. 

I find from a sample of the last lot of 2000 Mabor cupels supplied me it has the 
following analysis: MgO, 91'62; AI20 s, 8'18; Fe20", 0'31. 

LEYDSDORP, 
Velobel' 21, 1903. 

NOTES ON THE COlIHWN PRACTICE OF QUARTZ MILLING 
ON THE RAND 1 

(Joumaljol' Norembe/'1903) 

So far as my experience goes, a screen is put in, and remains there until coarse 
£and is seen flowing down the plate; it may be 36 hours or 96 hours, according to 
the height of discharge. It would be interesting to know what percentage of gold 

1 See Proceedings Vol. Ill. pp. 298-346. (This Contribution was by nn oversight omitted 
from Vol. Ill. of the Proceedings. Ed.) 
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Loss of Mercury from Amalgam Plates 685 
the cyanide could recover from pulp coming from a screen after it has be~n in use 
96 hours. 

I have not the opportunity of making. thorough experiments to determine the 
best life of the screen as I should like, so I trust others will take it up. A sample 
taken from a "creen in use 90 hOlll'S gave 0'473 per cent. remaining on 500 screening, 
the original size mesh. I may say that screen was not changed till 4 hour. later. 
The amount of coarse stuff is certainly not very startling, but the question is: 
Does it make any appreciable difference to the cyanide extraction 1 From the 
daily screen sample 0 '381 per cent. remained on 500 mesh, 0'048 per cent. on 400, 
and 0'041 on 300. That by no means represents the full percentage of coarse sand 
going to cyanide works, as no sample is taken from a broken screen. I also took a 
sample from a broken screen, just before it was changed, with the following result: 
1'26 per cent. remained on 500, 0'533 pel' cent. on 400, 0'100 pel' cent. on 300, and 
O'Oll per cent. on 200 mesh. If the screens were changed before they got to that 
stage, I think it would be a step in the right direction. 

Amalgam complained of by the cyanide department could be remedied if greatCl' 
care were observed in the treatment of plates. 1 contend nothing should touch 
them btit the brushes, etc., when dressing. At present we have, for heavy work at 
the box, a huge board resting on the plate. It is quite impossible to place that in 
position withont displacing amalgam; once moved, it takes but a small amount of 
water to carry it off the plate. If the board were made to rest on the woodwork of 
the table, there is less chance of amalgam being dislodged. 

\Vhen changing screens, a neat fitting launder, with a screen bottom, fixed at the 
foot of the plate, would be a better scheme than the frame at present in use. No 
matter how carefully one may try to fix the frame in position, a slight drag or push 
is inevitable, and it is a thonsand chances to one some amalgam will stick to a 
corner and drop off before reaching the screen tank. In addition to that objection, 
it fails to accomplish what it is intended for, that is, catch the coarse stuff, 

A launder should also be used at the foot of the plate when dressing. 1 have no 
hesitation in saying the largest portion of the amalgam we loose is due to careless 
dressing. It seems to be the aim of most millmen to get through the plates in the 
shortest possible time. It is a mistake; we cannot be too careful if we intend to 
keep the gold we have caught. 

The loss of mercury from the plates could be brought to a minimum if it WCl'e 
used more sparingly, and by keeping the lower half of the plates hard enough to 
absorb the excess of mercury that might be nsed 01' that the vibration is likely to 
work down. 

The cyanide men undoubtedly have just cause of complaint if the pulp they 
receive contains amalgam and partially crushed rock, a complaint which, 1 hope, 
will soon be a thing of the past. 

Regarding the small percentage of gold in the mercury caught by the cyanide 
plant, I doubt if it leaves the mill with only 2 pel' ccnt. I believe it contains a much 
larger percentage of gold, but on its way to the cyanide plant it is checked by 
various obstacles, such as screws, etc., in the launders. The gold eventually 
settling around the bottom of these obstacles, leaving the mercury free to be 
washed away, the amalgam left behind gradually gets hard and breaks away in 
flakes, so reaching the cyanide plant in a Boating condition. 'fhat is thc only 
reason I can fix on why the cyanide treatment recovers amalgam containing ~2 pel' 
cent. of gold and mercury 2 per cent. 

S. Randfontein G. M. Co., Ltd., 
Novembe,· 5, 1903. 

W. BEAVEll. 

THE USE OF OXYGEN IN CARBON MONOXIDE POISONING 

(Jo!l1'nuljo1' Decembu 1903) 

The unfortunate accident which recently occurred at the Simmer and Jack East 
mine ha" again called attention to the fact that gassing is perhaps a not so in
frequent occurrence as is supposed. Even if gassing is only rarely met with in 
white people, it occasionally happens that they are very badly, even fatally gasscd. 

When a person has been poisoned with carbon monoxide, the symptoms persist for 
a considerable time-that is for hours-and cases are on record where, although the 
person has temporarily recovered, he has died after twenty-foul' or thirty-six hours. 
It is therefore obviously of great advantage to the person poisoned to have the poison 
eliminated as soon a3 possible. 
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686 Oxygetl zn Carbon Monoxide Poisoning 

The elimination of the carbon monoxide from the blood and tissues begins to take 
place directly the person is removed from the poisonous gas into the ordinary air. 
As decomposition of the carboxy haemoglobin is the result of a mass action depend
ing upon the relative quantities of oxygen and carbon monoxide brought into intimate 
,contact with the baemoglobin, and as the affinity of carbon monoxide for haemaglobin 
is very much greater than that of oxygen for haemoglobin, the greater the amount of 
oxygen which can be brought into contact with the blood in a given time the more 
rapidly will the carbon monoxide be turned out of the blood. 

\Vhen a person who has been even partially gassed has to recover by breathing 
ordinary air, each breath he takes contains four-fifths of the diluent nitrogen, so 
that only one· fifth of the volume of air he inhales enters into the reaction. It is 
obvious, therefore, why absolute recovery is so prolonged. 

If, however, pure oxygen be inhaled in lieu of air, the volume of oxygen actually 
reaching the lungs at each inspiration being 80 much greater than when ordinary air 
is breathed, the carbon monoxide will be driven out of the haemoglobin at a much 
greater rate. As the symptoms cease when the percentage saturation has been 
reduced to about 30, one would expect to find that persons who have been gassed 
experience greater and more immediate relief from the inhalation of the oxygen than 
from the inhalation of even pure air. In actual experiment this is so. 

Further, the more quickly the carbon monoxide is eliminated, the less likelihood 
is there of this gas doing any permanent damage to the central nervous system. 

For every reason, therefore, it is advisable that oxygen should be used in the 
treatment of persons gassed, and it should be carefully considered by the Chamber 
of iVlines, whether they will not recommend that every mine have a cylinder of 
oxygen and" face piece," so that this gas may be administered to any person who 
has been gassed. A. Z. 

RELATIVE VOLUMES IN SLI"'IE·PULP 

(JoU1'nalfol' Februal'Y 1904) 

To determine in slime· pulp the ratio by volume of solution to dry slimes, multiply 
the specific gravity of the dry slimes by the ratio (by weight) of solution to dry 
slimes in the pulp, or, taking x as the specific gravity of the pulp and S as the 
specific gravity of the dry slimes, the formula yielding the above ratio by volume is 

S - x 

:" - 1 

For example, pulp containing 3~ parts by weight of solution to 1 of dry slimes 
from banket ore has a specific gravity of 1 '163, the specific gravity of the dry slimes 
being taken as 2'7. Hence, in pulp of this composition there are 9'45 volumes of 
solution to 1 volume of dry slimes. . 

Similarly, in settled slime· pulp containing 45 per cent. of moisture, and with a 
specific gravity of 1 '53, there is by volume :2 '21 times as much solution as dry slimes. 

W. A. C. 

PREPARATION OF LIQUIDS OF HIGH SPECIFlC GRAVITY 

(.ro"rnaljOl· 11Im'ck 1904) 

KLEIN'S SOLUTION 

Consists of boro.tungstate of cadmium. 

(9W~3.B203.2CdO.2H20+ 16Aq) 

Though its preparation is much more complicated than that of the Sonstadt solution, 
it is certainly preferable to the latter for the separation of minerals, owing to its 
attainable high sp. gr. of 3'6, which allows the separation of all rock.forming mincrals 
from each other, whilst with the Sonstadt solution the most important such 'as 
augite, hornblende, olivine, etc., having sp. grs. over 3'19, cannot be isolated. 

The mode of procedure, apparatus, etc., for separation of minerals with this 
solution are the same as for Sonstadt's, but carbonates, e.g., calcite, dolomite, 
etc, require to be first carefully removed by acids out of the rock powder to be 
trea'ted because they decompose Klein's solution. It is also necessary, if it be 
intende'd to produce the solution of a sp. gr. of 3'5 to 3'6 to surround the apparatus 
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Liquids of High Specific G1'avity 

{the sepamting funnel) with an envelope of hot water, because for this high sp. gr. 
the boro-tungstate salt has to be brought to fusion at a temperature of 75° C. 

Preparation of the solution is as follows: First, prepare a solution of tungstate of 
soda (Na.2WO.) in 5 parts of water, and boil this with 1-5 parts of boric acid until 
the latter is completely dissolved_ D'lring cooling and stirring of this solution, 
crystals of borax and of sodium polyborates are deposited, which require to be 
decanted and filtered off. 'l'he resulting solution is now concentrated by boiling, 
and any newly-formed crystals are removed as before, until pieces of glass swim 
upon the solution. Whilst the latter is at this stage, boiling bHl'ium chloride is 
added to it in the proportion of 1 part of barium chloride to 3 part, of tuno'state of 
soda, which results in a dense white precipitate. This is filtered off, weltwashed, 
and then treated with hot water containing hydrochloric acid of 1'18 sp. gr. in the 
proportion of 1 part of hydrochloric acid to 10 parts of water. 'fo the resulting 
solution hydrochloric acid is added in excess, and then boilcd to dryness whereby 
tungstic acid is precipitated_ The dry mass is again treated with hot water boiled 
for about two hours, with repeated additions of hot water, and ultimat~ly the 
tnngstic acid is filtered off. 

The filtrate is concentrated, tetragonal crystals are formcd, composed of 9W03, 

B20 3,2BaO,2H20+19Aq, which are purified by recrystallisation. 
To the boiling solution of these crystals cadmium sulphate is added, whereupon, 

by nmtual decomposition, Klein's solution results, the precipitatc of barium sulphate 
being filtered off. 

Cadmium boro-tungstate is soluble in less than In of its weight of water, and 
crystallises out if this solution is evaporated upon the water-bath aud cooled. 

Solution of these crystals has, at 15° C., the sp. gr. of 3'28. If it is required to 
bring it to the higher sp. gr. of 3'6, it has to be evaporated on the water-bath until 
divine swims upon it, and then cooled for twenty-four hours, when crystalline 
masses are deposited, which are separated from the solution, cleaned, and brought 
to fusion at 75' C., either on the water-bath or in the separation apparatus, by an 
envelope of hot water. In this solution, produced by fusion, spinel floats. 

Besides its higher sp. gr_, this solution has the further advantage that it is not 
poisonous, does not affect the skin on handling, and remains constant in its sp. gr. 

ROHRBACH SOLUTION 

Consists of barium-mercuric iodide, and is, by many petrographers, considered still 
more suitable for the separation of rock-forming minerals than the Klein solution, 
though some prefer the latter. The sp. gr. in its most concentrated form almost 
equals that of Klein solution with the advantage that its preparation is far less 
complicated, and is not decomposed by carbonates. 

Preparation: 100 parts of barium iodide and 130 parts of mercuric iodide are 
quickly weighed off, and both powders are put in a dry bulb glass and thoroughly 
intermixed by shaking, about 20 c.c. water added, and the bulb glass is placed upon 
an oil-bath heated to 200° C. Solution of mixed salts is quickened by stirring with 
a glass rod bent at right angles at the end_ 

After complete solution, the liquid is kept boiling for some time, and is then 
transferred to a water-bath for concentration to such a point that a piece of epidote 
swims upon it. On cooling of this concentrated solution, its sp. gr. still increases, 
so far that olivine swims upon it, but at the same time a ycllow double salt is 
precipitated, which requires to be removed. This is effected by pouring solution 
into a slender beaker, letting it stand in this until all the yellow salt is deposited, 
and carefully decanting when clear. Filtration is not practicable, because the salt 
quickly renders the filter paper inactive. 'l'he solution thus prepared has a sp. gr. 
of 3'575 to 3'588. 

lUod1ts opem-Mli: Same as with the other solutions, the difference being that it 
may not be diluted with water, as this causes the liberation of red mercuric iodide. 
Instead, a weak solution of the same should be used, which is best prepared by 
gently pouring a quantity of water over some concentrated solution in a beaker, and 
fetting the beaker stand quietly for twenty-four hours, when, by diffusion, the 
water is transformed into a weak solution. 

Rock powder to be separated requires to be perfectly dry, and any washing of it 
in coarse of working should be effected with some solution of potassium iodide, in 
order to absorb any liberated iodine_ Rohrbach advises to first nse the Sonstadt 
solution for separation of minerals up to sp. gr. 3'1, and then only have recourse to 
the barium-mercuric iodide solution for the separation of the heavier minerals of 
sp. gr_ 3'1 to 3'58 
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688 Purple of Cass£us Test for Gold 

The apparatus should always he a closed one, such as the pear-shaped separating 
funnel, invented by Harada. That the detennination of sp. gr. of solution 
with the Mohr-Westphal balance at any time during operation is with such an 
apparatu.q not practicable, and that mineral indicators require to be used is a great 
disadvantage as compared to the Klein and Sonstadt solutions_ Also if the concen
trated solution is left quietly at rest for several months the sp. gr. gradually becomes 
lighter, on account of the separating out of mercuric iodide, and it can no longer be 
used for the separation of mineral_ whose sp_ gr. range from 3'2 to 3'0. 

S. H. P. 

'rHE PURPLE OF CASSIUS TEST FOR USE TN CYANIDE WORKS 

By PROF. A. PmSTEH 

(JOl,rnal fo,. Jnne 1904) 

Rapid and exact as is my colorimetric method for the detcrminat;on of the gold in 
cyanide solu tions, I thought that a quicker and simpler method might he desired, 
and 1 therefore propose the following, which has so far given me very satisfactory 
results. 

This method is based on the same principles as those de.,cribed in my prcvious 
colorimetric method, namely, precipitate the gold from a cyanide solution with 
zinc fume or dust, dissolve the excess of zinc with dilute sulphuric acid, dissolve the 
gold in aqua regia, and add a fcw drops of stannous chloride. Compare thc colour 
obtained with a standard as desCl'ibed in my colorimetric method. 

PRACTICAL WORKING 0,' THE METHOD-.'l'he cyanide solution to be tested must 
be strengthened by the addition of few drops of a strong cyanidc solution, say, 
of 15 per cent. potassium cyanide, so that the solution to be assayed may contain 
1 per cent. free potassium cyanide. To 200 C.c. of the solution add about 1 gm. of 
zinc dust. Heat the solution to hoiling point. Filtcr off the cyanide solution. Add 
to the remaining zinc dust about 20 C.c. of dilute (10 per cent.) sulphuric acid, and 
Jissolve all the zinc by gently warming. Filter off through the same filter the 
solution of zinc sulphate formed. Dissolve the residual metals in 10 C.c. of aqua 
regia and pass whilst boiling repeatedly through the samc filter and collect the 
gold solution in a test-tube. 

To the gold solution a few drops of stannous chloride are added, after the solution 
has been cooled by holding the test-tube in water. 

If the solution is l~ch in gold, the purple of Cassius coloration will appear directly; 
if it is poor, the colour will require a few minutes to become evident. The aqua 
regia used can be made by mixing 6 parts of strong hydrochloric acid, 2 parts of 
strong nitric acid, and 0 purts of distilled water. 

IV 

®bftual'l] 1Rotfces 
It is with great regret the death of Mr JOSEPH J. lITcDOIYELL, late Mill Manager 

of the New Goch Gold Mines, Ltd., and formerly of the Rose Deep, Ltd., is 
recorded. 

Mr McDowell. who was an old resident on these fields, joined the Society' as a 
Member in April, 1898, and he will be grcatly missed by his many friends along the 
Reef.-J07wnal for July 190:3. 

We much regret to record thc deaths of Mr JOHN LOUIS HANHAHAN (Member) and 
Mr ALEXANDER WOOD (Associate). 

Mr HANRAHAN, who was barely 30 years of age, had been connected with the 
secretarial department of the Ncw Goch Gold Mines, Ltd .. for some ycars past. 
He joined the Society in July, 1899, and was onc of the Hon. Auditors in 1902. 
Mr Hanrahan was deservedly popular with all with whom he came in contact, 'and 
his sudden death from pneumonia, aftcr a fcw days' illness, came as a great shock to 
his friends. His funcral which took place on Octoher 10, was very largely attended. 
The Society was represented by the Secretary. 

Mr WOOD was for some years the travelling representative of Messrs Hansen 
Schrader & Co., and, consequently, well known to a large number of the Members. 
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Obduary Notices 

He had been ailing for a long time and had gone to Natal with tbe bope that tbe 
change would prove beneficial, but without avail. His death occurred at Lady. 
smith on October 17. Mr 'Wood was admitted an Associate on July 28,1902. . , 

To the relatives of both gentlemen the Society tenders its sincere sympathies.~ 
J01W"nal for October 1903. 

News has been received that amongst those who have fallen near Windhoek in the 
native rehellion in German Damaraland is Mr JAMES CHARLES WATERMEYER, late of 
the Agricultural Department, Capetown. Mr 'Yatermeyer, who was only in his 
41st year, was a son of the late Judge 'Yatermeyer, and a cousin of Mr Justice 
Watermeyer, of the Rhodesian Bench, whilst one of his brothers is Surveyor. 
General of Bechuanaland. Mr Watermeyer left the Cape Civil Service a couple of 
years ago to undertake analytical and agricultural work for the German Government. 

Mr Watermeyer, who was admitted an Associate of our Society in 1898, was for 
several years demonstrator and assistant lecturer in chemistry at the South 
African College. Here his kindly, straightforward disposition endeared him to all 
students with whom he came in contact, and whom he spared no pains to assist in 
every possible way. Though his residence in Damaraland precluded his attendance 
at our meetings, he visited Johannesburg last year and was present at our last 
annual dinner. His death is a loss not only to our Society, but to scientific 
agriculture in South Africa. 

Information has been received with regret that Mr J. M. FRASER, who was only 
elected a Member in August last, was drowned in Swazieland a few weeks ago.
Jou1'nal for .February 1904. 

It is with regret that the following deaths are notified :-
Mr F. H. ALKIN (Member), formerly of the Glencairn G. III. Co., Ltd, 
Mr H. W. So OTT (Member), formerly of Benoni. 
Mr C. W. MUNNIK (Associate), formerly of Boksburg, who died in South America. 
Mr CHAI\LES HAMIl,TON DICKSON, A.I.M.M., M.I.M.E. (Member), who died of 

enteric fever, at Rustenburg, on the 8th March, was the youngest son of the late 
Rev. G. D. W. Dickson, M.A., formerly Vicar of St James-the-Less, Westminster, 
and brother of Mr G. A. H. Dickson, Vice· President of the 'l'ransvaal Architects 
Association, here. He was educated at Marlborough College and the Mining 
School at Camhourne, where he gained a studentship for special work, and a gold 
medal for a treatise on the treatment of ores. Mr Dickson contributed several 
papers to professional publications, including one on Assaying, to the Institution of 
Mining and Metallurgy.-Jo1t1'nal for March 1904. 

Notification has been received, with regret, of the death, last November, of Mr 
MATTHEW ROGEHS, late of Sydney, N.S.W. Mr Rogers, who joined the Society in 
November, 1895, will be remembered as being formerly with the Johannesburg 
Consolidated Investment Co., Ltd.-Jo",."al for April 1904. 

The death is recorded with regret of Dr EI\NEST D. DORFFEL, Ph.D.. the Consult· 
ing Mining Engineer and Metallurgist of Henderson's Consolidated Corporation, 
Ltd. 

Dr Dorffel joined the Society in 1898 and contributed a paper on "Pyritic Smelt· 
ing and its Bearing on Certain Soutb Mrican Ores" at the April meeting in that 
year. Dr Dorffd had promised a paper for an early meeting on the Oil Concentra· 
tion Process, which he was engaged on just before his decease but which was not 
completed.-Jou,.,wl for May 1904. 

It is with regret that the death is recorded of Mr S. B. HUTT, cyanide manager 
of the Meyer and Charlton G. M. Co., Ltd., who died on July 3, 1904 at the 
Johannesburg Hospital. 

Mr Hutt came to South Africa in 1894, and was associated with Messrs W. R. 
Feldtmann (past president) and R. E. Hall for some years. He joined the Society 
as an associate in 1897, and was transferred to membersh.ip in 1902. A paper, en· 
titled" A Slight Improvement in Extractor Boxes," was read by Mr Hutt at the 
meeting in August, 1902.-Joumal for June 1904. 
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Nvtices and Abstracts 

v 

NOTICES AND ABSTnACTS OF ARTICLES AND PAPERS 

CHEMISTRY 
A METHOD FOR THE ESTnIATION OP CHLORlDgS, BRmlIDES AND IODIDES.-This 

paper describes a method for estimating thc three halogens when present together, 
the necessary determination being (1) total halogens, (2) iodine, (3) chlorine, bromine 
being determined by difference. 

(1) The total halogens are determined by ordinary methods. 
(2) Iodine. Dissolve a suitable quantity of substance, containing not over 0'5 gm. 

iodine or 0'15 gm. chlorine, in water and make up to 50 c.c. in a 100 c.c. glass 
cylinder with clo"c-fitting glass stopper. Add neutral potassium iodate in about 
twice the quantity necessary to react with all the bromine and chlorine present. 
~Iix solution, acidify with 4 or 5 C.c. 30 per cent. acetic acid, and shake with 30 to 40 
c.c. carbon disulphide to absorb all iodine liberated. Filter through a ,vet filter, 
wash carbon disulpbide solution well with cold water and keep filtrate and washings 
for chlorine determination. Transfer carbon disulphide solution on filter to another 
beaker, wash well, filter paper with 75 per cent. alcohol and titrate with sodium 
thiosulphate. No starch llldicator is necessary. 

(3) Chlorine. Treat the filtrate from (2) with 5 c.c. nitric acid (Sp. gr. 1'18) to 
liberate the bromine, and boil till colourless. Then destroy iodate present in excess 
by adding potassium iodide, again boil till colourless, adding 2 to 3 c.c. nitric acid if 
necessary, cool and neutralise with sodium carbonate. To secure exact neutralisation 
a little calcium carbonate may be added, and then sodium carbonate solution until 
a precipitate just forms. Then titrate with standard silver nitrate and potassium 
chromate. In twelve typical analyses the diffe"rences did not exceed 0'3 mgm. for 
potassium iodide and sodium chloride-By S. BENEDICT and J. F. SNELL.-Journ. 
Am. C"('1". Soc., Vol, XXV., No. 11. (J. A. \Y.) 

ANALYSES OF LEAD SLAGS 

From Reverberatory From Blast Furnace, FUrnace. 

Locallty. Holzapfel. Poullaonen. Bleiberp; in Holzapfel. Kannthia. 

Constituent. Ore Ore 
uUI'onsted. rotlsfed. 

--- --- ---
Silica 10'0 24'0 35'6 5'26 25'0 
Oxide of lead 38'9 26'5 0'4 37'71 2'0 
Protoxide of iron 5'6 14'0 42'0 - 245 
Sesquioxide of iron - - - 19'50 -
Oxide of zinc 30'5 27'0 20'S 19'20 29'0 
Oxide of manganese . 2'0 - - - S'O 
Lime. , - - .- S'86 4'2 
Alumina - - 1'0 1"76 1'3 
Sulpbide of lead 5'0 6'0 - - -
Sulphate of lead S'O 3'0 - - -
:Magnesia . . . - - - 1'42 1'0 
Protoxide of copper . - - - Traces 1'0 
Sulphuric acid. . - - - 5'04 -
Protosulphide of iron -- - - - 4'0 
Molybdic acid - - - 0'46 -
Potash - - - Traces -
Soda. - - - ~'race8 -

------
100'0 99-5 99'S 99'21 100'0 

Pages 487, 493·4, vol. iii., "Watt's DictIOnary" (old edition). 
N OTE.-It will be seen in the above analyses that the percentage of lead oxide or 

iron oxide is relatively high and that of silica low, except in the third column. 
{W. A. C.) 
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· Notices and Abs'tracts 

A NEW PROCESS OF' CYANIDE MANUFACTURE-ALTERNATIVES FOR GASWORKs.-In 
this paper Dr Grossman disputes Mr G. Beilby's statements that in his opinion the 
synthetical process would be the process of the future in the manufacture of cyanide 
cyanogen being recovered in gasworks, as ferro or sulphocyanide, and these in the 
form of the soda compound contain cyanogen equivalent to 21 per cent. of ammonia. 
Reckoning the ammonia value at £45 per ton, the intrinsic value of a ton of cyanide 
-of sodium would be £15. The question therefore arises whether any synthetical 
process can compete on the assumption that the gasworks can turn out sufficient 
,,!uantities of ferro and sulphocyanide. The gasworks in England alone could pro
duce 1000 tons of cyanide weekly. Schule discovered, in 1872, that when ferro
cyanide of potash was distilled with sulphuric acid, hydrocyanic acid was evolved, 
,and an insoluble compound containing cyanogen was left behind. and it has been 
~nown for many years that this compound (Everitt's salt) could be partly reconverted 
mto ferrocyanide of potash by boiling with a caustic alkali. But in this way it is 

'-only possible to recover 70 to 80 per cent, of ferrocyanide. If, however, air is blown 
through during the boiling, ferro cyanide is recovered quantitatively. The reactions 
lIIight be summed up as follows :-

2Na~Fe(CN)6+ (3+x)H2S0~=6HCN +NazFe2(CN)6+3N azSO~+ HzSO~ 
,(," represents an excess of sulphuric acid, practically nil), and in the second 
,opcration-

3NazFez(CN)6+ 6NaOH + yO=3Na~Fe(CN)6+3H20+ Fe:I(OZ+ y) 
(y denotes the quantity of air, which may be 1 per cent.). Probabiy the sulphide of 
sodium in the first equation could be used up in the following manner :-

2HCN + Ca(OHJ.+NazSO~=2NaCN + CaSO.+ 2HzO 
'fhe hydrocyanic acid is passed into caustic soda solution, and converted into sodium 
cyanide solution, which is evaporated to dryness in vacuo.-Dr GROSS~[ANN, paper 
before the London Section, Society of Chemical Industry, Dec" 1903. (G. A.) 

A NOTE ON SILOXICON.-The descriptions of the ncw refractory substance, 
sitoxicon, that have recently appeared in the newspapcrs, have created such a 
widesprcad interest, as evidenced by the numerous inquiries received from all parts 
of the country and all lines of industry, that it is desirable to correct a statement 
that was contained in these publications. It was there stated that siloxicon was 
inoxidizable, but recent investigations have shown that this is not truc. When it is 
heated to or above 2674' F. in an atmosphere containing a large amount of frec 
oxygen decomposition occurs. 

Siloxicon, while variable in composition, may be represented by the formula 
Si2CoO, and when heated, as above stated, in presence of free oxygen, decomposition 
takes place, probably in accordance with the following equation: 

SizCzO + 70 = 2Si02 + 2COz' 
If the siloxicon be in the form of a bri',k or other moulded mass the reaction 

.occurs on the surface, producing a vitreous glaze, which in most instances is tinged 
light green from the presence of iron. 

In the absence of free oxygen or in a l'educinlt atmosphere no such dccomposition 
occurs, and the temperature may be raised to the point of the formation of 
carborundum, or, approximately, 5000' F., beforc any change occurs, and then it 
takes place, it is thought, in accordance with this equation: 

Si"CzO = SiC + Si + CO. 
solid carborundum remaining, while the vapour of silicon and cal'bon monoxide are 

given off.. t th t ft h' d' d thO 'd t' f'I' It IS InterestIng to no e a a er aVlng lscovere IS OX} a IOn 0 81 OXlcon; 
tests were made with carborundum, and it was found to he affected in a manner 
exactly similar to siloxicon ; this notwithstanding the fact that for more than twelve 
years it had been generally cousidered inoxidizable.-Edward G. Acheson.-The 
EngineCl'in,'l and lllini'!!,,! J01t1'1wl, June 27, 1903. (W. A. C.) 

A STUDY O}' ALLOYS SU1TABLE FOR BEARING PURPOSES.-The author confines him
sclf to the examination of alloys containing copper, tin, lead, zinc and antimony as 
constituting the basis for so-called anti-friction alloys. He classifies his suhject under 
two heads, (1) white metals and (2) bronzes, and considers the essential points of (1) 
composition, (2) structure, (:3) friction, (4) temperature of running, (5) wear on bear
'ing, (6) wear on journal, (7) compressive strength, (8) cost. 

'fhe qnestion of composition being intimately hound up in the subscquent points 
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Notices and Abstracts 

is summarily dismissed and (2) the structure of the alloy discussed. This is descrihed 
as the characteristic of a certain alloy, as, for example, in the binary alloy of lead 
and antimony, consisting of crystallitcs of lead imbedded. in a matrix of eutectic if 
the percentage of antimony be below 13, and, if above, consisting of eutectic andJree 
crystals of antimony. 

A successful bearing alloy must consist of at least two structural constituents-one 
hard, to take the load, and one soft, to act as a plastic support for the harder grains. 

Under (3) friction the author states that a hard, unyielding bearing is a theoretical 
delusion, much to be desired but impracticable of application, since the harder the 
alloy, and in spite of the lower co· efficient of friction, the greater the liability of 
heating, because of the absence of plasticity, hence causing concentration of load on 
one or more high spots, with rapid abrasion and heating. 

Under (4) temperature, all things being equal, bronzes work at lower tcmperatures 
than white metals. Under (5) wear of bearing the author holds that there is a wide 
field for research in determining the relations between composition and wear. High 
priced compositions are being used, showing less resistance to wear than cheaper 
alloys-and low priced alloys are in service which are not cheap at any price . 
. Wear of jour!,a.1 (6) in its relation to composition appears also open for investiga

tIOn, although It IS generally conceded that soft alloys cause a marked decrease in 
the life of the journal. 

Compressive strength (7) tests are important as determining (i.) if the alloy is hard 
'enough to support the load without deformation, (ii.) if the alloy is brittle and will 
split under effects of pressure, (iii.) if it is sufficiently plastic to reasonably suppose 
it will run cool under aggravated conditions. 

Under the last heading, (8) cost, the composition and utility of individual alloys 
are fully considered. The author, in dealing with the serviceability of a lead-anti. 
mony alloy, which is the cheapest of bearing metals, states that it is one of the great
est extravagances of large industrial establishments to use materials which are too 
good for certain purposes, and even, perhaps, unsuited, under the supposition that 
they must be good because they paid a good price for them. This fact has no gTea ter 
exemplification than in the purchase of Babbitt metal and is due to the great uncer· 
tainty existing not only among consumers but among manufacturers, many of whom 
carryon their business much the same as a patent medicine man. 

Tin imparts rigidity and hardness without increasing brittleness, and can produce 
alloys of sufficient compressive strength for nearly all uses. The original Babbitt 
metal-tin, 89'1, antimony, 7'4, copper, 3'7-is considered to have an exaggerated 
value as a bearing, at the same time being the most costly. 

Under bronzes, the author gives the composition of an alloy known as " plastic 
bronze," which deserves special mention, solidifying rapidly, being readily handled, 
gi "ing sharp and clean castings and machining well. Copper 64 per cent., tin 5 per 
cent., lead 30 per cent. and nickel 1 per cent. 

The author describes a machine invented by Professor Carpenter designed to 
determine (1) the loss of weight, (2) friction, (3) temperature of running, which he 
states to have a very considerable utility, and gives a number of tests and analyses 
of a very large number of alloys of varying composition, the paper in all constituting 
a most valuable reference on the subject of bearing metals.-G. H. CLAMER.-Th" 
Jow'nal ofth" Fmn/,;lin Instit11fe, July, 1903, pp. 49-75. (A. W.) 

A STUDY OF THI!: DOUBLE CYANIDES OF ZINC WITH POTASSIUM AND WITH SODIUM.
This paper appcars to have a most important bearing on the cyanide process as an 
earnest attempt to assign true values to the zinc compounds occurring in solutions. 
It has also a theoretic value from the author's praiseworthy attempts to prepare zinc 
cyanide, potassium zinc cyanide, as also the corresponding sodium salt. 

The paper is far too lengthy for copious reference here, but we strongly recom
mend a perusal of the original to all interested in the cyanide process. We append 
here a short summary of Mr Sharwood's results. 

When an alkaline solution, containing patassium, zinc and cyanogen is concentrated 
-as when potassium cyanide acts on zinc cyanide or zinc oxide, or when potassium 
hydrate acts On zinc cyanide-the compound potassium-zinc cyanide KoZn(CN)4 
crystallises out. 

The corresponding sodium salt has not been separated, but hydrated crystals of 
N aZn(CNl:, very impure, have been obtained. It is to be note,] that the mother 
liquids from all attempts to separate a definite sodium zinc cyanide contain 
NazZn(CN)4 in both strong and weak solutions. 

Both potassium and sodium cyanide in dilute solution dissolve zinc cyanide, form
ing the normal salts. 
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Notices and Abstracts 

Potassium cyanidc in decinormal solution dissolves small quantities of zinc oxide; 
when the latter is in excess it is dissolved in the ratio of 3 molecules zinc oxide to 10 
molecules of potassium cyanide, agreeing with the equation, 

20K(CN) +6ZnO + 4H20~5K2Zn(CN)4 +K2Zn02,8KOH 
which is partially decomposed on boiling with precipitation of zinc oxide (1 hydroxide 
ED.). Sodium cyanide acts similarly. 

Dilute solutions of potassillm hvdrate dissolve zinc cyanide completely as long as 
the proportion of 2 molecules of the fonner to 1 of the latter is maintained. Heating 
the solution causes precipitation uf zinc oxide, leaving free alkali in solution. 

A proportion of 1 to 1 also results in perfect solution with an aftel separation of 
zinc oxide. The author here says that the solution of zinc cyanide by potassium 
hydrate in this proportion is difficult of explanation and proposes the existence in 
solution of unstable Faits NaZn(CNh, N~Zn203' Although K2Zn(CN)4 is exceed· 
ingly stable, still, the reaction 

K2Zn(CN)4+2KOH=K2Zn02+4KCN + H20 
or a similar one, appear to take place, since the solvent power of a double cyanide 
solution is considerably increased by the addition of caustic alkali.-W. J. SHAHWOOD. 
---The Jau>"n<d aftlte Americ"" Chemical Society, June, 1903, pp. 570·596. (A. W.) 

A SYSTEM OJ<' QUALITATIVE ANALYSIS INCLUDING NEARLY ALL THE .METALLIC 
ELEMENTS-(Preliminary Puhlication).-The systems of analysis hitherto in vogue
especially for general analyses of minerals which contain but small quantities of what 
are known as the rare metals-have been so general in character that when applied 
by the ordinary chemist they have been found to be extremely'defective and of little 
practical value. A vast amount of valuable work has been published on the separa· 
tion of the rare elements of separate groups, e.g., the rare earths, the platinum 
metals and the rarer alkali metals. Bnt this work has been mainly done from the 
standpoint of quantitative analysis, and with reference to the limited number of 
elements found associated in certain important minerals or ores. The author, there· 
fore, three years ago set out to devise a detailcd scheme of analysis which is best 
adapted to the purposes of the '\nalyst, and the final rcsults will be fully published 
in the" Proceedings of the American Academy of Arts and Sciences," to which we 
draw the earnest attention of all chemists. In the author's own words the system of 
analysis will be primarily divided into a series of parts, in each of which will be 
described, as a rille, the detection of the elements, precipitated or otherwise, 
separated by a group reagent. Part I. will treat of the preparation of the solution; 
Part II. of the analysis of the tungsten· and niobium groups; Part III. of the 
analysis of the selenium and silver groups; Part IV. of the analysis of the platinum 
group, and the detection of lead and tellurium. Part V. of the analysis of the 
ruthenium, iridium, copper and molybdennm groups; and the succeeding parts of 
the rare earths, aluminium and iron, alkaline earths, and alkali groups. Dnder each 
part is first presented a tabular outline which will give a survey of the important 
steps and the chemical reactions involved in the procedure. This is followed by a 
general discussion, in which are presented the reasons for the adoption of the process 
employed. Then comes the procedure itself, and the explanatory notes upon it. 
N ext are presenteel confirmatory experiments and references which serve to sub.tan. 
tiate the statements made in the notes, and to justify the details of the procedure. 
Finally are given the test analyses, which were made with known mixtures according 
to the procedure, in order to test its efficiency. Thirty-six pages of detailed methods 
hitherto worked out are given, to which the reader is referred for further infonna· 
tion.-By A. A. NOYEs.-Teclmolayy Quarterly, June, 1903. (J. A. W.) 

CALCIUll CYANA)IIDE: A NEW STARTING-POINT IN THE CYANIDE MANUFACTURE. 
-In the manufacture of cyanides from atmospheric nitrogen the nitrogen is passed 
over barium carbide heated to redness in iron retorts and the resulting mass fused 
with sodium carbonate. On treating the melt with water, barium carbonate remains 
undissolved, and is reconverted into carbide to go through the process again, while 
the crude sodium cyanide is converted into ferrocyanide and puritied. In the re
torts only some 30 per cent. of the barium carbide is converted into barium cyanide, 
the remainder forming barium cyanamide, CN.NBa, while carbon separates; the 
cyanamide is converted into cyanide during the fusion with sodium carbonate, 
taking up again the separated carbon. The process gave good results on the manu· 
facturing scale, the (80 per cent.) carbide taking up at least 90 per cent. of the 
theoretical quantity of nitrogen, giving a product containing 11 per cent. of nitrogen, 
a melt with sodium carbonate containing cyanogen equivalent to 22 per cent. 
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Notices and Abstracts 

of pota-sium cyanide, and a final product of pure cyanide corresponding to 70 to 8(} 
per cent. of the nitrogen absorbed. Later, the more easily prepared calcium carbide 
was successfully substituted for barium carbide; and this alteration permitted of 
other changes in the later treatment of the material, effecting considerable econo
mies. The whole of the carbide is converted into calcium cyanamide and carbon, 
and the mass (20-23 per cent. of nitrogen) is fused with common salt instead of 
sodium carbonate, 90-95 per cent. of its nitrogen appearing finally as cyanide_ 
Two further improvements in the process have been worked out sillce the middle 
of ] 901. In the first place, it was discovered that the separate preparation of 
calcium carbide was unnecessary, and that calcium cyanamide could be formed by 
the action of nitrogen in the electric resistance furnace on a mixture of lime and 
carbon; and', secondly, it was found possible, by a simple lixiviation process, to 
convert the calcium cyanamide into the crystallisable, easily purified dicyandia
mide-

2(CN.NCa)+4(H.OH)=(CN.NH2h+2Ca(OHh 

This, fused with sodium carbonate, is largely converteJ into pure sodium cyanide, 
ready for the market without further treatment, while ammonia escapes as gas, to 
be absorbed in sulphuric acid ill the usual way, and the remaining dicyandiamide is 
polymerised, .and sublimes as a mixture of polymerides, which is returned to the 
melting pot in the next operation. The author suggests as an equation-

(CN.NH2h+Na2C03 +2C=2NaCN+NH3 +H+3CO+N 

Besides pure cyanide, other products having a high manurial value are manu
facturel by the process, and the cheap production of cyanamide and its polymeride" 
opens the way to the industrial synthesis of many of the derivatives of urea.
(Fifth Internat. Congress of Applied Chem., Berlin).-G. ERLWEJN, Zeits angew. 
Chem., 1903,16, [23J, 532-536.-Jonmal of the Society of Chemical ind"SI1'Y, July 
15,1903. (J. T. D.) (W.A.C.) 

- CARBoRuNDuM.-The old alchemists, in their paticnt search for the philosopher's, 
stone, discovered the properties of many substances and recognised new compounds, 
in that way laying the foundation of modern chemical research; and so it has been 
with other eXl'erimenters since that far-off time. Carbide of calcium, from which 
acetylene gas is generated, was, for example, an additional discovery which 
accompanied the search for something else. Another most important by-product of 
the electric' furnace is carborundum, which rewarded Mr Acheson, in 1891, for his 
endeavours to produce diamonds artifici;tl1y. Carborundum is now manufactured 
from coke, salt, sawdust and sand, and it resembles the diamond in three very 
important respects: [t is intensely hard, it is brittle; and it is insoluble in all liquids. 
It can be used for all purposes where emery has hitherto been employed; but it is 
as a lining to furnaces where exceedingly high temperaturcs are in question that 
this artificial mineral finds its most im,ortant 'role. Carborunduni is absolutely 
infusible, and a thin layer of it applied in the form of paint to "rdinary firebrick 
will confer upon them a resisting power to the highest temperatures which it IS 

possible to command. Tbe method of adapting carborundum to this service has 
been studied simultancously by Mr Engels, of Dusseldorf, and Mr Grant Raillie, 
of Blackheath, London, to the latter of whom we are indebted for these particulars 
concerning a most interesting product of the chemical laboratory.-New Zealand 
][ining, Engineering and Building Jo"rnal, July 9,1903. (C. D.) 

COAL-AsH.-The laboratory examination of coals for ash is usually limited to a 
determination of quantity, but the author points out that the nature of the ash is 
frequently of great importance, with special reference to fusibility. 

He states that the loss of heat efficiency due to ash is greater than at first sight 
appears, since in the steam boiler, as the ash accumulates on the bars, the amount of 
air penetrating to the fuel is greatly diminished, and heat is lost in the removal of 
clinker. This is true also in other cases, and especially where the solid fuel comes 
in contact with the material of the process, as in blast furnaces cement and lime 
working. In blast furnace work a change in the coke used frequently requires a 
complete change also in the proportions of ore and limestone, largely because the 
slag must retain constant properties and the coke-ash ingredients are, roughly speak
ing, transferred bodily to the slag and must be allowed for. Harmful elements, such 
as phosphorus and sulphur, have their own significance, and, altogether, the influence 
of ash composition is frequently so considerable as to necessitate complete analysis. 
In determination of quantity of ash the author insists in careful sampling avoidance 
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Notices and Abstracts 

of draughts on the crucible and too high a temperature c'ausing fusion and inclosure· 
of unburnt particles. The analysis requires fusion with alkaline 9arbonates, as with 
silicates and iron ores. 

In his determination of phosphorus the author departs from the usual practice in 
dissolving the molybdate precipitate in standard soda and titrating the excess of 
alkali with standard sulphuric acid. 

Although the oxides present in an ash are separately infusible, they are usually 
present in proportions capable of forming some compound of the type xRO.y~03 .• Si02 
and are in intimate contact. Many such compounds are easily fusible, and melt 
readily to form a clinker. 

The direct forecasting of the fusibility of an ash is not practicable, and the deter 
mination of fusibility is the simplest way to arrive at useful information. The author 
makes his ash into cones after Seger, but larger, being 1 in. sq. at the base, 3 ins. 
high, and one face standing vertical, grinding to fine powder (100 linear mesh) and 
using dextrin as a coherent. Lf ground to aIi ·impalpable powder, no coherent is 
necessary. After drying, the pyramids are set in a laboratory furnace and heated 
until one bends over, at which point the rise of temperature is checked. 'l'his is 
necessary, since the bending of the pyramid is a snmmation of all softening effect 
above the point of incipient fusion, and since the temperature is read when the 
apex bends over far enough to touch the surface on which the pyramid was set, a 
considerable rise of temperature above this point of incipient fusion may give too 
hig·h a reading.---J. W. COBB.-Journal of the Society of Chemical Industry, Jan. 15, 
1904. 

[ED. NOTE.-In connedion with the above, it may be interesting to record the fact 
that the Rand coal-ash frequently contains gold, as high as 4 dwts. per ton in one 
case having been found.] (A. W.) 

COBALT: QUALITATIVE AND QUANTITATIVE ANALYSIS OF COMPOUNDS.-The author 
has especially investigated the detection of nickel in presence of cobalt, and the 
separation of these two metals. 

He finds that the formation of nickel-carbonyl, though a very delicate test for 
nickel alone, 1 mgrm. showing a bright metallic ring 6-7 c.m. long in the capillary 
tube, fails when cobalt is present in excess, 1 mgrm. of nickel in 1 grm. of cobalt 
giving practically no indication of its presence. The test method is Pinerua's
treatment of the chlorides with ether saturated with hydrochloric acid gas; the 
yellow insoluble nickel chloride left is readily and certainly detected when 1 grm. of 
cobalt contains 1 mgrm. of nickel. For qnantitative separation, the potassium 
nitrite method is by far the best, though the method with nitroso-,B-napthol gives 
fairly good results. 

'l'he author carries out the nitrite process as follows: Place the solution of the 
chlorides 01' nitrates (from which metals of the second group, iron and alkali-earth 
metals have been removed) in a conical flask, and bring to a concentration of 1-5 
per cent. cobalt. Add 1 C.c. of nitric acid and 15 C.c. of potassium nitrate solution 
of 40 per cent. strength. Allow to settle, filter, wash with 15 C.c. of the nitrate 
solution, add the washings to the filtrate, together with 0'5 c.c. nitric acid, and allow 
to stand 12 hours. Filter through the tilter containing the first precipitate, and 
wash with a 10 per cent. solution of potassium nitrite (a third precipitation is but 
rarely needed). Replacc the filter and precipitate in the conical flask, dis,olvc in 
hot dilute sulphuric acid, filter, neutralise with solid ammonium carbonate, add 4-5 
grm. of ammonium oxalate, and electrolyse with a current of I ampere per sq. dm. 
under an E.M.F. of 3-4 volts.-H. Copaux, Bull. Soc. Chi",., ~903, 29 [81,301-306. 
Ahstract, Jom'nal Sodety Chern. Indus/J'Y, May 30,1903. (A. W.) 

COMMERCIAL CYANlDE.-Apropos of an abstract of a paper on "Notes on 
Commercial Cyanide" by Mr Whitby, appearing in your issue of February 28th, 
and of a discussion On this by Mr Doveton in yonI' issue of March 28th, and 
referring to the latter first: Mr Whitby infers that the existence of alkaline sulphide 
in commercial cyanide is rather an advantage than otherwise, inasmuch as it 
precipitates the zinc in the working solution. The question is, does a complete 
precipitation of the zinc take place 1 Or, to put it clearer, by adding a soluble 
sulphide to a working cyanide solution containing' zinc in access of that required by 
.the eqnations : 

Zn (OKh + S2 + 2 H20 = ZnS + 4 KOH 
and K2 Zn (eN). + K2S = ZnS + 4 KCN 

Is all the sulphur precipitated as ZnS 1 
- Having to work with solutions up to 0'75 per cent. potassium cyanide in a silver 
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696 Notices and A bst1-acts 

cyaniding proposition, I have been somewhat troubled by an accumulation of zinc in 
my solutions, and, acting on the above reactions, I endeavoured to precipitate the 
zinc by means of sodium sulphide. 

What happened was this: The zinc was only precipitated in an excess of 
sulphide solution. In other words, the above reactions are not complete ones, an,1 
at one and the same time the sulphide and zinc may be in solution. The excess of 
the sulphide may, however, always be thrown out of the solution by means of 
solu ble lead mlts. 

This, I think, bears out the experience of Mr Doveton. But Mr Doveton goes 
f)lrther and states that" The presence of zinc sulphide is equally obnoxious." He 
says that he has proved this; but I suggest it is not the zinc sulphide, 1'''' so, which 
is obnoxious, but rather that repeated washes of alkaline cyanide solutions 
re-dissolve the freshly precipitated zinc sulphide according to the equation: 

ZnS + 4 KOH = Zn (OKh + K2S + 2 H 20 

and that this potassium sulphide exerts the baneful effect noticed by him. 
With regard to the phrase" per cent. pure" guaranteed by the manufacturers of 

commercial cyanide, and so ably dissected by Mr Whitby, during the last ten years, 
and, of course, in consequence of the extensive use of potassium cyanide in gold 
extraction, manufacturers have brought the commercial cyanide from a l'roduct 
which was apologetically called potassium cyanide, to " product guaranteed 98-99 
per cent. pure. All credit is due to them for this. But at this stage they have 
stopped, nay, I might say, gone backwards, and by mixing together sodium and 
potassium cyanide are making a mixture which, without a complete analysis, one 
might at first sight think was 98 per cent. pure potaosillm cyanide, but which in 
reality contains the cyanogen radical equiv!tlent to ['8 per cent. potassium cyanide, 
but not necessarily 98 per cent. of potassium cyanide. 

The per cent. of potassium cyanide in a commercial sample is generally obtained 
by the well-known silver nitrate titration; a method which essentially measures the 
cyanogen rad ica I. 

The molecular weight of potassium cyanide is 65, that of sodium cyanide being 
49. r n other words, the manufacturers may turn out an article, containing 73'9 
per cent. sodium cyanide, wbich, by the above method of determination, is 
equivalent to 98 per cent. potassium cyanide, leaving room for 26'1 per cent. 
impurity instead of 2 per cent., which a guarantee of 98 per cent. naturally implies. 

An analysis of a commercial cyanide guaranteed 98 per cent .. pure will prove 
interesting: CN, 39'2 per cent.; K, 3'4; Na, 44'0; nnestimated, 13'4. 

Assuming that the whole of the potassium is combined with cyanogen, thl'n there 
is an impurity of 24'6 per cent. 'l'here is more than sufficient sodium to combine 
with the whole of the cyanogen radical, an,1 the oniy conclusion fo draw is that the 
product has been nicely adjusted to an equivalent 98 per cent. I,otassium cyanide. 

In view of these facts it seems to me that the time has arrived when cyanide 
managers should demand something more than a guarantee of 98 per cent. pure, 
which, as shown, leaves room for adjustment, an adjustment the advantage of wbich 
is being taken by the manufacturers. 

Either a complete analysis should be supplied by the manufacturers, an easy 
matter, or a guarantee of the cyanogen radical. The former is the better. 

H sodium cyanide is as efficacious as potassium cyanide for the solution of the 
values, and other things being equal, then it is only a matter of time when it will 
displace the use of potassium cyanide, since 1 ton of sodium cyanide contains as 
much of the active cyanogen radical as does 1 '32 -tons of potassium cyanide. 

[ believe I am correct in saying that the Scottish Cyanide Company is turning 
out sodium cya.nide only for gold extraction.-Frank W. Oldfield, Chinipas, 
Chihuahua, Mexico, April 8, 1903. Eng. ,wd Aft". Joum"l, May 2, 1903. 

CmlPARlSON OF DIFFERENT TYPES 0]<' CALORDIETER.-The question of the calorific 
power of fuels in relation to boiler economy and other engineel-ing problems has 
given rise during the last 20 years to the introduction of a large number of calori
meters, for each of which some special advantage has been claimed. Of these various 
forms there are but few in general use, and the differences between the results 
obtained with these instruments seriously militate against any great confidence being 
placed in such determination. It is, therefore, of importance to ascertain exactly 
how the results obtained with a particular type of calorimeter will compare with 
those determined with another form, which may be ve,'y different in principle, 

In view of the great differences which have been obsel'ved, and the extreme im-
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· Notices and A bsb-acts 

portance of the matter from au industrial point, the authors, at Professor Lewes' 
suggestion, undertook the investigation of some selected coals with typical calori
meters, and carried out the work in as careful a manner as possible, so that from a 
large number of experiments reliable data might be obtained, not only between one 
calorimeter and another, but also on thc limit of error which might be expected 
when a series of experiments were made with the same coal in the same instrument. 

Starting from an anthracite, the experiments were made with five coals, with 
gradually increasing amounts of volatile matter. Unfortunately it was not possible 
to obtain one in which the volatile lay between about 20 and 33 per cent., although 
through the kindness of colliery proprietors and agents several specimens were 
-examined. 

The calorimeters were the more common used representatives of certain types :
(1) Where,combustion is effected by an admixture with a solid oxidising agent 

(Lewis Thompson). 
(2) Combustion with oxygen gas at constant pressure-

(a) Where temperature of escaping gases is undetermined (William Thomson). 
(b) Where temperature of escaping gases is under control (F. Fischer). 

(3) Combustion with oxygen at constant volume (Mahler's bomb). 
With the exception of Parr's calorimeter, in which sodium peroxirle is used and 

the products absorbed, such a selection of calorimcters covers most types. There is 
no reason to suppose that any great difference in the results would be found with 
other individual calorimeters in each class. 

Lewis ThoJnpson Ua{o)'/:",elel'.-The recognised deficiencies of this much-used instru
ment have already been alluded to, and although a great deal has been written on 
the subject, no information has hitherto been available, so far as tbe authors can 
find, on the actual amount of coal which escapes combustion. If a charge be fired in 
a crucible in the open air, particles of ignited coal are thrown up to a height of 
several inches. Clearly if the bell were over the crucible such particles would be 
thrown back and extinguished. That the amount of unburnt coal largely depends 
upon the proportion of oxidising material employed-in fact, is roughly proportioned 
to it-is well shown by the four coals examined, in which the ratio was varied, 
Thomas (lac. cit.) states that" The quantity which appears to be best adapted is not 
that which always gives the most trustworthy results." That this is due to the 
unburnt coal is clear, for the mixture which burns most vig'orously is invariably that 
in which a high ratio of coal is employed, and which gives the greatest amount of 
unburnt coal. It would appear desirable, therefore, to use as large an amount of 
chlorate mixture as possible, but a practical limit is soon reached, for with the high 
proportions the combustion is very difficult to start, and more frequently than not 
the charge goes out, apparently owing to the mass of fuscd chloride, etc., in the 
crucible. The instructions often given to first find out the proportions in which the 
mixture burns most readily, and theu adopt thcm, is therefore misleading. 

Generally speaking, the corrected results agree fairly well with those obtained 
with Wm. 'fhomson and Fischer instruments: but the estimation of the unburnt 
{loal is so tedious an operation-and one which would bc seldom carried out in 
practice-that most observers would rely on the ullcorrected figure, and this would 
be so far from the truth, except with a highly bituminous coal, as to be quite 
valueless. 

Willimn Thomwn Cn[ol'imeler.-The results obtained with this instrument were 
certainly disappointing, the limit of error for a particular coal being higher than we 
anticipatcd. It will be seen, however, that the mean r~bults more closely follow 
those obtained in thc bomb than do the mcan results with the other instruments. 
Great care had to be exercised to get complete combustion in the crucible, for 
towards the end of the experiment the cooling effect of the platinum seemed to 
€xtinguish particles of coal in contact with it. We found it best to suspend the 
crucible in the brass cup with a fine platinum wire ring. Possibly better results 
would be obtained if, instead of a crucible, a basket of fine platinum gauge were 
€mployed, and the coal compressed into small cylinders, as with the Fischer 
instrument. 

Thc possible sources of error may be (n) error in thermometer reading which has 
already been referred to; (0) incomplete combustion of the coal in the crucible 
itself; (c) escape of products of combustion at a higher temperature than the water; 
(d) loss by the gases thcmselves, due to carbon monoxide, smoke, etc. 

'fhe results of our experiments have an important bearing on Adams' work, already 
referred to, where he claims to have shown that oxygen direct from the cylinder 
gave lower results than when the oxygen was saturated with aqueous vapour. 
Adams gives only two" careful" determinations with moist oxygen, and these are 
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Notices and Abstracts 

certainly in very close agreement, and one with cylinder gas direct. The moist 
oxygen gave a value some 220 calories hi!ther; but, with some other experiments 
not so carefully conducted with cylinder gas, the difference was only 126'4 calories. 
Seeing that in our experiments there was a difference of from 200 to 300 calories 
with the same coal under the same conditions, it seems desirable, before condemning 
the cylinder oxygen to make a more extended series of experiments with the oxygen 
under both con·.itions, and cven then a definite resuit can only he arrived at by an 
analysis of the gaseous products from every experiment. It is so little trouble, 
however, to run the oxygen through the water before use that it might easily be 
arranged for in every laboratory, and this also would minimise auy small error due 
to evaporation of water. 

Fisc/un' Calo1'imeteJ·.-This instrument gave very concordant results with each coal 
individually, the experimental error only amounting, on the averagc, to about 1 per 
cent, but the mean resuits, as compared with the bomb, were disappointing. In 
fOllr cases they were the lowest obtained by either instrument, and differed con
siderably from the correct value. On the five coals examined, the average error, as 
compared with the bomb, amounted to some 4 per cent. 

A curious result, and one for which we have not found a satisfactory explanation, 
was repeatcdly observed during the experiments. By allowing the oxygen to pass 
through slowly, the thermometer, which indicated the temperature of the escaping 
gases, could easily be mad~ to register nearly a degree lower than the temperature 
of the water in the calorimeter. It was thought that the expansion of the oxygen on 
leaving the cylinder caused a lowering of temperature, and that a cold stream of gas 
escaped through the outer spaces in the combustion chamber, but that this was not 
the case was proved by taking the temperature of the oxygen at the top of the 
pumice tower. Here the gas was invariably at the room temperature. 

1lIahle.1' CalOlimet,ic B01llb.-This gave most satisfactory results, and seeing the 
close agreement obtained, it was unnecessary to make more than three determinations 
with each coal. The greatest difference between any two results with the same coal 
was 26 calories. 

'fhe advisability of making any correction for the nitric acid formed bas been much 
discussed, and, therefore, we have included in Table IV. the uncorrected values and 
the corrected. An increase of temperature during the combustion will lead to the 
formation of more nitric acid, and since with a higher final temperature the radiation 
correction will be greater, the omission of this latter correction will tend to counter
balance any error caused by neglecting the nitric acid formed. Taking the mean 
results by both methods of calculating for the five coals, the mean value uncorrected 
is only some 50 calories lower than the corrected results,·the greatest difference with 
any coal amounting to some 62 calories. For all technical purposes, therefore, the 
simplest form of calculation is sufficiently accurate. 

General Concl'ltsio"s . ....:..The Lewis Thompson calorimeter is the only one in general 
use relying on a solid oxidising material, and with this instrument the experimental 
error is very large. For bituminous coals it might give a rough comparison, but in 
every case the amount of unburnt coal should be determined and such determinations 
arc lahorious, and far exceed the trouble of arriving at a correct resuit with a bomb 
calorimeter. 

The experimental error with a William Thomson calorimeter is also high, and 
whilst the Fischer calorimeter gives concordant results for the same coal, these 
results are far from the truth. There seems no reason to suppose that other calori· 
meters of either of these types should give much better resuits, for in every ca,e of 
burning coal with oxygen under atmospheric pressure there is the trouble of incom
plete combustion. 

The conclnsion arrived at by all who have ha<i experience with some form of bomb 
calorimeter as to its marked superiority is amply confirmed by our results. The 
only objection to its use is thc question of expense. It is easy to manipulate when 
once the details have been mastered, and determinations can be made with fair 
rapidity; it is not, however, an instrument suited to the rough and ready methods 
of an engineering shop. Calorimetric results are of little value unless thcy are fairly 
accurate, and the reqnisite degree of accuracy can only be arrived at when perfect 
combustion can be assured, as in the bomb.-J. S. BRAME and \VALLACE A. 
COWAN, Journal of the Society of Chemical Ind11stJ'.'I, No. 22, Vol. XXII., page 1230. 
(W.C.) 

COHHOSION OF IRON.-In the process of corrosion iron always passes thr~ugh or 
into a state of solution, and since there is no evidence of iron passing into solution 
except in the form of ions, the author considers that the l'rocess is an electro-
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Notices and Abstracts 

qhemical one, the rate of corrosion being a function of the electromotive foree 
between iron and the surrounding media and the resistance of the circuit. .'I'he 
corrosion of iron is primarily dependent only upon the concentration of hydrogen 
ions in the surrounding medium, while secondary processes dctermine whether or not 
insoluble compounds are deposited as a coating on the sm'face of the iron. It hn, 
been previously shown that iron reacts with pure water. J. A. Collins, in 1898, 
found that iron dissolves in the water and that the formation of rust is duc to a 
secondary reaction. A 'clean iron tube was filled with boiling distilled water and 
the boiling continued: for some time. A cap was then screwed on whilst the water 
was boiling and the tube heated for an hour to 1250 C. On cooling and removing' 
the water it was found to be quite clear and colourless, but on exposure to air in a 
glass vessel a precipitate of rust rapidly separated. Iron dissolves in watcr at a 
rate corresponding to the concentration of the hydrogen ions, the process being 
similar to the solution of iron in copper sulphate solution, hydrogen being separated 
in place of copper. Alkaline reagents which, either by dissociation or hydrolysis, 
produce hydroxylions, and consequently diminish the concentration of hydrogen 
ions in the solutions, arc the substances mostly used to hinder corrosion. 'rhe 
favourable effect of alkalis is due also to the fact that thcy combine with any carbon 
dioxide present. It is shown hy experiments that the presence of carbon dioxide 
is not essential for the corrosion of iron, and this is in accord with the fact that, 
especially in· boiling water, the concentration of the hydrogen ions is reduced rather 
than increased by dissolved corbon dioxide. Oarbon dioxide, however, plays an' 
important part in the corrosion of iron. If, for cxample, the feed water of a steam 
or hot water heating apparatus is not of an alkaline nature a portion of the carbon 
dioxide will be expelled on boiling, but will again redissoh'e in the cooler parts of 
the apparatus in the condensing water. 'I'his water will thcn exert a solvent action 
on the iron of the return pipes of thc system, according to the equation, 
Fe+2C02 +2H20=FeH2(C03h+ H2• In the boiler the dissolved iron bicarbonate is 
decomposed into iron oxide or hydroxide and carbon dioxide. 'I'he latter is thus 
free to again exert a solvent action on the iron of the return pipes, and so on, for an 
unlimited period. In the author's opinion, sufficient attention has not been pair! to. 
the fact that the corrosion of iron by carbon dioxidc is a cyclic process, and that, 
under suitable conditions, a trace of carbon dioxide has tne power of causing an 
unlimited amount of iron to pass into solution.-W. R. Whitney, Jour". Ame/·. 
Chem. Soc., 1903, 25 [4],394·406. Journal of tlte Society of Ckemical Industry, July 
15,1903. (A, S.) (W. A. C.) 

CYANIDE REACTIONS. - Referring to the recent discussion of the action of lead 
acetate on the sump solutions employed in the cyanidc process, I desire herewith to 
submit the results of experiments recently made by me on an analogous subject, 
namely, the action of potassium cyanide on silver sulphide in presence of lead 
oxide. 

'I'hree lots of a 10 per cent. solution of silver nitrate were precipitated with sodium 
sulphide and the precipitates washed. 

'1'0 the first was added 80 C.c. of a 0'25 per cent. cyanide solution and allowed to 
digest for 12 hours on filter. 

'1'0 the second was adder! 80 c.c. of a 0'25 cyanide solution and 5 C.c. of a 10 per 
cent. sodium hydrate solution and allowed to digcst for the same time. 

'1'0 the third was adder! 80 c.c. of a 0'25 cyanide solution and 5 C.c. of a 10 per 
cent. sodium hydrate solution to which had previously been added 2 C.c. of 10 per 
cent. lead acetate solution, and allowed to digest for same time. 

At the end of that time the amount of silver in solution was determined. 
'I'he first contained 0'0082 gram., the second 0'003, and the third 0'017, that is, 

6 '35, 2, and 21 '2 per cent. respectively. 
'I'he action of caustic soda in the second case in preventing solution is not very 

clear to me, but in the third case J presume that the lead oxide in solution decom
posed the silver sulphide, but, be that as it may, it largely increased the amount of 
silver dissolved in a given time. 

'I'his action has a very important bearing on the treatment of tailings by cyanide, 
when they contain a fair quantity of silver. I have been using lead acetate in my 
sumps for some time past, with very favourable results, causing the silver extraction 
to rise from 50 to 80 per cent. 

I am aware that the use of lead acetate in thc sumps has already been recom
mended by 1\1r Alfred James and others, but 1 am not aware that the direct 
decomposing influence of an alkaline solution of lead on silver sulphide has yet been 
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pointed out.-Alfred Chiddy, Mina de El Transito, Amapala, Honduras, March 21, 
1903.-The Rngineering and .Mining Jmmwi, May 16tb, 1903. 

CYANIDE SOLUTlON ASSAYs.-Alfred Cbiddey, cyanide manager of the El Transito 
Mine at Amapala, Honduras, advances the following as the best metliod of assaying 
cyanide solutions handled >0 extensively in the state:-

" I bave been experimenting for some time in trying to find a more rapid method 
tban those in ordinary use, and bave at last devised the following: Introduce into a por • 
.celain dish four assay tons or more of the solution to be assayed, add 10 c.c. of a 10 per 
cent. solution of acetate of lead, then four grammes of zinc shavings; boil a minute, 
add 20 c.C. of hydrochloric acid. When the action has ceased, boil again; wash the 
spongy leae! with distilled water; transfer it with a stirring rod to a piece of filter 
paper; squeeze into a compact lump and place in a hot cupel. The mouth of the 
muffle shoulcl contain a piece of dry pine wood, so that tbe muffle is filled with flame 
at the moment of introducing the spongy lead. 'rhe above process, which I believe 
is strictly original, gives slightly higher results than the evaporation process as 
ordinarily conducted, and it is much more rapid. occupying only twenty-five minutes. 
Tbe proportion of silver to gold in our solutions here is about 10 to 1. In the case 
of very dilute nearly pure gold solutions, I would buggest the addition of a known 
quantity of nitrate of silver dissolved in cyanide before adding the acetate of lead." 
Mining Reporte)', June 4, 1903. (S. H. P.) 

DETER;\IINATION AND SEPARATIOX OF CYANOGEN COMPOUNDS, AND THEIR hI
PUHITIES.-A series of processes is proposed, ba;ed upon the principle of converting 
tbe cyanogen compounds into cyanide, distilling off the hydrocyanic acid into 
caustic soda solution, aud titrating with silver nitrate. 

1. A /1.;" Ii Cyanides. -If cyanides of the alkalis, ammonium, or the alkaline eartbs 
are distilled with solutions of certain neutral salts, preferably magnesium chloride 
or lead nitrate, the cyanogen is expelled quantitatively as hydrocyanic acid; 
thus :-

(1) MgCI2 +2KCN +2H20=Mg(OHh+2KCl+2HCN 
(2) Pb(N03b+ 2KCN + 2H20 = Pb( OHh+ 2KN03 + 2HCN 

If sulpbide is present in tbe solution to be distilled, lead nitrate should be used, to 
avoid the evolution of sulphuretted hydrogen which OCcurs wben magnesium 
chloride is employed. In analysing a pure alkali cyanide, 0'25 to 0'5 grm. of the 
substance, dissolved in 80-100 C.c. of water, is distilled with 5-30 ~.c. of 3N mag· 
nesium chloride solution for about 15-20 minutes, the exit tube of the condenser 
dipping into 26 C.c. of N caustic soda solution. The whole apparatus should be 
gas-tight, and should be placed in a good draught chamber. '1'0 the liquid contain. 
ing the distillate there is added about 5 C.c. of a 4 per cent. solution of potassiuni 

iodide, and the cyanide is then titrated by means of {i; silver nitrate solution. The 

results are accurate and are not influenced by tbe presence of ferrocyanides, thio
cyanates, or (if lead nitrate be used in the distillation) sulphides. 

2. Iron-cyanogen C01llpounds.--Ferrocyanides and ferricyanides are first boiled in 
alkaline solution with mercuric chloride, whereby mercuric cyanide is formed, and 
the latter is then decomposed with sulpburic or hydrochloric acid, the hydrocyanic 
acid liberated being distilled off and titrated as mentioned abo<e. The solution of 
mercuric chloride employed is mixed previously with magnesium chloride in the 
proportion of 1 mol. of mercuric chloride to il-4 mols. of magnesium chloride. From 
such a solution no mercuric oxide, but merely magnesium hydroxide is precipitated 
on mixing with the alkaline liquid. The reaction, in the case of potassium ferro· 
cyanide for example, is as follows :-

In analysing pure soluble salts, 0'3·0'5 grm. of the substance is dissolved in 100· 
150 c.C. of water, 10 c.c. of N caustic soda are added, and to the boiling solution 
1~ C.c. of 3N magnesium chloride solution are added very slowly to avoid the forma· 
tion of clots of magnesium hydroxide. '1'0 the boiling mixture about 100 C.c. of 

boiling ~ mercuric chloride solution are added, and the whole is boiled for 5-15 

minutes. The liquid is tben distilled with the addition of 30 c.c. of 4N hydrochloric 
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or' sulphuric acid, the hydrocyanic acid being collected in caustic soda solution and 
titrated as above described. Any metallic mercury that may be present in the 
distillate is without influence on the titration. 

Insoluble pure salts, such as Prussian blue. are decomposed by rubbing 0'5 grm. 
into a cream with 4-5 C.c. of water, and boiling; 30 c.C. of 3N magnesium chloride 
solution are next added, and the process then proceeds as prescribed for the 
80lu ble salts. 

3. SulJ?hi.des.-In dete~mining ~ulphides, thiosulphates, and thiocyanates, the 
sulphur IS In each case hberated In the form of sulphuretted hydrogen which is 
received in iodine solution and determined by back-titration. ' 

The distilling flask is connected to a supply of carbon dioxide and to a series of 
bulbs, the first sot of which is empty, and serves to condense the distilled water, 

the second and third containing ~ iodine-potassium iodide solution, and the fourth 

containing ~ thiosulphate solution. Air is swept out of the apparatus by means 

of carbon dioxide before the distillation begins, and a current of the gas is 
maintained during the operation. 

In tbe case of sulphides, magnesium chloride is used for expelling the sulphuretted 
hydrogen by direct distillation. the reaction proceeding as follows :-

Othor sulphur com pounds are not attacked by magnesium chloride. If cyanide be 
present, hydrocyanic acid is liberated, and in this case it is only necessary to add to 
the iodine solution in each set of bulbs about 2'5 c.c. of 4N hydrochloric acid to 
prevent the formation of iodine cyanide. At the end of the distillation the excess 
of iodine is titrated directly by thiosulphate solution, with starch as indicator. 

4. Thiosnlphate .• and Thiocyanates.-If these salts be distilled with strong hydro
chloric acid in presence of aluminium, the sulphur is expelled quantitatively as 
sulphuretted hydrogen, in accordance with the equations ;-

(1) 3KCNS+4AI+ISHCI=3KCI+2AI2CI6 +3NH4CI+3C+3H2S 
(2) 3Nu.,S203+ SAl +30HCI=4AI2CI6 +6NaCI+9H20+ 6H2S 

Six small coils of sheet aluminium, made of strips about 20 cm. long and 0'5 cm. 
broad, are placed in the flask along with the substance under examination and about 
100-120 c.C. of W{1ter. Into the boiling solution 20 c.C. of 4N hydrochloric acid are 
run, and after the violent evolution of hydrogen has ceased, further quantities of 
acid are added until no further decolorisation of the iodine solution occurs. A 
gentle stream of carbon dioxide is maintained during the distillation. The excess of 
iodine is then titrated. If both thiosulphate and thiocyanate are present, the latter 
must be determined as below, and the thiosulphate found by difference. 

If a thiosulphate be boiled with a solution of mercuric chloride, rendered alkaline 
by means of magnesia, the thiosulphate is completely decomposed, as follows ;-

Nu.,S203+HgCI2+ MgO=HgS+ 2NaCI+ MgS04 

Under these conditions tbiocyanates are unaffected. Tn analysing a mixture of 
thiosulphate and thiocyanate, therefore. the substance is boiled for about 10 minutes 
with the mercuric chloride-magnesium chloride solution referred to at (2) above. to 
which some magnesia has been added. After cooling, the liquid is diluted to a. 
definite volume, filtcred through a dry filter. and an aliquot portion of the filtrate, 
which contains the thiocyanate alone, is distilled with hydrochloric acid in presence 
of aluminium, as already described. 

5. Influence of :SulphUl', C,1!anoge", and han Compounds on the Dete?'",ination of 
Ferrocyanide. - In determining ferrocyanide by rlistillation (see (2) above), in 
presence of sulphides and thiosulphates. the iodine EOlution becomes slightly turbid, 
on account of the presence of free sulphur, and can with difficulty be titrated with 
silver solution. This trouble is overcome by agitating the iodine solution with lead 
carbonate filtering, and titrating an aliquot part of the filtrate. In presence of 
thiocyanate, the results are much too low if bydro~hlori.c ~cid is used for th,: 
distillation but the results are accurate when sulphurIC aCid IS employed. Alkah 
cyanides a~e. without .prejudicial effect;. by distilling the mixture fi~st with mag
nesium chloride solutIOn alone, the cyamde may be accurately determined, and the 
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ferrocyanide in the residue can then be determined by distillation ·after conversion 
into mercuric cyanide. III analysing insoluble compounds-such as Prussian blue
which require to be decomposed first with caustic alkali, serious discrepancies occur 
if free cyanide, sulphide, thiosulphate, and ferrous compounds are present, as the 
eyanide, in presence of the alkali, is converted more or less iuto thiocyanate and 
ferrocyanide. In such cases the free cyanide may be eliminated by evaporation to 
dryness with magnesium chloride solution prior to the extraction with caustic 
alkali, or a preferable plan is to convert it all with certainty into ferrocyanide by 
treating the substance with a solution of a ferrous salt before extracting with caustic 
alkali. ' 

6. II narysis of O,·"de Cy,mide lI[a/eri,tis.-Free ,dl:ali cyanide is determined by 
distillation with lead nitrate solution, as at (I) ahove. Should any sulphur find its 
way into the iodine solution, it is removed by means of lead carbonate, as at (5). 
In determining the soluble iron-cyanogen cmnpOltnds, these must not be extracted by 
boiling or digesting with warm water; even pure cold water should not be used. 
By cxtracting in the cold with a solution of magnesium chloride, all the soluble 
cyanogen compounds are obtained without the risk of interaction with the sulphur, 
&c., present, and the liquid can be readily filtered. It is then boiled with the 
addition of about 0'5 grm. of magnesia to decompose free cyanides and sulphides, 
and, after the gradual addition of caustic soda solution, it is hoiled with mercuric 
chloride solution and distilled with sulphuric acid, as at (2) ahove. The sulphide 
is determined by direct distillation with magnesium chloride, as at (3) above; the 
residue from the distillation is then dividcd, and the thiow.lpltate and thiocyanate are 
determined as at (4). In determining the insoluble i1'on cyanogen comp0l<nds, in 
Prussian blue, for example, the method of extraction is of thc greatest importance. 
The author finds that the methods hitherto in use are quite unreliable, since on 
warming Prussian blue with caustic alkali solution in presence of sulphur com
pounds, a loss of ferrocyanide, through formation of thiocyanate, occurs. A short 
extraction with caustic alkali in the cold, however, does not lead to the production 
of thiocyanate. The method of procedure depends upon whether the alkali cyanide 
is first to be eliminated or is to be included in the analysis. In the former case, 
from 0'5 tc 2 grms. of the substance are rubbed down finely with I c.c. of 3N mag
nesium chloride solution and 2 c.c. of water, and the mixture is dried on the water
bath to expel thc hydrocyanic acid. Thc residue. when perfectly cold, is rubbed 
into a cream with 5 C.c. of 8N caustic soda solution for a few minutes; about 10 c.c. 
of the magnesium chlorine solution are slowly added with continuous stirring, and 
the liquid is transferred to the distilling flask; 20 c.c. more magnesium chloride 
solution are added, the whole is diluted to 150-200 c.e., and is boiled for five 
minutes. To the boiling solution 100 c.c. of builing decinormal mercuric chloride 
solution are added, and, after 5-10 minutes' boiling the liquid is distilled with the 
addition of 30 c.C. of 4N sulphuric acid, the titration being carried out as before. J n 
determining the total cyanogen content, inclusive of the free cyanide, 0'5-2 grms. of 
the substance are rubbed down finely with I c.c. of normal ferrous sulphate solution 
and 5 c.c. of 8N sodium hydroxide solution; the analysis then J?roceeds exactly as 
described above-W. Feld, J. f. Gasbeleucht, 46, [29], 561-56i; L30], 603-606; [31], 
629-632; [32], 642-645; [33], 660-666.-JOlLl'iud of the Society of Chemical Industry, 
Sept. 30, 1903. (A. W.) 

DETERMINATION OF CARBON MONOXIDE.-The author gives the following method 
for the preparation of the hydrochloric acid solution of cuprous chloride used in 
the determination of carbon monoxide, e.g., in water-gas. 34 grms. of crystallised 
cuprous chloride, 50 grms. of water, 150 grms. of hydrochloric acid, and 25 grms. of 
copper foil in strips 1 in. wide and 3 ins. long, are placed in an 8-oz. stoppered bottle, 
the stopper is tied down, and the bottle inverted and kept in a warm place. In about 
three days a colourless solution is obtained, which will remain unaltered for several 
months.-C. R. C. Tichborne. J. Gas Lighting, 1903, 83, [2101], 431.--Jonmal of 
·tfte Sodei.'! of Ohemical inc/ltsh·.';, October 15, 1903. (A. W.) 

DETERMINATION OF CARBON MONOXIDE IN FIT Am. - Under certain circum
stances the determination of small traces of carbon monoxide in pit air may be of 
great importance in judging the state of ventilation in a colliery, since the presence 
.of this gas, be the quantity never so slight, points to incipient smouldering in the 
coal, which, whcn detected and looked after in time, may prevent immeasurable 
damage. Again, where a section of the workings is already on fire and has been 
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shut off by dams, it is equally important to be able to quickly and accurately aScer
tain the proportion of carbon monoxide in the products of combustion. Up to the 
present the u8ual method of performing these determinations in the case of small 
quantities was by means of the blood test Or the palladium chloride reaction, both of 
which furnish extremely unreliable results; and it is, therefore, exceedingly useful 
to have a method which enables the presence of small traces of the gas in questivn to 
be quickly ascertained in an exact quantitative manner. Such a method is that 
elaborated by lI1.olterski and Nowicki, which is based on the labours of Ditte, and 
complies with the foregoing conditions. 

The principle on which the new method rests is as follows: If a mcasured quantity 
of a gaseous mixture, containing carbon monoxide but free from carbon dioxide, be 
passed over hydriodic anhydride, heated to 120" to 1500 C., one molecule of 
the anhydride will oxidise fi ve molecules of the carbon monoxide to carbou dioxide, 
leaving undecomposed tbe light and heavy hydrocarbons that may be .present in the 
mixture. The iodine may then be eliminated 'by means of pure metallic silver, 
whilst the carbon dioxide is absorbed by passiug it through a standard wlution of 
baryta, and estimated, the amount of carbon dioxide found being a direct measure 
of the carbou monoxide originally present. The residual gas can afterwar,ls be 
tested for the percentag'e of hydrocarbons by the Winklcr method of combu;;tion 
over glowing copper oxide.-Dr A. Filluuger, Oestelnichische ZeitseM'ift jiir lJergund 
}lulte",uesen. 1'he Colliel·.'! Guardian, May 29, 1903. (S. H. P.) 

DETER;\IINATION OF FREE LnIE AND OF SO-CALLED "DEAD BURNT" Lnm.-A 
method is described for the estimation of free lime in Portland cement, hasic phos
phate slags, commercial quicklime, and similar substances, which is based on the fact 
that free lime combines almost instantly with water, whilst basic calcium silicates are 
acted on much more slowly by water. A quantity of the substance, weighing 0:2 to 
0'3 grms., is first heated in a platinum crucible to expel moisture, or, in the case of 
cements, is heated by means of a blowpipe for a few minutes to expel carbon dioxide, 
and after cooling in a desiccator is again weighed. A few drops of recently boiled 
distilled water are added to the contents of the crucible, which is placed in a cylin
drical brass receptacle provided with brass inlet and outlet tubes. This brass 
receptacle i. then put into an air bath and heated at 85 deg. for about half an hour. 
A slow current of air, previously frced from moisture and carbon dioxide, is then 
drawn through the apparatus and tbe temperature raised to 185 deg. After the 
erucible has been thus heated for half an bour, it is transferred to a desiccator, and, 
when cold, is weigbed. The increase is the weight of water which has united with 
the lime to form calcium hydroxide. A diagram of the apparat.us is given. 

It is generally supposed that when lime is very higbly heated it becomes " dead 
burnt," or inert to water, but experiments have shown that pure lime which has been 
treated in this way slakes comparatively readily with warm water. 

Lime combined with silica in proportions not exceeding 3 mols. of lime to 1 mol. 
of silica, is only slowly acted on by water, and this method of estimating lime can 
therefore be employed in presence of di- and tri-calcium silicates, which are assumed 
to be present in Portland cements. 

Aluminates are hydrated much more rapidly than silicates, and an allowance must 
therefore be made for the water with which they combine. The various calcium 
aluminates take up varying quantities of water, and the authors intend to study this 
subject. They conclude, however, from experiments already carried out, that if a 
Portland cement containing less than 10 per cent. of alumina takes up more than 3 
per cent. of water, the excess is due to thc free lime present.-E. H. KEISER and S. 
W. FORDER (Ame ... Chem. Jon1'nal, 1904, 31, 153-162).-E. G.-Journal Chemical 
Societ.'!, March, 1904. (W. A. C.) 

DETERMINATIOS Q}' MANGANESE IN PRESENCE OF IRON.-A quantity of pure 
manganese salt containing about 0'1~ grm. of manganese is boiled for six minutes 
with 50 c.9. of a solution of persulphate containing about 60 gnllS. per litre, and the 
precipitate filtered and washed. This precipitate is dissolved in a known volume of 
ferrous sulphate solution of known titre, and the amount oxidised determined by 
titrating the excess with permanganate. The results agree with those obtained by 
igniting the precipitate and weighing the manganese protosesquioxide produced, so 
that the precipitate is composed of manganese dioxide. This is not the case, 
however, if the precipitation be carried out in alkaline solution. 

In presence of iron certain precautions are necessary. 'I'he solution should he 
effected, preferably, with sulphuric acid. ·In presence of small amounts of man-
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ganese (0':)·1'0 pel' cent.), the degree of acidity is important, too little acid causing 
the precipitation of basic ferric salts, difficult of filtration, whilst too much hinders 
the precipitation of the manganese. To 250-350 c.c. of liquid shoulrl be added about 
20 C.c. of sulf>huric acid of sp. gr. 1'18; or, the solution should be as nearly as 
possible neutralised, excess of persulphate (3-4 grms. per grm. of iron), added, the 
liquid made up to about 300 c. c., the requisite quantity of acid adrled, and the 
solution boiled. With small quantities of manganese the boiling should be continued 
for twenty minutes. In the analyses shown (nickel steel containing 0'45 per cent. of 
manganese, and commercial ferrous sulphate containing 0'017 per cent.), the true 
co-efficient for conversion of iron into manganese, 0'491, was used; but in some 
cases the results are too low, and the co-efficient 0'5008, ohtained by comparison 
with a' pure manganese salt (see former paper, loco cil.), must be used. 

With manganese alone in solution, the precipitate can be dissolved in the liquid 
without filtration in excess of hydrogen peroxide, and the exce"s of peroxide titrated 
by pernk'lngantlte. In presence of iron, zinc, cadmium, nickel, or copper, however, 
the results by this method were always far too high. 'l'he author now finds, 
however, that accurate results are ohtainable if the boiling be long continued, so 
as to ensure complete decomposition of the excess of persulphate. The following 
points must be attended to :-1. The acid solution must be boiled for at least 15-20 
minutes after adding persulphate. 2. The liquid must be thoroughly cooled before 
adding the hydrogen peroxide. 3. Not too great an excess of hydrogen peroxide 
should be used. 4. The titration with permanganate should be carried out im
mediately after the solution of the precipitate in the peroxide is complete.-G. \'. 
Knorre, Zeits. angew. Chem., 1903, 16, 138], 905-911. (See also JOlUl'n. So('. Chem_ 
Ind., 1902, n.-Journal oflhe Sociely of Chemical [ndus/J'Y, October 15, 1903. 

DETEmIlNATION OP NITROGEN.-The substance is heated with sulphuric acid and 
potassium oxalate until the liquid is decolorised and reduced to small volume, the 
residue is cooled, dissolved in water, and exactly neutralized with sodium hydroxide. 
The nitrogen is now present a8 ammonium sulphate, and is determined either gaso
metrically by means of sodium hypobromite, using for comparison a Folution of 
ammonium sulphate of known strength; or in the form of ammonia hy boiling the 
liquid with excess of caustic soda, and titrating back with standard acid. The 
method is claimed to possess the advantage over Kjeldahl's process, that no distilla
tion is required.-Den,"ues, Hull. des T,·an.,. de l" Soc. de Plwrm. Bordeau:,,; l'hMma
ceutical Jm,rn«l, 1903, 71, 613, Jonl',ut/ of Ihe Society of Chell";",,l Ind1tsl)'y, Dec. 15, 
1903, p. 1309. (A. W.) 

DETER~IINATION OF SULPHURIC ACID.-The inaccurate results ohtained in the 
determination of sulphuric acid as barium sulphate, in the presence of iron, chromium, 
aluminium, and potassium salts, are stated to be due to the co-precipitation of com
plex barium salts. Sulphuric acid in the presence of iron, aluminium and chromium 
can, however, be accurately determined by precipitation with strontium chloride in 
alcoholic solution, and the method is especially suitable for the rapid determination 
of the sulphur in pyrites. About 0'5 gm. of the pyrites is decomposed by 20 C.C. of 
aqua regia, evaporated several times with hydrochloric acid. the residue treated with 
hot hydrochloric acid and filtered. In the filtrate the sulphnric acid is precipitated 
by alcoholic strontium chloride solution and 100 C.C. of alcohol are added. The 
precipitate is digested at a moderate heat for one hour, allowed to settle in the cold, 
and the clear solution poured off through a filter. The precipitate is stirred with 2 
c.c. of hydrochloric acid (2 : 1) and 50 C.C. of alcohol, allowerl to settle, the clear 
solution again poured off, and the precipitate washed with alcohol, three times by 
decantation, and finally on the til tel'. The precipitate filters well and is free from 
chlorine. The results are concordant and are 0'89 per cent. higher than those 
obtained by Lnnge's method and 0 '53 higher than those obtained by Kiister's method 
(Zeil ... «"org. Chem., 19, 100).-R. SILBERBEIWER-1ll0natsh. Che",., 1904. 25, 220-
248. (A. W.) 

DETERMINATION OF SULPHUR IN PYRITES (Report of a Committee of the Chemical 
Society of Northern France to the J<'ifth International Congress of Applied Chemistry, 
Berlin}.-The Committee have examined particularly the dry processes of Clark 
(sodium peroxide) and of Fresenius (sodium carbonate and nitrate) and the wet 
process of Lunge. They recommend the last-named-oxidation with aqua regia. 
repeated evaporation with hydrochloric acid. and removal of silica, precipitation of 
iron with ammonia, and treatment of the filtrate with barium chloride (presumahly 
a.fter acidification). They recommend a more thorough washing of the fenic 
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hydroxide. Sulphates unavailable for the sulphuric acid process chiefly remain with 
the silica and are' thus not included in the determination.-Zeits. Anile,". Chern., 
1903, ]6 [23], [;41-2. The Journal of the Society of Chemical [ndus/,.y, July 15, 1903. 
(A.W.) 

DETERMINATION 01" THIOCYANATES (SULPHOCYANIDES) IN GAS LIQUOR.-The 
methods hitherto followed having proved unsatisfactory a modified method has been 
devised and worked out by Mr Linder, which appears to meet all requirements. 
To the previously boiled liquor ferric chloride is added in slight excess (in case a 
fel'rocyanide is present, which rarely happens), and after filtering off the prussian 
blue, sulphurous acid in excess is added to the filtrate, followed by copper sulphate. 
After standing in the cold the precipitate of cuprous thiocyanate is separated 
washed and oxidised by nitric acid, and after boiling a slight excess of Bodiun: 
carbonate is adued, followed by acetic acid and potassium iodide. Then, after 
diluting the solution, the iodine set free is titrated with thiosulphate.-The Jou1"1wl 
of the Society of ehe",ical Ind'ust,.y, July 31,19(3. (W. A. C.) 

ELECTROLYTIC ANALYSIS OF GOLD.--At a recent meeting of the Faraday Society, 
Dr F. M. Perkin and Mr W. C. Prebble gave the results of researches to arrive at 
an electrolytic method of estimating gold, which should be perfectly accurate and 
yet far more rapid than tbe ordinary double cyanide method, which the authors, 
ditfering from Classen, consider inordinf,tely long, even in bot solutions. Solutions 
of sodium thiosulphate, cyanide, sodium sulphide, potassium thiocyanate, and 
ammonium thiocyanate were all tried and the results compared. Tbe first-named 
was useless; of the others-wbich are all accurate-the thiocyanates gave the best 
results, and the ammonium salt was better than the potassium. With currents of 
0'2 ampere per sq. dem" the deposition of 0'05 to 0'08 gm_ of gold was complete 
in five or six hours. With a current of 0'4 to 0'5 ampere, 1 '5 to two bours sufficed. 
'rhe presence of a little persulphate considerably reduced the voltage required. 
Experiments were also made to determine the best method of removing the 
deposited gold. Chlorine or bromine water was satisfactory, but slow; aqua regia 
was risky; the authors recommended a 2 per cent. solution of potassium cyanide 
containing a little hydrogen peroxide or a persulphate. One or two minutes then 
sufficed to remove the gold.-Enginee,.ing and Mining Jou,.nal, April 7, 1904_ 
(T. L. C.) 

ESTIMATION AND SEl'ARATION OF CYANATES, CYANIDES, THlOCYANATES, AND 
SULPHlDBs.-A Wurtz flask is fitted with a stop-cock funnel, the stem of which 
reaches the bottom of the flask; tbe side tube is connected with a vertically-placed 
bulbed Allihn condenser, the lower end of which dips into strong potassium bydroxide 
solution. The flask is charged witb a solution of potassium hydrogen sulphate and 
cadmium sulphate, which is boiled until the air i. expelled from the apparatus. 'rbe 
mixed solution to be analysed is then added through the funnel at such a rate that 
the evolved gases are completely absorbed by the alkali. The sulphide present is 
converted into cadmium sulphide, the cyanide evolves hydrogen cyanide, the cyanide 
is hydrolysed to ammonium sulphate and carbon dioxide, tbe thiocyanate is left 
uncbanged, After boiling for half an hour the reactions are complete. The cadmium 
sulphid~ i< collected on a Gooch filter, tbe filtrate being received in a secoud Wurtz 
flask. Addition of a little ether assists the filtration. The condenser is rinsed out 
and the cyanide in the distillate is titrated by Liebig's metbod after adding a drop of 
potassium iodide. The second Wurtz flask is now connected with tbe nondenser. 

Alkali is run in through the funnel and the ammonia is distilled oVer into ~ sul

phuric acid. Finally, the thiocyanate is titrated by either Volhard's or Hendriques' 
method. The results are excellent. A control may be obtained by estimating
the total nitrogen of the mixed substance by Kjeldahl's process; this method be
coming practicable after adding formaldehyde to convert tbe cyanide into hydroxy
acetonitrile.-J. Milbauer, Zeit. Anal. Chern., 1903, 42, 77-95. Journal of Chemical 
Society, June 1903. (W. A. C.) 

EVAPORATION OF METALs.-In the issue of the Chemical Society's Joumal for the 
current month will be found a long abstract of a paper by Ml' F. Krafft on "The 
Evaporation and Boiling of Metals in Quart" Glass, and in the Electric Oven in the 
Vacuum of the Catbode Light." The observation that many substances boil quite 
regularly and at a definite temperature under the pressure of a column of their own 
vapour only in the vacuum of the cathode light, can be extended to metals by using 
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suitable apparatus. For this purpose quartz vessels are invaluable, as they can be 
taken out from an electric furnace at 600° or 1200°, allowed to cool, and put 
straight back again without breaking, even when they contain metal; neither do 
they crack at the point at which the tube emerges from the furnace. They can be 
readily used for temperatures up to 1200°, and, with care, even at 1200° to 1400°. 
Tight joints can readily be made which will maintain the cathode light vacuum, but 
as the vessels are attacked by oxides it is advisable to admit carbon dioxide or 
nitrogen rather than air· when the vacuum is no longer needed. The use of an 
electric furnace is not only convenicnt, allowing, as it docs, of a rapid and exact 
regulation of the temperature within 2° or 3° over a range from 14° to 1400°, but is, 
in faet, almost essential, as the 'luartz vessels do not project far from the furnace, 
and it is necessary that the wax which is used to makc tigbt the joints should not 
be melted, as would inevitably be the case with any of the ordinary types of furnace. 
In the vacuum of the cathode ligbt, zinc sublimes so rapidly, even at 300°, that the 
upper part of the vessel becomes covered with an opaque layer of metal in tbe 
course of a few seconds; actual boiling occurs when the temperature outside the 
tube is about 640°, and the process is very rapid, 5 gms. being distilled in 30 mins. 
In a large apparatus it should be possible to distil a kilogramme of zinc at a con
stant temperature in quite a short time, Calcium begins to sublime at 322° and 
boils when the temperature of the oven is 474°. Selenium distils quickly at 380°, 
whilst tellurium begins to suhlime at 430°, and boils at 555°. Lead' begins to 
evaporate at about 1000°, and at 1180° (temperature of oven) boils vigorously. Tin 
is much less volatile, and does not show any sign of evaporating at 1100. ° Anti
monyevaporates freely at 670°, and rapidly distils at 775° to 780°. Bismuth begins 
to evaporate at 540°, and boils at 1045° to 1050°. Silver evaporates very rapidly 
near its melting point, but does not boil at 1229°-the highest temperature of the 
experiment; a second experiment showed a very rapid evaporation at 1340°, but 
no boiling. Copper evaporates at about 1300°, but probably would not boil below 
1500° or 1600°. Gold is even less volatile than copper, and shows only a slight 
evaporation at 1375° ; it might boil at about 1800°. It is notable that the boiling 
points arc in the order of the valencies, and not of the atomic weights of the metals. 
The actual temperatures at which the metals boil depends on the temperature of the 
oven, and also on the height of the vapour column, which can be easily varied by 
raising or lowering the distilling tube in the furnace, since complete condensation 
takes place immediately outside the furnace. The boiling point of cadmium under 
a 6 cm. column of vapour rose from 424° to 450° as the temperature of the oven was 
raised from 462° to 540°, under a 9 cm. to 10 cm. vapour column from 435° to 480' 
(oven temperature 488° to 583°), and under a 13 cm. to 14 cm. column from 430° to 
474° (oven 485° to 589°); the boiling point thus rises regularly with the height of the 
vapour column, but only rises relatively slightly when the temperature of the oven 
is raised considerably. With the oven temperature at 714°, zinc boils at 5450 under 
a vapour column of 60 mm., at 553° under 100 mm. of vapour, and at 560' under 
135 mm. of vapour. With a furnace temperature of about 1100° bismuth boils at 
994° under 60 mm., at 1014° under 90 mm., and at 1045° under 135 mm. of vapour. 
Antimony under a short vapour column boils at 735° (oven 778° to 780°). Under a 
short vapour column lead boils at 1140° to 1142° (oven 1226°) under 45 mm. of 
vapour at 1172° to 1173° (oven 1225°).-New Zealand Mining Enginee1'ing ami 
B"ildifng Joumal, Nov. 12, 1903. (C. D.) 

GASOMETRIC AND GRAVIMETRIC METHODS FOR DETERMINING AMMONIA.-Both 
methods depend upon the fact that ammonia, or its salts, form ammonium tri-iodate 
when treated with excess of iodic acid. This tri-iodate is insoluble in dilute alcohol, 
the equation showing its formation being NH4CI+3HI03=NH4.H2(I03b+HCl. 
By acting on ammonium tri-iodate with hydrazine sulphate, nitrogen is liberated 
according to the equation 2NH4.H2(IOab+9N2H4.H2S04=(NH4hS04+8H2S04+ 
6HI+18H20+9N2. The details of the gasometric method are as follows :-5 c.c. 
of a 20 per cent iodic acid solution are placed in a small Erlenmeyer flask, 10 c. c. of 
the ammonia solution containing not more than 0'014 grm. of ammonia, are added, 
and finally 25 c. c. of 95 per cent. alcohol. The flask is closed, well shaken, and 
allowed to stand for one hour. The crystalline precipitate is then collected on a 
small filter and washed with 95 per cent. alcohol until free from iodic acid. The 
filter and its contents are now pressed between blotting-paper to remove most of the 
alcohol, and then transferred to the evolution flask, of an apparatus where tbe treat
ment with hydrazine sulphate is carried out. 50 c.c. of a ~ per cent solution of the 
latter will be found sufficient. The volume of nitrogen liberated is read off and 
calculated to normal temperature and pressure. 1 C.c. of nitrogen at 0° C.,: and 
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760 m.m. pressure corresponds to 0'17 mgrm. of ammonia, or 1 mgrm. of nitrogen 
to 0'1351 mgrm. of ammonia. According to the gravimetric method, a quantity of 
iodic acid, corresponding to about 30 times the amount of ammonia to be deter
mined, is dissolved in 15 C.c. of water, the ammonia solution i. added and also 
30 c. c. of 95 per cent. alcohol. After shaking, the mixture is allowed to Rtand for 
two hours in a closed flask. The precipitate is then collected on a tarred filter, 
washed with 95 per cent. alcohol and dried in a desiccator over sulphuric acid. The 
weight of the prccipitate obtained is multiplied by the factor 0'0314 to give the 
(amount of ammonia in grams.-E. Riegler.-Zeits. anal. Chem., 1903,42,677-986. 
A. W.). 

h!PROVED METHOD FOR SEPARATION OF THE TOTAL ALKALms IN SOILs.-The 
author findR that in the method for this separation. outlined in the "Methods of 
Analysis of the Association of Official Agricultural Chemists," in which the iron, 
alumina, phosphorus, and magnesium are removed by barium hydroxide, and the 
barium and calcium by their group reagents, a remarkable persistency of barium in 
the residues, amounting to from 6'5 to 11 mgrm. Since the total weight of alkalies 
is often under 20 mgrm., considerable error would arise from the presence of so 
much barium. He proposes to removc this by adding ammonium sulphate before 
evaporating the solution of alkaline chlorides, filtering out the precipitated barium 
sulphate, and evaporating the filtrate to complete dryness and igniting. Afterwards 
he adds about 1 grm. of solid ammonia carbonate, and ignites again to break up any 
acid sulphates. Results of duplicate analyses are given, showing considerable con
cOl·dance. The author also claims that the sulphates of the alkalies do not present 
the difficulties of ignition found with chlorides.-J. H. Pettit, Jom·. Amel·. Chem. 
Soc., May 1903, pp. 496-7. (A. W.) 

hIPURITms IN CmIMERCIAL CYANIDE.-The author points out that when com
mercial potassium cyanide contains sulphides, it has been made from ammonium 
snlphocyanide obtained from coal gas.-H. A. Mather, Eng, "net .Min. Jow·., 1903, 
75 [15], 553. (A. W.) 

INTEHNATIONAL ATOMIC WEIGHTS, 1904 
0=16 H=l 

Aluminium Al 27'1 26'9 
Antimony Sb 120'2 119'3 
Argon A 39'9 39'6 
Arsenic As 75'0 74'4 
Barium Ba 137'4 136'4 
Bismuth Bi 208'5 206'9 
Boron . B 11 10'9 
Bromine. Br 79'96 79'36 
Cadmiunl Cd 112'4 111'6 
Crnsium Cs 132'9 131'9 
Calcium. Ca 40'1 39'8 
Carbon C 12'00 11'91 
Cerium . Ce 140'25 139'2 
Chlorine. CI 3"'45 35'18 
Chromium Cr 52'1 51'7 
Cobalt Co 59'0 58'56 
Columbium Cb 94 93'3 
Copper Cu 63'6 63'1 
Erbium. Er 166 164'8 
Fluorine. F 19 18'9 
Gadolinium Gd 156 155 
Gallium Ga 70 69'5 
Germanium Ge 72'5 71'9 
Glucinum G\ 9'1 9'03 
Gold Au 197'2 195'7 
Helium He 4 4 
Hydrogen H 1'008 1'000 
Indium In 114 113'1 
Iodine I 126'85 125'90 
Iridium 11' 19!-l'0 191'5 
Iron Fe 55'9 55'5 
Krypton Kr 81'8 81'2 
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Lanthanum 
Lead , 
Lithium, 
Magnesium 
Manganese 
Mercury, 
Molybdenum 
Neodymium 
Neon 
Nickel , 
Nitrogen, 
Osmium, 
Oxygen , 
Palladium 
Phosphorus 
Platinum 
Potassium 
Praseodymium 
Radium, 
Rhodium, 
Rubidium 
Ruthenium 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
Sodium , 
Strontium 
Sulphur, 
Tantalum 
Tellurium 
Terbium, 
Thallium, 
Thorium, 
Thulium, 
Tin 
Titanium 
Tungsten 
Uranium, 
Vanadium 
Xenon , 
Ytterbium 
yttrium, 
Zinc 
Zirconium 

Notz'ces and Abstracts 

-Jou1'nal oj the Chemical Society (London), January, 1904, 

La 138'9 
Pb 206'9 
Li 7'03 
Mg 24'36 
Mn 55'0 
Hg 200'0 
Mo 96'0 
Nd 143'0 
Ne 20 
Ni 58'7 
N 14'04 
Os 191 
o 16'00 
Pd 106'5 
P 31'0 
Pt 194'8 
K 39'15 
PI' 140'5 
Rd 225 
Rh 103'0 
Rb 85'4 
Ru 101'7 
Sm 150 
Sc 44'1 
Se 79'2 
iSi 28'4 
Ag 107'93 
Na 23'05 
Sr 87'6 
S 32'06 
Ta 183 
Te 127'6 
Tb 160 
Tl 204'1 
Th 232'5 
Tm 171 
Sn 119'0 
Ti 48'1 
W 184 
U 238'5 
V 51'2 
Xe 128 
Yb 173'0 
Yt 89'0 
Zn 65'4 
Zr 90'6 , 

137'9 
205'35 

6'98 
24'18 
54'6 

198'5 
95,3 

142'5 
19'9 
58'3 
13'93 

189'0 
15'88 

105'7 
30'77 

193'3 
38'86 

139'4 
223'3 
102'2 

84'8 
100'9 
148'9 
43'8 
78'6 
28'2 

107'12 
22'88 
86'9! 
31'83 

181'6 
126'6 
158'8 
202'6 
230'8 
169'7 
118'1 

47'7 
182'6 
236'7 
50'8 

127 
171'7 

88'3 
64'9 
89'9 

METHOD ~'OR THE DIRECT DETERMINATION OF ALUMINA IN METALLURGWAl. 
PRODOCTs,-The following modification of a method proposed many years ago by 
Wohler, based on the precipitation of alumina from a slightly acid solution by sulphur 
dioxide, is stated to be sufficiently accurate for technical purposes. The precipitate 
of aluminium and iron hydroxides obtained in the usual manner i" washed, dissolved 
in hydrochloric acid, the solution nearly neutralised with sodium carbonate, and 
sodium sulphate added till a precipitate begins to form, The precipitate is re-dis
solved in a slight excess of hydrochloric acid, and tbe solution boiled vigorously till 
all the sulphur dioxide is expelled, The precipitated alumina is stated to be compact 
and granular; it is filtered off, washed, re-dissolved in hydrochloric acid, and pre
cipitated again in the same lllanner as before, The precipitate is finally ignited' and 
weighed as alumina, The results are stated to be accurate within 0'3 per cent, 
Zinc, manganese, nickel and copper have no influence on the results, but the latter 
are affected by the presence of titanium, phosphorus, lead, arsenic and antimony,
C, E, Rueger,-En,qinee>'ing and Mining Jou1'nal. 1904, 77, 357, (A, W,) 
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Not£ces and Abstracts 70 9 
METHODS OF STANDARDISING PERMANGANATE OF POTASH AND THE USE OF THIS 

SUBSTANCE IN THE VOLUMETRIC ESTIMATIO" OF IRoN.-After reviewing the sub
stances most readily available as standards and preparing pure crystals of perman
gallate by recrystallisation, the authors give preference to ammonium oxalate, ferrous 
ammonium sulphate (granular) and oxalic acid. Stability trials were made with 
decinormal solutions of the first two, but were not satisfactory, whereas the purified 
permanganate was found to retain its strength well. 

When iron has to be reduced granulated pure zinc and sulphuric acid give the best 
results. 

In standardising with iron wire results are sometimes vitiated by small amounts of 
graphitic carbon and on other grounds is not considered a very accurate method. 
'1'he authors' findings are altogether contrary to those of Professor Crookes in his 
"Select Methods," who recommends iron wire and condemns ferrous ammonium 
sulphate. In the ensuing discussion the general opinion was that either ferrous 
ammonium sulphate or oxalic acid was the best standard.-W. M. Gardner, B. 
North and A. B. Naylor.-The JOU1'nal of the Societp of Che1nicctlIndustrp, June 30, 
1903, p. i31. (A. W.) 

NEW METHOD OF A"ALYSIS OF COMPLEX CYANIDEs.-The cyanides are decomposed 
by ammonium persulphate in slightly acid solution. Of potassium ferrocyallide, for 
cxample, about 0'5 grm. is dissolved in 50 c.c. of water containing 5 drops of dilute 
sulphuric acid (1 : 10); 30 C.c. of filtered 10 per cent. solution of ammonium per
sulphate are added, thE' beaker is covered with a clock-glass and heated on the water 
bath till the turbid liqllid has become clear again (ferricyanide is first formed and is 
then decomposed with precipitation of basic ferric sulphates, which dissolve in the 
sulphuric acid gradually formed by the decomposition of the persulphate). To the 
liquid 10 C.c. of strong hydrochloric acid are added and the heating continued for 
dome minutes (if a blue coloration indicates a little undecomposed ferrocyanide a few 
drops of persulphate solution are added to destroy it). The iron is now precipitated 
by ammonia; if the persulphate be free from fixed alkalis the potassium can be de
termined in the filtrate. Accurate results are obtained both with ferrocyanide and 
ferricyanides. In the case of Prussian blue, the substance is decomposed by heating 
with caustic soda solution, the ferric hydroxide filtered off and washed, 30 or 40 c.c. 
of ammonium persulphate solution are added to the filtrate, which is then acidified, 
heated and the iron precipitated as above. In this case both of the iron precipitates 
are contaminated by fixed alkali and must be re-dissolved and reprecipitated. The 
method is suitable for determining ferrocyanides in spent gas-purifiers; it has the 
advantage over Donath's method (this JO't1'nal, 1899, 519) that the long boiling with 
a strong alkaline liquid, which leads to the contamination of the iron precipitate with 
silica and alumina from the glass or porcelain vessels, is avoided. Other complex 
cyanides can similarly be decomposed by persulphate.-M. Dittrich and C. Hassel. 
Bel'. 1902, 36, [9], 1!!29-1932.-The JO""nal of the Society of Chemical Indus/j'Y, July 
31, 1903. 

NEW METHODS FOR THE DETECTION OF THIOCYANIC ACID.-Solera has proposed 
a method based on the fact that potassium thiocyanate liberates iodine from iodic 
acid. According to the author, the action proceeds according to the following 
equation :-

5KCNS + iHI03=5KHS04 + 5CNI + 12 + H 20 
In making the test, the solution containing the thiocyanic acid or its alkali salt is 
neutralised with caustic potash, evaporated on the water-bath, nearly to dryness, 
and 1-2 drops of the solution poured into about 10 drops of a c8ncentrated ayueom 
solution of iodic acid. 

The following tests may also be used for the detection of thiocyanogen com 
pounds :-

l. A small quantity of solid potassium thiocyanate treated with a drop of a!cohe 
containing a trace of cobalt nitrate gives a blue coloration. 

2. A small quantity of potassium thiocyanate, preferably solid, when treated witL 
a trace of ammonium molybdate, acidified with hydrochloric acid, and exposed to 
sulphuretted hydrogen, gives a violet coloration. 

3. The thiocyanate is treated with a trace of lead peroxide and a drop of acetic 
acid. The main reaction which occurs is represented by the equation :-

3Pb02 + KCNS + 5CH3COOH = PbS04 + C2H30 2K + 2Pb(C2H30 2l2 + HCN + 2H20 
The hydrocyanic acid formed can be detected by means of the Prussian blue 
reaction. 
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Notices and Abstracts 

4. Thiocyanates may be detected by the formation of sUlphuretted hydrogen on 
successive treatment with alkalis and acid. The reactions are as follows (1) or (2} 
"ccording to whether the first treatment is with alkali or with acid :-

(1) KCNS+KOH+H20=CO(OK)SK+NH.,; and CO(OH)SH=H2S+C02 
(2) HCNS+HCI+ H20=NH.CI+COS; and COS+H20=H2S+C02 

5. If to " small qu"ntity of the solid thiocyanate, 1·2 drops of" filtered solution of 
minium in "n aqueous 15 per cent. solution of tartaric acid be added, the mixture 
carefully evaporated to dryness, "lid the white residue treated with a drop of a 
concentrated solution of caustic potash, blackening is observed, owing to the forma· 
tion of lead sulphide. 

6. Potassium thiocyan"te gives with mercury cyanide a double compound which 
shows a characteristic crystalline form under the microscope.-D. Ganassini. 
Boll. Chim. Farm., 42, 417-423; Chem. Centr., 1903, 2 [7J, 466.-./oun",1 of the 
Society of Chernical Industry, Sept. 3P, 1903. (A. W.) 

NOTE ON THE VOLUMETRIC USE OF FEHLING'S SOLUTION (DETER:lIINATION OF SUGAR). 
-'l'he author has not found any of the described methods for observing the end 
point of titrations with Fehling's solution quite satisfactory. Good results can, how
ever, be obtained by a method suggested by A. A. Kelly, based upon the action of 
cupric salts in liberatin~ iodine from iodides. The indicator is prepared by boiling 
0'05 grm, of starch with a few c.c. of water, adding 10 grms. of potassium iodide and 
diluting to 100 C.c. ; the solution should be prepared as required. About 0'5 or 1 
c.c. is taken, acidified with about 5 or 10 drops of acetic "cid, and a drop or more 
of the liquid which is being titrated added. So long as unreduced (cupric) copper is 
present a more or less intense colour is produced, varying from red to blue. The 
indicator gives a distinct coloration with one drop of a 1 in 20,000 solution of copper 
sulphate.-E. F. Harrison, Brit. Pharm. Conf., Bristol, July, 1903, Pl""'lII. J., 1903, 
71 [3380J, 170. -The ./ou1'7!,,1 of the Society of Che11lical Indus/>'/f, September 15, 1903. 
(A.W.) . 

NOTES ON THE SEPARATION OF GOLD, SILVER AND PLATINUM. -As an aid to devis
ing some rapid and efficient method of analysis the following experiments were made, 
which largely spe"k for themselves :-

OSMlllIDIUM.-The separation of the osmiridium group from the noble metals does 
not present any special difficulty if little silver be presellt. The ore or black sand is 
fluxed in a crucible in suitable manner, and the lead button cupclled; the' resulting 
bead is rolled out and boiled with dilute sulphuric acid (1 to 10), letting the acid 
gradually grow stronger; then, after washing-, by boiling with nitric acid, again 
washing and dissolving in aqua regia, the osmiridium group alone remains, with 
perhaps a trace of silver chloride, which may be removed by solution in ammonia. 
The separation of gold, silver and platinum presents some difficulty, as the following 
experiments will show :-

SEPARATION OF PLATINUM FROM GOLD.-Alloys of the following composition were 
made by wrapping the metals in sheet lead and cupelling :-

Alloy. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

bIgrm •. 
100 
100 

1000 

100 
100 

1200 

100 
100 

1500 

100 
100 

2000 

100 
100 

5000 

Result. 
Cupelled, rolled and boiled in strong nitric acid, platinum 

did not part properly. 

Cupelled, and parted in strong nitric acid; resulting 
cornet weighed 113'5 mgrms., showing 13'5 mgrms. 
of platinum retained by cornet. Duplicate, same 
result. 

Cupelled, and parted in strong nitric acid; cornet 
weighed 113'5, showing 13'5 mgrms. of platinum 
retained by cornet. Duplicate, same result. 

Cupelled, and parted in strong nitric acid; cornet 
weighed 112'5 mgrms., showing 12'5 mgrms. of 
platinum retained by cornet. Duplic"te, same result. 

Cupellen, and parted in strong nitric acid; cornet weighed 
95 mgrms.,. showing that a loss had occurred. 
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N otz"ces a1ld A bst-racts 7 I I 

NOTE.-In the last experiment the platinum had not all parted out, giving a dull 
grey colour to the old cornet; the cornet was also partly hroken up, and the 
particles floated as a fine powder 011 the parting acid. A loss was occasioned' in this 
manner, and also perhaps hy the amount of nitrous oxide evolved in the solu.tion of 
the large amoullt of silver. 

As the foregoing experiments gave negative results as far as method of separation 
was concerned, a series of alloys were made, gradllally decreasing the proportion of 
platinum to gold. 

Alloy. 
Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

}Igrms. 
100 
20 

300 

100 
15 

400 

100 
10 

300 

100 
10 

500 

100 
5 

500 

Result. 
Cupelled, and parted first ill 210 B., and then in 320 B. 

nitric acid; resulting cornet weighed 102'7 mgrms., 
showiug 2'7 mgrms. of platinum left in cornet, 
Duplicate, same result. 

Cupelled, and parted twice in 320 B. nitric acid; resulting 
cornet weighed 101'2 mgrms. Duplicate weighed 
101'2 mgrms. 

Cu pelled, and parted in first 210 B., second in 320 B. 
nitric acid; resulting cornet weighed 100'2 mgrms. 
Duplicate weighed 100'4 mgrms. 

Cupelled, and parted first in 210 B., second in 320 B. 
nitric acid; resulting cornet weighed 100'2 mgrms. 
Duplicate, same result. 

Cupelled, and parted in first 210 B., second in 320 B. 
nitric acid; resulting cornet weighed 100 mgrms., 
showing that the platinum had all heen removed, 
except perhaps an unweighable trace. 

A number of experiments were made with the alloy, with the same result as that 
given. After finding that platinum would separate out with this low ratio of 
platinum to gold, a number of experiments were conducted to ascertain how a higher 
ratio would separate. One of these experiments gives ;-

Alloy. 
Gold. 
Platinum. 
Silver. 

Mgrms. 
100 

7 
400 

Result. 
Cupelled, and parted in first 21 0 B. second in 320 B. 

nitric acid; resulting cornet weighed 100'2 mgrms. 

With 10 mgrms. to the same amount of gold some of the platinum was left in the 
cornet, so that.7 per cent. of platinum to gold seems to be the highest· ratio that can 
be successfully parted. 

Four hundred mgrms. of added silver were found to part as successfully as 500 
mgrms., and at the same time to give a more compact cornet, not so liable to break 
up. 

Alloy. 
Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Mgrms. 
200 

14 
800 

300 
14 

900 

200 
10 

600 

Result. 
Cupelled. alld parted in 210 B. and 320 B. nitric acid; 

remlting cornet weighed 200'3 mgI1llS., showing 0'3 
mgrm. of platinum retained; cornet broke up in 
parting. Duplicate was parted in 210 B., still more 
diluted and did not break, and weighed 200'3 mgrms. 

Cupelled, aud parted in 210 B. and 320 B., nitric acid; 
resulting cornet weighed 300 mgrms. This would 
show that as a larger quantity of platinum has to be 
parted gold must be added in increasing ratio. 

Cupeiled, and parted in 210 B. and 320 B. nitric acid, 
resulting cornet weighed 200 mgrms. 

The action of mass seems to play a part in this separation, as 7 mgrms. of 
platinum, added to 100 mgrms. of go!d, parted successfully, but when. double the 
quautity of both metals was taken, as m the alloy of 14 mgrms. of platmum to 200 
mgrms. of gold the cornet did. not part; but by increasi~g the.gold to 300 m~rms. it 
did part. A number of expe,:ments wer~ then made With a view of separatmg the 
silver from alloys of gold, platmum and "Iver. The results were as follows ;-
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Alloy. 
Gold. 
Platinum 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum. 
Silver. 

Gold. 
Platinum, 
Siver. 

Mgnm. 

100 
100 
500 

100 
100 
500 

100 
5 

300 

100 
5 

300 

50 
5 

300 

25 
5 

300 
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Result. 
eupelled, and parted in strong sulphuric acid; resulting 

cornet weighed 204'7 mgrms., showing 4'7 mgrms. 
of silver left behind. Duplicate, same result. 

Oupelled, and parted in strong sulphuric acid; then in 
strong nitric acid; resulting cornet weighed 204 
mgrms. Duplicate weighed 200'6 mgrms. 

Cupelled, and parted in dilute sulphuric acid; resulting 
cornet weighed 105'5 mgrms. Duplicate weighed 
105'4 mgTms. 

Cupelled, and parted in dilute sulphuric acid; resulting 
cornet weighed 105'6 mgrms. Duplicate weighed 
105'2 mgrms. 

Oupelled, and parted in dilute sulphuric acid. washed 
and parted in strong nitric acid; resulting cornet 
weighed 55'3 mgrms. Duplicate weighed 55'2 
mgrms. 

Cupelled, and parted in dilute sulphuric acid, wa,hed 
and parted in strong nitric acid; res lilting cornet 
weighed 30'3 mgrms. Duplicate cornet weighed 
same. 

NOTE.-The last experiment showed 0'3 mgrm. of silver retained. or 0'1 per cent., 
which was the best result obtainable, while it is not entirely satisfactory; a close 
assay could probably be made by running through a proof alloy under similar condi
tions and deducting the surcharge of silver found from the regular assay. -By H. 
Carmichael.-Jon,."al of tlie Society of Chen,.;cul ind·/tst1'Y, No. 24, vol. xxii. p. 1324. 

ON THE ApPLICATION 01" THE X-RAYS TO THE EXA~IINATION OF" SAPETY FUZES."
The tenn "Safety Fuze," as defined in the ElOplosive Act, 1875 (0. in 0., No.1), 
means :-

" A fuze for blasting which burns and does not explode, and which does not con
tain its own means of ignition, and which is of such strength and construction and 
contains an explosive in sllch quantity that the burning of sucb fuze will not com
municate laterally witb other like fuzes." 

This definition has been officially adopted in Australia. 
The chief points to be noted in testing safety fuzes are therefore

Tbe rate of burning. 
Whether they explode while burning. 
Whether while burning they are capable of igniting a similar kind of fuze 

laterally. 
A fuze wbich burns too rapidly or too slowly or irregularly, 01: which explodes or 

eommunicates great heat laterally, is a dangerous fuze, in so far as either a premature 
or a delayed explosion of a charged core bore-hole may result therefrom, both being 
a fruitful source of accidents in mines. Tbe above faults are rarely noticed in the 
best brands of fuze, but are not at all unknown in the cheaper qualities, and it is 
part of tbe duty of an inspector under the Act to detect sucb defects, and to stop 
tbe sale of tbe fuze in the interest of the public security. 

The above-noted defects arise eitber from initial faults in the manufacture, such 
as tbe presence of foreign matter in the powder core, or the employment of an un
.uitable class of powder, or tbe occurrence of a break in the continuity of the powder 
core, etc. I etc., or fr(Hn climatic influences after manufacture, or a combination of all 
or any of these conditions. 

Although the ordinary method of examination may disclose a detect, the cause of 
SU9h defect is not always determinable with certainty. 

It occurred to me that an examinatIOn of fuzes by means of the X-rays might to 
some extent solve the difficulty. I accordingly made a number of experiments in 
this direction, the results of which are, I think, of sufficent interest to communicate 
to this Society. 

Passing a lengtb of fuze between a Crookes' tube and the luminous screen, I found 
that the powder column in the fuze is very sharply defined between a faint outline 
of the jute covering, and that even the cotton threads passing through the powder 
column are discernible. The slightest break or irregularity in the powder column 
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iVotz"ees and Abstracts 

ean thus be detected, and a considerable length of fuze can be examined in a few 
minutes without destroying or altering its original condition. 
. It is obviously equally possible to make a permanent record of any given 
examination by means of photography. 

The experiments were carried out in the laboratory of DrClendinnen, of IIIelbourne, 
whose kind assistance I take this opportunity of acknowledging. 

DrSCUSSIO); 

Prof. Hodgkinson said that the burning part in these fuzes was largely gunpowder, 
though not ordinary gunpowder; he had tried several experiments with cordite, 
which were failures. A slender filament of cordite burned very well, but it could 
easily he blown out, and it often went out at a place where it had been touched, so 
that such a fuze could,not be used naked. He had also tried it in glass tubes, but 
it generally went out. Using a thicker core of cordite it occasionally burnt con· 
tinuously, but the flame was weak, and sometimes went out after a short time. In 
ordinary cases the fuze was coated with jute, and then wrapped round with a water· 
proof material, and he thought that would have on cordite the same effect as a glass 
tube. 

Another objection to cordite was that the flame was much hotter than that of an 
ordinary gunpOWder fuze, and it would probably destroy the coating material, cven 
if in other respects it was satisfactory. 

Mr Walter F. Reid said that this discovery of IIIr Hake's was one of very great 
importance, for though it seemed a small matter in itself, many lives depended 
upon it. When a missfire occurred in mining operations through a break of continuity 
in the fnze, the first thing the workman did, in spite of all laws and regulations to 
the contrary, was to try and draw the shot, in order to save the explosive which he 
had put into the bore hole, and many lives were sacrificed annually from this cause. 
If a certainty existed beforehand that there was no break in the continuity of the 
thread of powder, one very prolific source of accident would be eliminated, They 
were, therefore, much indebted to IIIr Hake for having intl'Oduced the only test he 
knew of for such a break of continuity in the powder.-By C. Napier Hake, Chief 
Inspector of Explosives, lVlelbourne, Australia. Jonl'lwl oj the Society of Uhe>nical 
Industl·.'!, Nov. 30, 1903. 

PALLADIuM.-Pa.lladium is usually found associated with the rare metals rhodium, 
osmium, ruthenium, and iridium. It occurs associated with gold, and has been 
found in the placer mines of the Cariboo district, B. C. Some gold ores from Brazil 
eontain 5 per cent. to 10 per cent. of metallic palladium, which is obtained by fusing 
it together with silver and dissolving the granular alloy thus obtained in nitric acid, 
when the gold only remains. By addition of a solution of sodium chloride the silver 
is precipitated as chloride, which is removed by filtration. The palladium in the 
solution is then precipitated by means of cyanide of mercury in the form of a 
yellowish. white, gelatinous Sll bstance - palladinous cyanide. On hcating, this 
becomes a spongy, metallic palladium. This metal has the lowest melting point of 
any of the platinum group of metals, about 1500' C. It rescmbles platinum in 
eolour and lustre, and steel in hardness. It is more malleable than platinum, and is 
more readily welded. When polished it has a steel· like, whitish lustre, and does 
not· tarnish. Tincture of iodine will blacken the surface of palladium, but not of 
platinum. The metal, on account of its resistance to oxidation under ordinary 
atmospheric conditions, is uSNl in the manufacture of "hronometers and fine watches, 
.and also to some extent in the construction of balance bean,s of finc assay scales. 
Palladium may be detected, when present, by mixing a solution of sodium thio· 
sulphate with a small amount of ammonia and adding a drop of the solution of the 
are supposed to contain palladium, so as to colour the liquid pa.le lemon yellow. 
Boil and watch for changes in colour from wine· brown to black. Diluted with water 
it returns to the former colour, but remains clear.-.Mining and &ientific Press, 
August 8, 1903. (T. L. C.) 

POWER A);n N~TURE OF POLONIUM.-Polonium rays differ from radium rays 
inasmuch as they contain no cathode radiation. It has hitherto been assumed that 
polonium only emits canal rays-that is, positive ions suffering only slight deflection 
by a magnet and undergoing absorption easily; in other words, heavy particles of 
considerable momentum, but small free path. H. Bec~uerel has now discovered 
.another form of radiation of high penetrative power. Polonium appears, therefore, 
to possess two out of the three forms of radiation exhibited by radium and only 
lacks cathode rays. 
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At the session of the Chemical Congress held in Berlin on June 7th the question: 
arose as to whether polonium was a primary element or related to bismuth, but 
Professor Markwald demonstrated that it was a primary element. He exhibited a 
piece of metal weighing 0'1f> of a grain, which was produced from two tons of 
uranium at a cost of 75 dollars. It is more sparsely distributed in uranium than 
xenon, the most rarefied gas in the atmosphere. Professor Markwald proceeded to· 
give an exhibition of the powers of his speck of polonium. It intercepted a strong 
current of electricity passing through the air from the generator to the receiver, the 
air ceasing to be " conductor for the flashes. 'l'he room was then darkened and 
pieces of barium, platinum and zinc blende placed near the polonium glowed with a. 
bright, greenish light.--The A",,/mlian Mining Standard, July 30, 1903. (C. D.) 

PREClPITATlON OF CRYSTALLINE GOLD BY FORMALDEHYDE.-The author states that 
none of the reducing agents hitherto used separates gold in the crystalline condition, 
nor, contrary to the statement of Rose, does oxalic acid. Crystalline gold is, 
however, separated by formaldehyde, partially in the cold, and completely from 
strong acid solution in the warm. The end of the reaction is indicated by tho 
solution becoming colourless; its limit of sensitiveness heing 0'005 grm. of gold per' 
litre. The method is applicable in presence of ferric and ferrous salts, copper, 
antimony, mercury, zinc, lead, mangane"e, tin, arsenic, an,l metals of the first and 
second group., provided the 'solution be strongly acid. Metallic platinum is 
separated in a similar manner to gold, but the precipitation is much less rapid. 
The reaction is not quite so sensitive in the case of gold hromide solutions. 'fhe 
gold crystals precipitated are combinations of cubes and octahedra., rhombic dodeca
hedra, etc., of 0'2 to 0'3 mm. size and 19'431 sp. gr.-N. Averkieff, Zeits. aBorg. 
Chern. 35, 329 to 335, Chem. Centr., 1903, 2 [3J, 188.-JOl(""nl of the Society of 
Chemicalindus/)'Y, Sept. 15, 1903. (J. A. W.) 

PROPEHTIES OF ALUMINIUM.-The metal when heatcd to about 600' C. undergoes 
considerable modifications in structure, tenacity and hardness. It becomes granular 
and can be broken with ease, and' if the temperature be raised sufficiently high it 
can be completely crushed. In small quantities it can then be powdered in a 
mortar like zinc.-Albert Granger, Bull. Soc. Chern. (3) xxxvii. No. 15; Chem. 
lYe,,'s Ix xxvi. , 284. Abstract Eng. and 111 in. J ow'., Jan. 17, 1903. 

PUHE CYANIDE IN SILVEH PLATING.-Certain silver platers use only the purest 
potassium cyanide, claiming that an admixture of sodium cyanide is very injurious 
for plating purposes. Commercial cyanide gives an uneven deposit, causes local 
action, and silver is only thoroughly deposited on the work in the immediate vicinity 
of the anode. A similar fact is true in gold plating, the sodium cyanide causing 
a difficulty, soluble sodium aurous cyanide depositing on the anode. Tbe average 
commercial potassium cyanide contains about 20 per cent. sodium cyanide; some is 
almost entirely the sodium salt, while one specimen contained two-thirds sodium 
chloride. - Abstract from lJ1e/al Indus/)'Y, Jan. 1903. Jon,'. Am,,'. Client. Soc., 
May 1903, p. 221. (A. W.) 

RADIUM.-Sir Oliver Lodge has pointed out that" all the known properties of 
radium are consistent with the hypothesis that a rearrangement of parts is going on 
inside the atom, and that it is not a case of chemical action in the ordinary sense at 
all. There is no difficulty in accounting for the energy in this way." Investigations 
on the behaviour of the emanations from radium are being carried on by a large 
number of expert scientists. The advantage of the independent investigations thus 
being carried out, together with the mutual discussion of the results obtained, 
should do much to clear up the mysteries of these emanations and the peculiar 
properties of radium.-The Elec/riwl Enginee)', August 21,1903. (T. L. C.) 

RAPID METHOD OF DETERMINING SULPHUR IN COAL AND COKE. -This method is 
essentially a combination of Sundstrom's process of oxidation with sodium peroxide 
and of Andrews' volumetric method of determining sulphur. About 16 grms. of 
sodium peroxide and 0'7 grm. of coal (or 11'5 grms. of sodium peroxide and 0'7 
grm. of coke) are thoroughly mixed in the crucible by means of a spatula. 'I'he 
crucible is made of soft steel, nickle plated, and has a small hole (! in. diameter at 
top, and j', in. at the bottom) in the lid for the introduction of a hot wire. The 
thickness of the walls is ,', in., and the capacity of the crucible about 40 c. c. A 
suitable stand can be made from a sheet of aluminium. The covered crucible is 
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Notices and Abstracts 715 
placed on the stand in a 20-oz. beaker, containing sufficient watcr to reach about 
half way up the outside of the crucible, and the contents ignited by the introduction 
of a red-hot iron wire through the hole. After aboue three minutes the stand is 
removed, and the crucible turned over into the water and subsequently washed out 
and withdrawn. The solution is acidified with hydrochloric acid and boiled, then 
treated with ammonia in slight excess, vigorously boiled for a minute, and mixed 
with 15 C.c. of barium chromate solution (prepared by dissolving 23 grms. of pure 
barium chromate in a mixture of 80 c. c. of strong hydrochloric acid and 920 c. c. of 
water). The boiling solution.is then diluted to 200 c.c., a very slight excess of 
ammonia added, and the liquid again boiled for one or two minute.. The precipi
tated barium sulphate is then filtered off and washed twice with 20 to 30 c. c. of hot 
water. About 1 grm. of potassium iodide is added to the filtrate, which is then 

cooled to 30' C., and titrated with ~ sodium thiosulphate solution, the number of 

c.c. required multiplied by the factor 0'153 giving the required percentage of 
sulphur. The results obtained in more than 1000 determinations by this method 
has shown that it is accurate to within a few hundredths of a per cent., whilst two 
or three complete determinations can be made in an hour. Typical results obtained 
by this and by Eschka's method are given in the paper.-J. D. Pennock and D. A. 
Morton.-.Io",.",,1 Amerimn Che",;ml Society, 1903, 25, [12J, 1265-1269. (A. W.) 

SEPARATlON OF MINERALS FOR ANALYSIS.-" Sonstadt has devised a very in
genious and useful method of taking specific gravities of minerals, when a rough and 
ready method of discriminating between bodies of similar appearance but of ditferent· 
specific gravities is all that is needed. He takes a solution of potassium iodide 
saturated at a common temperature and dissolves it in as much iodide of merclITY 
as possible. It will then dissolve more potassium iodide, then more mercuric iodide, 
and so forth. 1'he iodides dissolve very slowly at the last, and as it is best not to 
accelerate the solution by the application of heat, considerable time must be allowed 
when a liquid of maximum strength is required. The solution, after filtering, is fit 
for use, and it Illay be obtained without danger of its crystallising above zero, of sp. 
gr. 3'085 at 12' C. This liquid is transparent, very mobile, filters easily, is of an 
amber colour, gives no precipitate on addition of water, and does not readily lose or 
gain water on long exposure to the atmosphere. The solution undergoes no per
ceptible chemical change by free exposur~ to the air for many months. It may be 
diluted to any extent, and then concentrated by heat without injury."-'· A Manual 
of Practical Assaying," by John Mitchell. (\Y. A. C.) 

SEPAHATlON OV ZINC FROM NICKEL BY HYDROGEN SULPHIDE IN A SOLUTION m' 
GALLlC ACID.-The solution of the two metals, preferably as sulphates, containing 
not more than 0'6 grm. of each is treated with sodium carbonate to the formation of 
a slight permanent precipitate which is redissolved by one drop of dilute sulphuric 
acid. The liquid is diluted to 300 c.c., 2 grms. of gallic acid in solution add~d and 
sulphuretted hydrogen I assed for 30 minutes, filtered, washed with cold water, 
ignited, and weighed as ZnS, with the ordinary precautions. 

The filtrate from the zinc is concentrated to 15 c.c., 30 c.c. of nitric acid added 
and boiled till it becomes dark green, after which it is mixed with 1 c.c. of sulphuric 
acid and .evaporated to dryness and ignited. The residue, boiled in water containing 
a little sulphuric acid, is filtered and washed. The filtrate is electrolysed after the 
addition of 10 c.c. ammoniulll hydroxide and 3 grms. ammonium oxalate dissolved in 
water, and the precipitated nickel dried and weighed. 

Iron, aluminium, and manganese are also completely .epamted, but a small pro
portion of cobalt is precipitated with the zinc. For the analysis of alloy., such as 
German silver, 1 grm. of the sample is treated with nitric acid, and evaporated to 
remove excess of the solvent, any tin oxide being filtered off. 'l'he filtrate is diluted 
to 300 c.c., 5 c.c. of hydrochloric acid added. and sulphnretted hydrogen passed 
through. The copper and lead precipitate is di'8olved and reprecipitated, and the 
filtrates evaporated to dryness with sulphuric acid. The residues of zinc and nickel 
sulphates are dissolved in water and treated as above. 

Small amounts of tin, lead, iron, aluminium, manganese, and cobalt are best 
determined on a fresh porlion of 5 grms. of the alloy. 

'rhe method can also be used in the determination of the small amount of nickel 
in commerciAl brasses using 7 grms. of the material.-E. A. Lewis, Analllst, 1903, 
28 [325],93-97. Abstract, '/0",.",,1 (if" Soc. Oiwm. Indnstl'!), May 15, 1903. (A. W.) 
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SILVER IN COMMEHUIAL POTASSIUM CYANIDE.-In a number of metallurgical experi
ments it appeared that the potassium cyanide used yielded distinct amounts of 
"ilver. Amongst others a "ample of cyanide sold under the mark" kalium cyanatum 
puriss. pro analy"i" was examined. Of this 44 grms. were melted under a cover of 
proof lead in a muffle, the bulk of the lead removed from the resultiug regulus and 
the residuc cupelled. A distinct silver button was obtained, which, after making 
eilowance for the amount of silver in the proof lead and the loss in refining, amounted 
to 12 grms. per ton. The silver content may have been derived from silver vessels 
used in the manufacture. - K. Friedrich, Zeits. '''''<7en·. Ghe",., 1903, 16 [32J, 776.
The Jonnwl of the Society Qf Chemical Indus/I'Y, September 15, 1903. (A. W.) 

TESTS FOR CYANIDE SOLUTIONS.-In the tests for regulating daily work at a 
cyanide plant, two of the most important features are (A) titration of cyanide and 
(B) titration of alkalinity. 

tAl Titmtion ,if Gyanide.-1 his is universally made by Liebig's well-known method, 
depending on the fact that when a solution of nitrate of silver is added, drop by 
drop, to the solution to be tested, each drop of the silver solution forms a white cloud 
of Hilver cyanide which disappears on agitation as long as the free cyanide is in excess, 
the reactions being as follows: 

(a) Ag NO"+KCN =Ag CN +KN03• 
(b) Ag UN +KCN=KAg (CNh. 

The completion of the reaction is shown by the permanence of a white turbidity or 
opalescence. As soon as the whole of the free cyanide has been converted into the 
double silver salt, a further drop of silver nitrate in excess gives a precipitate of 
silver cyanide which does not redissolve on agitation. 

(c) Ag N03+K Ag (CNJ.=2Ag CN +KN03, 

From these reactions it is evident that 169'55 parts of silver nitrate are equivalent 
to 130'0! parts of potassium cyanide. 

For testing dilute cyanide solutions, such as are commonly used at the present 
day, it will be convenient to prepare a solution containing 6'519 grm. silver nitrate 
dissolved to 1 litre. Every c.c. of this solution is equivalent to 0'005 grm. KCN. 

Hence, if we take 50 c.c. (a convenient quantity for dilute solutions) of the liquid 
to be tested, every c.c. of the standard silver nitrate added will represent 0'01 per 
cent. KCN. 

'1'he measured volume may be taken by means of a graduated column, or, more 
accurately, by a pipette. '1'0 avoid all risk of sucking liquid into the mouth, a short 
length of rubber tube may be attached to the upper end of the pipette. The test 
glass (generally a small conical flask) should be placed in a good light, and the re
action observed against a dark background. A board rubbed with charcoal answers 
the purpose very well. It is sometimes convenient to have the burette·stand raised 
80 that the test glass is about on a level with the eye. 

The only modification of this method which has been attempted to any extent in 
practice is the addition to the liquid to be tested of a small 4uantity of potassium 
iodide-generally a few drops of a concentrated solution. The addition of this indi
cator corrects the slight errors due to the presence of caustic alkalies, ammonia, 
alkaline carbonates, chlorides, ferrocyanides, thiocyanates, thiosulphates, and per
haps some other salts. When zinc is present the result of the titration is considerably 
modified by addit·ion of potassium iodide, as explained later. 

Liebig's method works admirably with pure cyanide solutions, but gives very 
uncertain and inaccurate results in ordinary working solutions, particularly in pre
sence of zinc. 'fhe end point is obscure and indefinite, and is largely affected by the 
degree of dilution, alkalinity, temperature, rate of titration, and other factors which 
do not admit of easy correction by the operator. Addition of potassium iodide in 
the ordinary way, or of ferrocyanide, as recommended by Bettel, do not remedy the 
difficulty to any appreciable extent. 

As, however, it is generally only necessary to obtain relative results, and a know
ledge of tbe real strength of the working solution in actual free potassium cyanide 
or its equivalent is not essential, the test may be retained with advantage if the 
following points be strictly observed: 

(1) All vessels in use, and more especially the flask in which the titration is made, 
m\lS~ be absolutely clean. The change which marks the finishing point is so faint 
that a very slight film on the glass makes its observation impossible. The flask should 
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be rinsed out at frequent intervals with dilute acid, and afterwards with clean 
water. 

(2) The test should be made always in precisely the same manner. For example, 
50 c.c. of the liquid to be tested are measured out with a pipettc, 5 C.c. of 1 per cent. 
neutral solution of potassium iodide added, and the mixture titrated with standard 
silver nitrate; no water should be added either before or during the titration. 

(3) Turbid solutions may be filtered before titration, but the addition of lime to 
clarify them is inadmissible, unless a determination of "total cyanide" is to be made. 
In this case the liquicl must be made strongly alkaline, best by adding caustic soda 
(with potassium iodide), after filtration with lime. 

(B) T,:tmtion ~f Alkalin,:ty.-Potassium cyanicle and other simple cyanides of the 
same class are alkaline to ordinary indicators. The whole of the alkali metal may 
be determined by titrating with standard acid, using methyl orange as indicator. 
With phenolphthalein the end-point is indefinite, owing to the action of hydrocyanic 
acid on this indicator. 

The double cyanide of zinc and potassium is likewise alkaline to methyl orange, hut 
is stated to be only partially so to phenolphthalein. 

For practical purposes, however, it is most important to know the alkalinity exclu
sive of cyanide, as it is this alkali which is chiefly of use in preventing the unnecessary 
waste of cyanide by reactions due to base metal compounds in the ore, and to the 
carbonic acid of the air. 

This may be done (accurately in absence of zinc) by adding silver nitrate till a 
slight turpidity is produced, adding phenolphthalein to this turbid solution, and 

titrating, without filtering, with W acid. This result indicates i:enerally the equiva-

lent of hydrates in term of ~ acid, equivalent of half the alkali metal in normal 

(mono) carbonate", in terms of fo acid. 

The reactions in a typical case are 

KOH + HNO,,=KN03 + H20 
K2COa+ HNO"=KHUO:)+KNO" 

Bicarbonates are neutral to phenolphthalein, and are, therefore, not determincd. 
As they have no protective influence they are rightly excluded in estimating alkali 
for the present purpose. 

When zinc is present the results are not accurate; as pointed out by Green, the 
amount of alkali shown is less than the truth, and the solution may even appear acid 
to phenolphthalein after addition of silver nitrate. Where relative results only are 
required, the method may probably still be used without practical inconvenience; 
but the simple modification suggested by Green may easily be applied; to add an 
exces" of a wlution of potassium ferrocyanide before adding the silver nitrate. 

The precise reactions occurring seem to be somewhat obscure, but the addition of 
ferrocyanide (in excess) to the zinc double cyanide appears to generate free potassium 
cyanide equivalent to the cyanogen contained in tile zinc compound, leaving the 
zinc in the form of a complex ferrocyanide of zinc and potassium. 'When no ferro
cyanide is added, however, the action of silver nitrate is to generate zinc nitrate acid 
to phenolphthalein, which wholly Or partially neutralises the alkali present. 

The alkalinity test may be conveniently made with the same portion of liquid 
which ha" previously served for the. cyanide titration, as it is of no consequence 
whether the ferrocyanide be added before or after the silver nitrate. It is better, 
however, to add the latter in the amount shown to be necessary for titrating" total 
cyanide," or slightly in excess of this amount. -Abstract from "Analytical Work 
in connect;ion with the Cyanide Process," Proceedings Insl. JJi1:nin,q "nd .MttaU"'YJI!, 
London, May 21, 1903.-J. E. Clennell. The EngineeTiny a"d 11lining Jon1'luil, 
June 27, 1903. (W. A. C.) 

THE ASSAY OP COPPER BULLION.-The author details a method for the deter
mination of gold and silver in copper bullion, the object being to find a method 
of univel'8al application. The essential feature of the method is the prcliminary 
amalgamation of the copper to be assayed, which is accomplished by the usc of 
a mercuric nitrate solution 1 : 20. Add 25 c.c, cold water to 1 A. T. of the sample, 
and then shake with 5 c.c. mercuric nitrate solution. Then dissolve in 200 c.c, 
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nitric acid containing 475 c.c. pure nitric acid to the litre. The action at first is 
slow. then becomes violent, then again 'slow, and is completed by heat. It is then 
diluted with 150 c. c. hot watcr and filtered. If oue or two small pieces of copper 
and mercury remain undissolved, thcy may bc disregarded, as they do not affect the 
results. The solution is now more or less milky iu appearance, in versely proportion
ate to the purity of the copper assayed. This is due to the formation of mercuric 
sulphide, which, by the actiou of the hot nitric acid, gives the insoluble double 
sulphide and nitrate of mercury, which is a perfect collector of the gold. It is then 
filtered and refiltered, and the beaker wiped with filter paper, and these are dusted 
with finely divided test lead and placed in a 2~-inch scorifier, the bottom of which is 
well covered with test lead. The filtrate contains the silver, which is precipitated 
with sodium chloride. The precipitate is collected, washed, sprinkled with test lead, 
and transferred to the scorifier containing the gold. The filter paper must be burnt 
very carcfully at first. The author gives tables, and states that his results by this 
method were very satisfactory, and asks assayers to give it a trial.-J. B. Swift, 
Rng. and .. Min . .lOll,.., Nov. 15, 1902. (J. A. W.) 

THE COLORnIETRIC ESTTMATTON OF GOLD IN CYANTDE SOLU'fION.-'rhere has been 
a need since thc advent of cyanidation for a quick and accurate method of estimat
ing the gold contained in cyanide solutions. The usual method, which consists in 
evaporating the solution down to dryness in a lcad basin or with litharge, is, to say 
the least of it, lengthy, cumbersomc, and cxpensive; the results, however, are 
accurate. Such great accuracy in ordinary operations is not always required. For 
example, in assaying the solutions from zinc ooxes an error of a few grains of gold 
per ton of solution is practically negligible, as the solution is used over again. 

It has long been a well-known fact that the" Purple of Cassius" test, which is so 
exceedingly valuable in chlorination works, is useless for cyanide solutions, as the 
purple coloration will not appear. The writer has discovered an easy and quick 
method of obviating this difficulty. It is found that if the cyanogen present be 
eliminated, as it rcadily can be by oxidation or other means, the purple colour will 
then form with just as grcat delicacy as if pure solution were employed. 

It occurred to the writer that potassium bromate, in conjunction with conccntrated 
sulphuric acid, would form the ideal oxidizing agent. About 50 C.c. of an ordinary 
working solution of cyanide, containing gold, is taken, a small amount of potassium 
bromate is added, and then concentrated sulphuric acid until all effervescence 
ceascs. The bromine in solution is then boiled off, and a fcw drops of hydrochloric 
acid and stannous chloride are added. The purple colour forms almost immediately 
on the addition of the stannous chloride. 

The following equation has been suggested as representing the oxidation :-

2KAu(CNh+6KBr03+4H2S0.j=4K2S0.+2AuBr3+4C02+2N2+4H20+302 

rt has been proved by the barium hydroxide test that carbon dioxide is evolved; 
this, however, is a matter of minor importance. 'rhe chief point to be noted is the 
entire elimination of the cyanogen by oxidation. 

'l'he results of this preliminary experiment having proved satisfactory, tests were 
next made to find out the delicacy of the reaction, and by careful manipulation 
1 grain of gold per ton of solution could be detected. A 15-grain tube of gold 
chloride manufactured and guarantced by Messrs Johnson & Sons was taken, and 
the contents were dissolved in a sufficient quantity of commercial cyanide solution, 
eo that it contained 10 ozs. of gold per ton. It has been found that the strength of 
the cyanide solution is immaterial. This solution gave an intense black precipitate 
with s~~nnous chloride after oxidation with bromate, while before oxidation no 
coloration could bc ob~~ined. Weaker solutions were then tried, and it was found 
that the purple colour could be readily detected without any special precautions 
when the solution con~~ined 4 dwts. of gold per ton, and, if held to a white back
ground, 1 dwt. is easily visible. Smaller quantities are best judged by comparison 
with a tube containing a similar volume of the original gold solution; 1 grain of gold 
per ton is distinctly visible by this mcans. Dr 'l'. K. Rose states I that 1 grain of 
gold in 6 tom of water, that is, one of gold in 100,000,000 parts of water, gives a 
distinct reaction; to work to such delicate quantities as this, however, requires the 
employment of several litres of solution, and this makes the oxidation troublesome. 
'l'hcrefore, solut.ions too weak to give a colour should first be concentrated by 
evaporation before the test is applied. If they be too concentrated they are best 
diluted, as a dark solution cannot be accurately judged. 

I .. Metallurgy of Gold," p. 7. 
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The following has been found to be the best method of employing the test :_ 
A measured quantity of the cyanide solution to be tested (about 10 C.c. is a con

venient 'luantity) is put into a boiling tube. About 0'5 of a gram of potassium 
bromate is next added, and then pure concentrated sulphuric acid gradually with 
-shaking, until the action starts; once started, it will go on without the f~rther 
addition of acid. When the action has ceased, add drop hy drop. preferably from 
a dropping-bottle, a saturated solution of stannous chloride (best prepared hy dis
solving metallic tin in hydrochloric acid), until the solution is just colourless. 'l'he 
purple colour will now form, and will be most intensc after standing for about half 
a minute. If left standing too long more bromine may bc frced, and this spoils the 
colour. There is no necessity to boil off the bromine before adding the stannous 
ehloride. It is quite possible to carry out. a complete test in two and a half 
minutes. 

Other methods of eliminating the cyanogen have been tried. Several oxidising 
agents other than bromate and sulphuric acid have been employed. 

Potassium bromate being a salt only to be found in well-stocked labora.tories, it 
was thought advisable to find some common substance which would act just as well. 
Potassium chlorate and hydrochloric acid act fairly well, but re'luire a large amount 
<>f boiling. Potassium chlorate and sulphuric acid have similar disadvantages. 
Aqua regia gives no colour at all ; the excess of acid cannot be got rid of without 
evaporating to dryness. The cyanide may bc expellcd by continued boiling with 
sulphuric acid if the percentage be small; the colour, however, does not show up 
readily. The following method of oxidation has been found to yield good results. 
To some of the cyanide solution to be tested potassium bromide is added and then a 
little sodium peroxide or potassium peroxide; bromide is freed; sulphuric acid is 
then added to the solution until neutral. If to the solution, thus oxidized, hydro
chloric acid and stannous chloride be added, the purple colour will form with great 
readiness. The process is, again, essentially one of oxidation, and can probably be 
represcnted as follows :-

KAu(CN)2+6K202+3KBr+8H2S0.j=AuBr3+8K2S0.+2C02+2N.+8H20 

'1'here is one other method by which the writer has found it possible to get rid of 
the cyanogen. If to the solution to be testcd about one-third of its bulk of concen
trated ammonia (sp. gr. 0'880) be added first, and then concentrated sulphuric acid 
until neutral, the solution will readily givc the" Purple of Cassius" reaction. 'rhis 
process cannot well be called one of oxidation: the ammonia probably forms suh
stances with the cyanide, which are totally eliminated by the sulphuric acid,l In all 
cases the reaction depends upon the decomposition of the cyanide of gold.-Henry 
R. Cassel.-Engineering and llIining J01wnal, October 31, 1903. ('1'. L. C.) 

THE CHEMICAL AND MECHANICAL Tl!STIlW OF PORTLAND C};~mNT.-The Cement 
Trade Section in the London Chamber of Commerce, in report issue<l in 1897, defined 
Portland cement to be a mixture of two or more suitable materials, intimately and 
artificially mixed in the requisite proportions, and afterwards properly calcined 
and "'round, to which nothing has been added during or after calcination, excepting 
that ~'1n addition not exceeding 2 per cent. of gypsum is permissible for the purpose 
{)f regulating the setting, That if any material wh"tever, excepting an amount not 
exceeding 2 per cent. of gypsum, be added to the Portland cement clinker during 
or after calcination, the l\l'ticle so produced shall not be sold as Portland cement, but 
under some other distinctive name, This definition is practically the same as that 
adopted by the German and Austrian Association of Portland Cement Makers. 
Made in the manner described, however, Portland cement is not a substance of 
definite chemical composition. According to Le Chatelier, the essential and valuable 
ingredients are tricalcium silicate and tricalcium aluminate, but associated with 
these compounds of definite chemical composition there are various impurities and 
the ultimate composition of samples of cement varies within the following limits :-

Lime, CaO . 
Iroll and alumina oxides 
Alkalis. . . 
Sulphuric anhydride, S03 
Silica 
Magnesia. 
Loss on ignition 

1 Fresenins," Quantitative Analysis," p. 8.'>. 

60 to 65 per cent. 
7 to 14 

Traces to 3 
Traces to 3 

20 to 26 
1 to 3 
3 to 5 
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A mixture of the pure.tricalcium silicate and tricalcium aluminate, 3CaOSiO, 3CaO 
A120 3, would have the percentage composition-

Lime, CaO 
Silica, Si02 
Alumina, AL,0a 

67'4 per cent. 
12'1 
20'5 

Messrs Newberry. of America, after a very careflll investigation, arrived at con
clusions somewhat different from Le Chatelier. Ther prepared from pure materials 
the tricalium silicate, and agreed with Le Chatelier that to this ingredient is due the 
hardening properties of cement, though it sets very slowly. A cement containing 
2~ molecules of lime to 1 of alumina, was not sound, but one containing 2 of lime 
and 1 of alumina set quickly, showed constant volume and soundness and good, 
hardening properties. A mixture of pure tricalcium silicate and dicalcillm 
alumina, 3C"OSi02AL20 3, 2CaO would have the percentage composition-

Lime, CaO 
Silica, Si02 
Alumina, AI20:; 

63'4 per cent. 
13'5 
23'1 

There is general agreement that in addition to a chemical analysis the specific 
gravity, fineness, time of set, tensile strength and soundness, is required to enable a 
reliable judgment to be passed on a cement, but it is in the method of carrying 
out the'e tests that chaos reigns. 'rhe determination of the specific gravity is 
simple. 

Fineness.-This test is one of great importance, and is included in most specifica
tions. 

Though coarse particles have a certain value, fine grinding largely increases the 
adhesive power of cement, because of its greater covering power and the possibility 
of using a relatively larger proportion of sand. In finely ground cement water 
attacks the free lime more readily and there is less liability to unsoundness. The 
cement is also made quicker setting but more thorough aeration will counteract 
this. There is no general agreement as to the sieves to be used in testing fOl' 
fineness. 

Soundness.-The tendency in cement to "blow" is attributed to the presence of 
uncombined lime, and no reliable method has yet been devi'ed of distinguishing the 
free from the uncombined. Fresenius attempting to measure it by an estimation of 
the alkalinity of water after being shaken with the cement, but the limits prescribed 
were abandoned after ,ome years' trial by the Association of German Manufacturers 
as valueless. 

The Deval te;t is probably worthy of more extended use in this country. After a 
long series of experiments, he conclunen that the cold tests were no criterion of 
soundness, but that good cement briquettes with one to three of sand ano immersed 
at 800 C. for two and seven days should be e~ual in strength to similar briquettes 
kept at the ordinary temperature for seven and t\\'ent.y-eig-ht days. A cement con
taining any appreciable quantity of free lime would not stand this test. It is claimed 
tbat the temperature used in the Faija apparatus at 1150 to 1200 F. imparts an 
artificial age to briquettes, and it would be int3resting and suggestive to know tbe 
results of tests of sand briquettes marie with various cements kept at 1200 F. for two 
and seven days with tbose tested in tbe usual way. 

Tensile StJ'engtlt.-\Vhile it is true that cement is used wbere resistance to com
pression is more important than resistance to tension, still, tbe tensile strength is the 
test most in favour. 'l'his probably arises from the fact that such tests are much 
more easily carried out by simple and inexpensive machines, and that the resistance 
to compression is approximately ten times that of the tensile strength. Of all the 
methods in use to ascertain the value of cement, the manner in which this is carried 
out is most unsatisfactory. Considerable latitude is permissible as to the percentage 
of water, and the manner iu which the briquettes are made, and two individuals 
using the same cement will often get greatly varying results, while a set of- six 
briquettes made together by the same person will vary IOU Ibs. in 500. 

'1.'0 eliminate all question of the personal element. I am strongly in favour of the 
Arnold system of making bri~uettes, and that standard rules be prescribed as to the 
method of carrying it out. Every cement and every briquette is then tested under 
precisely the same conditions. 
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As an example of the plan of working I give an extract taken from tbe laboratory 
notebook :- , , 

Number of Mould. I. 2. 3, 

I 
Weight of cement, taken in gms., pressed 

and kept in mould one hour. . 135'00 135'00 135'00 
Weight when taken from mould 156'70 156'70 156'70 
Water absorbed per cent. 16'07 16'07 16'07 
Weight when taken from water 159'20 1:,9'30 159'40 
Water absorbed per cent. . 17'90 18'00 18'10 
Tensile strength in Ibs., seventh day 487'00 487'00 470'00 

Briquettes made with the same cement gauged with 20 per cent. of water, broke 
at 381 Ibs. ; gauged with 18 per cent. of water, the average of three broke at 487 
Ibs.; guaged with 17 per cent. of water, which was the correct quantity, broke 
at 552 Ibs. 

With another quick-setting cement, three briquettes each were made as follows: 
Briquettes made by band-gauging and rammed witb the handle of the trowel, with 
ll2 per cent. of water, average result, 387 Ibs. 

Briquettes pressed in with thumbs, gauged with 2'2 per cent. of water, average 
249 Ibs. 

Briquettes made by Arnold method, water absorbed, 17 '6 per cent., 460, 459i, 
452; average, 454. 

A third cement, briquettes made bY,ramming gave an average test of 1110 Ibs" 
but thumb pressed only 905 Ibs. 

Where such discrepancies are possible and no indication is given in the specifica
tion as to how the briquettes are to be made, a uniform system of testing is much to 
be de.ired. In Germany the sand test is always. specified, and is much to be pre· 

'ferred to the neat test, which gives the cohesive power of the cement only, whereas 
the sand test indicates its adhesive or eementing value and also the presence of 
adulterants. 

There is, undoubtedly, a strong suspicion abroad that much cement adulterated 
with slag is sold, and that considerable quantities are put on the market with a large 
percentage of ragstone. 

The use of rag-stone is defended by certain manufacturers, who maintain that such 
addition increases the tensile strength, but it has been conclusively shown by the 
researches of Messrs Stanger and Blount (this Journal, 1897, p. 853), that ragstone 
is not a cementitious substance, and a sound cement is weakened by its addition, 
though unsound cement may be temporarily improved by its addition, Most users 
of cement accept this view and are desirous of some means wh:ereby the presence of 
an adulterant can be detected. Side by side with an analysis of cement is here 
placed the composition of the commoner adulterant :-

Silica . . . 
Iron and alumina oxides 
Lime . . . . 
Water and carbon dioxide 
Magnesia 
Specific gravity 

Portland 
Cement. 

20-26 
7-14 

60-65 
1-3 
1·3 

3'1-3'2 

Rag-stone. Hassock. 

4·10 
1'5-3 
46-50 
36-40 

0'5-1 
2'5-2'7 

62'6 
1'4 

16'3 
11'7 
0'5 
2'36 

Blast 
Furnace 

Slag. 

30-35 
30:35 
24-30 

Experiments have shown that admixture with such an adulterant materially reo 
duces the strength of the sand briquettes, but here also it is not possible to state 
absolutely whether any admixture is the cause, and, if so, to what extent.-G. H. 

2 z 
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Gemmel, F.I.C., F.C.S., Joul'nal of tile Society oj Chemical Industry, March 31, 
1904. (W. C.) 

'rHE ESTIMATION OP CYANATES.-Considerahle difficulty has attended the deter
mination of the amounts of cyanates in commercial cyanides. 'l'he author finds that 
"ilver cyanate is somewhat soluble in watcr, 100 c.c. at 12' C. dissolving 0'006 gm. 
of the salt; consequently, its precipitation with silver nitrate is by no means complete, 
Further, the separation of silver cyanate from the cyanide is by no means complete, 
since tl)e former salt dissolves in 5 per cent. nitric acid somewhat slowly, and, if 
heated, the acid dissolves some silver cyanide. He descdbes experiments on sodium 
cyanat<; giving errors of 3'5 per cent. too low. The sources of error become of greater 
importance when the quantity of cyanate is small in proportion to the cyanide, and 
in presence of hydroxides and other substanccs capable of giving silver salts soluble 
in nitric acid the method was found quite incapable of giving even approximate 
results. The method, based on decomposition of cyanic acid, HCNO + H20=NHs 
+ CO'l> was found to possess the advantage of heing applicable in presence of any 
of the substances occurring in cyanides. 'l'he accuracy was not great, but sufficient 
for practical purposes. The apparatus consisted of a 100 c. c. distilling flask, the 
Hide tube being bent upwards and connected with a "rod and disc" fractionating 
tube to prevent splashes or spray being carried over into the ordinary glass condenser. 
'l'he end of the condenser is connected with a bulb ndaptor reaching to the bottom 
of an Erlenmeyer flask with side tube connecting up with a bulbed U tu be. The flask 
is chArged with about 1 gm. of the cyanide dissolved in 50 C.c. ; hydrochloric or 
sulphuric acid is added hy a top funnel till the solution ill the flask shows acidity to 
methyl-orange (avoiding excess of acid), The Erlenmeyer and U tube contains dilute 
sodium hydrate and harium hydrate equivalent to about 0'2 gm, sodium hydrate. 
Excess makes it difficult to wash the BaCOs formed completely. The pressure during, 
distillation is kept slightly below that of the atmosphere, 30 to 40 c. c. being collected, 
and finally the apparatus is swept out with a slow current of carbon dioxide free air. 

N 
~l'he barium carbonate formed is filtered out, washed and titrated with 10 hydro-

chloric acid. The amount of carhonate originally present in the sample must be 
previously determined by precipitation in the cold with barium chloride, or the car
bonates may he removed from the cyanide solution before distillation. The hydro
cyanic acid passes over quantitatively along with the carbon dioxide and may be 
determined in the usual way in the filtrate from the barium carbonate. As a control 
the solution remaining' in the flask containing the whole of the ammonia product of the 

decomposition may be distilled with caustic soda and collected in Th hydrochloric 

acid. Should more ammonia be found than that corresponding with the carbon 
dioxide, nitrogenous substances other than cyanides and cyanates may be inferred. 
Carbonates would behave, if present during the distillation, in the same way as 
<lyanates.-Thomas Ewan, Ph. D,-Jow'ncd of the Societ.¥ of Che1nical Industry. 
March 15, 1904. (A. W.) 

THE MODERN BLAST FURNACE LABORATORY AND ITS WORK. (A general descrip
tion of the duties of the chemist attached to an ironworks).-The work of the blast 
furnace laboratory comprises analysis of raw materials and prod ucts, and analysis 
<londucted for furnace control. The problem of burdening a furnace is stated thus
Given ore, coke and limestone, in what proportions shall they be put into the furnace 
in order, 1st, to make iron, and 2nd, to make iron for a certain purpose 1 Hence it 
is necessary to have fnll analyses of all ingredients, especially when it is considered 
that it is now generally the practice to buy iron ores and cast iron on their chemical 
analysis, and some cast irons are more desirable than others for certain purposes. 
Besides these analyses, those of the slag and the furnace gases afford valuable 
indications 'of the work of the furnace. 

PIG IRoN.-Siluon.-Textor's chromic acid modification of Drown's method 
described in full. 

'1'0 1 grm. drillings in a No.4 casserolle add 15-20 c.c. water, then 25 c.c.of a 
mixture of 1 sulphuric acid (S.G. 1'84) 2 nitric acid (S.G. 1'2), heat over a small 
flame till action ceases, and evaporate rapidly over a naked hunsen. When 
evaporated sufficiently, the iron sulphate becomes insoluhle and is projected against 
the cover glass. Remove lamp, and while hot add 15 c.c. of solution of chromic 
acid (120 grms. to the litre), boil again until the chromic acid crystallises out. Add 
.slowly hot water until dissolved, boil and filter. Wash with hot water, then with 
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warm, dilute· hydrochloric acid, and lastly three or four times with hot water. 
Ignite and weigh. P,·eamtion. The evaporation with chromic acid must not be 
·carried too far, otherwise insoluble salts are formed, but continued long enough to 
oxidise the graphite. 

Snlpl""..-The iron is treated with dilute hydrochloric acid and the sulphuretted 
hydrogen collected in ammoniacal solution of cadmium chloride. The cadmium 
sulphicie is dissolved and titrated with standard iodine. 

Plwspho,."s.-Emmerton's method as given by Blair. 
11l"ng(tnese.-Volbard's method as given by Blair. 
Ompltile.- Do. method as given by Blair. 
Uombined C",·bon.-Eggertz's colour method. 
OREs.-l1fetallic 11'On.-Solution in hydrochloric acid, reduction with stannous 

chloride, and titration with potassium bichromate. 
Phospho,."s, 11f<mganese.-After solution in nitric acid and fusion of insoluble (if 

necessary) as in pig iron. 
Snlph",·.-The a~lI" "egi" method is used. Double evaporation is recommended 

to remove all insoluble residue, and after precipitation by barium chloride 
evaporation. to small bulk to remove acid and render barium sulphate completely 
insoluble. 

Silica, Lime and l1f"gnesia.-Ordinary method. 
Al"",ina.-Camp's method. 
Ti("ninm.-Gooch's process. 
'fhe author further appears to desire standard methods of analysis, standard pig 

irons and ores, anei gives a description of la.boratory buildings and fittings.-W. 
Dixon Craig, C"", Min. Re,·., Mareh, 1903, pp. 47-50. (A. W.) 

THE NEW RADIuM.-It is difficult to predict a great commercial future for a sub
stance which requires a ton of material in order to make it possible for one to extract 
a tenth of a gram of radium. Radium is obtained from pitchblende, and has been 
found in Bohemia, but, as it is said, a ton of pitchblende is needed to give the amount 
of radium mentioned, and its cost must be reckoned at about 30,000 francs a gram. 
Vanadade d'Urane also gives a little radium, about in the same proportion as can be 
obtaineci from pitchblende. The heating powcrs of radium are very great, but so 
far its industrial uses appear to be very limited, as at the present price cven the 
richest man could hardly hope to have his house heated with the aid of this new 
discovery. The substance has the remarkable property of continously emitting heat 
withont combustion. Half a pound of radium salt will evolve in one hour heat equal 
to that produced by the burning of one-third of a cubic foot of hydrogen gas, and 
this evolution of heat continues for indefinite periods, leaving thc salt at the end of 
months of activity just as potent as at the beginning. We have in radium a sub
stance having the power to gather up and convert into heat some form of ambient 
energy with which we are not yet conversant. A small tube containing radium, if 
kept in contact with the skin or even carried in the pockct for some hours, is 
capable of producing an open sore.-N"v ZC"/ftnd .lfining, Engineel"ing "nd 
Bnilding .Imm",l, July 9, 1903. (C. D.) 

'fHE PHEVE:>TION 01-' BUMPING.-A single glass capillary tube uscd according to 
the following directions will stop most cases of bumping that OeCur in ordinary 
laboratory work. A piece of glass tubing is drawn out until the internal diameter is 
about 0'5 to 1 m.m, A seal is then made by holding' the tube horizontally in the 
edge of a Bunsen flame until the walls have melted together. For most purposes 
this seal should be about 1 c.m. from the open end. The tube is then cut off at any 
desircd length and sealcd to prevent the entrance of liquid. The open end should 
rcst on the bottom of the vessel containing the liquid to be boiled, and in eases 
where liquids of high specific gravity are being boiled it is necessary to construct 
the tube of wider or thicker walled glass with only the c. m. of capillary below the 
seal in order to prevent the tube being throlVll off the bottom of thc flask. 'l'he 
upper portion may ~e be~t if desire? For liquids ~f low ?oiling l'?int or fr?thing 
liquids a narrow capIllary IS best, whIle for heavy hqUIds a w.'der one IS more SUItable. 
When boiling with a return condenser the seal of the capIllary must be below the 
smface. When the liquid is in a broad, thin layer it is better to have the capillary 
bent at the seal, so as to be nearly parallel to the bottom of the flask. It must never 
be allowed to become filled with liquid. The method has been used with great 
success in the saponification of esters and in boiling sulphuric acid in a test tube,-:-
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Hayward Scudder, Jo"mal of the American Chemical Society, XXV., No.2. Abstract 
Chemical Ne1vs, Nov. 13, 1903, p. 242. (A. W.) 

THE PROPERTIBS OP RADIUM.-The properties of radium continue to furnish 
scientists with an absorbing topic of interest: therefore, when Professor Curie, to 
whose researches, combined with those of his talented wife, its separation from 
pitchblende is due, lectured on his great discovery at the Royal Institution, London, 
a large and distinguished company assembled to do him honour, and to be further 
informed respecting his epoch-marking achievement. Among those present were 
Lord and Lady Kelvin, Lord Rayleigh, Sir William Crookes, Sir 01iver Lodge, and 
almo-t every other leading physicist in London. Madame Curie was also present, 
and was greeted with loud applause when she entered the lectlll;e theatre on the 
arm of the chairlllan, Sir William Crookes. 

Professor Curic. who spokc in French, commenced his lecture by a brief reference 
to the discovery by Professor Becl/uerel of the rays emitted by uranium salts 
and the subsequcnt investigations by himsclf, in conjunction with his wife and 
M. Laborde; but his lecture was more experimental than historical, some of the 
experiments shown for the first time being of extreme interest. He first 
demonstrated that radium is always at a higher temperature .than its 
surroundings, the excess being sufficient to melt its own weight of ice. This was 
done by notiug the difference in temperature between two small cylinders of equal 
size, one containing 7 decigramme; of radium and the other glass. The difference 
was 3 rieg. C.. Reference was then made to the photographic action of radium rays, 
and the different effects on screens of platino-cyanide of barium and the 
phosphorescent sulphide of zinc were shown; the former .glowed only when the 
radium was near it, while the latter only lost its glow gradually after the radium 
had been removed. A piece of radium was then lowered into a glass vessel 
containing liquid air, to show that its radiations persisted even at that temperature, 
the light emittel from the radium appearing equally bright whether the metal was 
in the liquid ail' or not. The purpose of the next experiment was to demonstrate 
the property of radium in discharging an electrified body. An electroscope was so 
arranged that an arc lamp threw the shadow of the gold leaves on the screen. 'rhe 
electroscope was then changed in the usual way and the leaves were seen to diver"·e. 
A tube of radium brought up to the electroscope at once discharged them, although 
there was no contact, ,he mere approach of the element to within a few inches of 
the instrument at once causiug the leaves to fall together. 

lifo Curie then proceeded to explain that there are three kinds of rays given off by 
radium, which he designated by the Greek characters Alpha, Beta and Gamma. 
The best method of discriminating between these three kinds of rays, he said, was 
to observe their behaviour in a magnetic field. By far the greater part of the rays 
'are deflected to the right by a magnetic field in circular paths, a right-handed 
deflection being that which the field would produce on a negatively-charged particle 
moving away from a tube of radium, These rays are called Beta rays. A much 
smaller portion, called Alpha rays, are deflected to the left by the same magnctic 
field, and a third kind of rays, called Gamma rays, do not suffer any detlection 
under the influence of a magnetic field, The Beta rays consist appareutly of 
exceedingly small bodies, of mass incomparably less than the mass of an atom of 
hydrogen, 'and bearing a negative electric charge. They have many properties in 
common with cathode rays. The Alpha rays, on the other hand, seem to be 
endowed with a much greater mass and are positively electrified. The third kind 
of ray, the Gamma ray, is similar in action to Rontgen 01' X rays. A proof that the 
majority of the rays given off by radium are negatively electrified was described. 
A small quantity of radium on one side of a condenser was allowed to cmit 
radiations, which impinged on the other side. The' first side became positi,-ely 
electrified and the second negatively electrified, thus showing that negative 
electricity had been transferred from the first side to the second, this change bcing 
easily shown on an electrometer. Not only are the rays gi,-en out of three classes, 
but tho Beta rays show a distinct variation among themselves. Some of these rays 
are much more deflected than others by a magnetic field, and if the rays after 
deflection by a magnet are allowed to impinge on a photographic plate it will show 
a complete sort of spectrum being affected through a large range. 'rhe velocity of 
the Beta rays have been investigated by the German physicist Kaufman, and he 
assigns to them a velocity eight-tenths of the velocity of light. 

By means of' the electroscope the lecturer was able to demonstrate to a large 
audience the detlection of the Beta rays by a magnetic field. The radium was 

'inserted in a lead tube, open at both ends, and placed between 'the poles of a power-
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ful electro-magnet. The radiations emitterl from the open end of the tube impinged 
on the plate of the electroscope placed as before, ;;0 that the shadow of the leaves 
was thrown on the screen. On charging the electroscope the radium_ radiations 
immediately began to discharge it at a rapid rate, but as soon as the magnetic field 
waB excitod the discharge of the electroscope ceased, to be resumerl again on 
switching .off the current from the magnet. This showed that the rays had becn 
detlected and no longer impinged on the disc of the electroscope. 

iii, Ourie then alluded to the discovery of Professor Crooke's, that if a small 
quantity of radium be held a short distance above a screen made of sulphide of zinc 
a number of small dots of light are Been to appear on the screen and disappear 
again. 'rhese are caused by small particles shot off frDm the substance which 
born bard the screen and give rise to a luminous point. The great interest of this 
experiment, said M. Curie, lies in the fact that in these points of light we have been 
able to' see for the first time the action of a single isolated particle. 

Having dealt with the rays given out by radinm, M. Curie stated that radium was 
not content with merely giving out rays. It gave out something which he called an 
emanation, and it was in connection with this mysterious emanation that his most 
striking experiments were made. The first experiment on this emanation showed 
that it was able to excite an induced radio· activity in any other substance. A piece 
of cardboard was enclosed in a tube and was connecterl by a tube with a bulb 
containing radium. The apparatus had been left for a day, and during that time 
some of the emanation had, so to speak, condensed on the cardboard and endowed 
it with the properties of the original substance. 'rhis cardboard, when brought 
near a charged electroscope, at once discharged it. A second experiment, 
illustrating this emanation, was next shown. The apparatus consisted of a small 
bulb containing radium, connected by a tube and stopcock with a large bulb 
c.ontaining sulphide of zinc, which bulb connected by another stopcock with a small 
bulb, also containing sulphide of zinc. The last-mentioned bulbs were both 
exhausted. The lights in the theatre were now switched off, and in 
complete darkness M. Curie opened the stopcock connecting the radium with the 
large bulb. The large bulb at once beg~m to phosphoresce. The emanation had 
passed over from one bulb to the other. He now opened the second stopcock and 
the bulb began to glow. 

Perhaps the most remarkable experiment was that in which M. Curie immersed 
the small bulb in liquid air and under the influence of the intense cold thus produced 
the emanation condensed in the small bulb. The condensation was allowed to con· 
tinue during the remainder of the lecture. At the end the stopcock was closed and 
the bulb allowed to regain its normal temperature and the sulphide of zinc was 
found to glow with a most brilliant green phosphorescent light. 'l'he condensation 
of the emanation at the temperature of liquid air was most extraordinary, and 
appears to differentiate entirely the emanation from the radium radiations. 

'rhe next experiment showed in a striking way the influence of radium on a spark 
gap. On the front of the table were arranged two spark gaps in parallel, through 
both of which a large coil sent streams of sparks. On bringing a bulb containing 
radium near one of the gaps its conductivity was so enormously increased that the 
spark at the other gap entirely ceased. This effect was most remarkable and took 
place whenever the radium was placed within a foot of either gap, and, moreover, 
it took place also when the mysterious substance was enveloped in a thick capsule of 
lead. M. Curie then briefly summarised SOme of the properties of this wonderful 
element. It produces ozone in its neighbourhood. It turns crystals of sulphate of 
potash a rose colour and chloride of sodium is turned blue by remaining in its 
vicinity. lIIoreover, glass vessels in which radium is kept turn a violet colour. It 
has most cur ions physiological effects. U hcld close to the skin for five minutes 
nothing is felt at the time, but ten days aftcrwards a sore develops, which takes a 
month to heal. If allowed to act on the brain it produces paralysis and wDuld, no 
doubt, in time produce death. Held near the eye in the dark it p' oduces a general 
sensation of light. 

The lecturer closed what" as an intensely interesting lecture by advancing two 
hypotheses as regards radium. It may be, he said, that atoms are in a state of 
evolution and that we see this going on in radium, or it may be that there are 
radiations in space of which we have no conception or cognisance and that radium is 
a substance with a power of capturing these radiations and converting thcm into 
a form of energy of which we are cunBcious. 

For the foregoing abstract of the lecture we are chiefiy indebted to our London 
contemporary, The .Mechanical En,qineel·.-The A1<s(mlian llHning Standard Aug. 
13, 1903. (C. D.) 
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Notices and Abstracts 

THE RUSTING m' InON.-The contention of Dun"tan (Proc. of the Royal Artillery 
Inst., 1899, No.5) that carbon dioxide is not essentially concerned in the process of 
rusting, and that this cbange is caused by hydrogen peroxide, is based on the 
Ohservation that solutions of chromium trioxide, potassium dichromate, potassiulll 
fel'rocyanide, sodium nitrite, and other sub"tances which decompose hydrogen 
peroxide, entirely or nearly entirely prevent rusting. The author finds that the 
retarding action exercised by these substances is due to the influence they exert on 
the absorption of carbon dioxide. For example, when exposed to the gas under' 
exactly the same conditions, water absorbed 99'6 volumes, whilst a 15 per cent. 
solution of chromium trioxide and a 20 per cent. solution of sodium nitrite absorbed 
4'2 volumes and 5'6 volumes respectively. A solution of cbromium trioxide-which 
itself does not attack iron-appears all the more to exert a protecting influence· 
because of the ease with which it dissolves ferric oxide. Iron, when placed under a 
1 per cent. solution of chromium trioxide exposed to ail', remains bright for some 
weeks, although the metal is slowly passing into solution. Eventually rust· 
commences to form on the metal, although thc solution still contains free chromic 
acid. 

When iron is exposed to water and oxygen previously freed as far as possible 
from carbon dioxide, the volume of oxygen remains practically unchanged: On 
admitting carbon dioxide, the volume of oxygen diminishes rapidly and rusting 
becomes visible. 

The. interaction of iron with aqueous carbonic acid appears to be strictly 
comparable with that occurring between iron and sulphuric acid. A solution of 
carbonic acid, formed by saturing 2'4 litres of water at 18° with carbon dioxide 
when left in contact with 500 grms. of clean iron turnings, yielded 636 c.c. of 
hydrogen in seven days. After remaining for one week, the solution contained 0'1 
per cent. of iron present as ferrous bicarbonate-a substance which is reaoily 
decomposed hy atmospheric oxygen, yielding a mixture of ferrous carbonate and 
ferric oxide, whilst a part of the carbonic acid is regenerated. On account of the 
ease with which this change takes place, it follows that in presence of oxygen a 
definite weight of carbonic acid will exert a greater corroding influence on iron than 
will its equivalent of sulphuric or hydrochloric acid. 

The author contends that the primary action in rusting involves the interaction of 
iron and acid, and that rust is formed by tho subsequent oxidation of ferrous salt.
G. '1'. Moody, Proc. Chem. Soc., 1903, 19 [268], 157.-Jou",al of the Society of 
Che1/L'ical Ind'"sl1',11> June 30,1903. (W. A. C.) 

THE VOLUMETRIC ESTDIATION m' CYANOGEN.-When the blue solution, produced 
by adding ammonia to a cupric salt, is added to potassium cyanide, the colour' 
disappears until a certain quantity of the coloured solution has been added; then it 
ceases to be' decolourised. On account of the intense colour, it seemed that it 
would mako a good standard solution for volumetrically determining the amount of 
cyanogen present in the presence of chlorides. 

The standard solution was made by dissolving 25 gms. of copper sulphate and 
pouring the solution into a litre flask, then adding distilled water till the flask was 
half filled; ammonia was then added till a clear blue liquid was produced; the 
liquid was then diluted up to the mark. The solution was standardised by weighing 
out 0'5 gm. chemically pure potassium cyanide, dissolving in 100 c.c. water and 
adding 5 C.c. of ammonia. The blue solution was then run in with constant stirring 
until the colour began to disappear slowly, and then drop by drop. The finish is 
very sharp, one drop being sufficient to tinge the solution a light blue colour, very 
conspicuous against a white tile. 

The following experiments were made to see if chloride had any action. Three 
beakers were marked respectively I., II., III. Into T. 1 gm. sodium chloride, 2 
gms. were added to II., 3 gms to III.; weighed quantities of cyanide were also 
added, and 100 c.c. water and 5 c.c. ammonia to each beaker. The result was as 
fo~lo'\1fs :-

No. 
I. 

II. 
Ill. 

KCN added. 

1'50 gm. 
0'98 gm. 
0'64 gm. 

KCN found. 

1'50 gm. 
0'98 gm. 
0'64 gm. 

~ his method is therefore as aceurate, as the silver assay and chlorides do not 
nterfere. It has the advantage over the silver method of not being acted on by 
ig-ht, and is much eheaper, a matter of some importance where many assays of 
yanides have to be done daily. It has also a poloured finish, which is preferable to 
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Notices and Abstracts 

turbidity in volumetric work. It will be useful in mining districts as a speedy and 
accurate method for determining the purity of the potassium cyanide used for the 
extraction of gold.-John McDowall.-Tllc Chemical News, May 13, 1904. (A. W.) 

TITRATION OF METALS BY MEANS OF IODIC ACID.-lodic acid gives insoluble precip
itates with the salts of certain of the heavy metals, and these precipitates, which are 
of a crystalline nature and can be readily filtered, may be employed for the indirect 
determination of the metals. The precipitating rpagent consists of a 2 per cent. 
solution of potassium iodate, purified by repeated filtration from the traces of barium 
iodate always present in the commercial salt. The value of the reagent is determined 
by mixing 5 c.c. of the solution in a glass-stoppered Erlenmeyer flask with 1 to 2 grms. 
of potassium iodide and 10 C.c. of dilute sulphuric acid, in presence of about 50 c.c. 
of water. After standing for about five minutes, the iodine liberated is titrated with 
N 
10 thiosulphate solution. For the determination of the metals an p.xcess of the iodate 

solution is added to the solution of metallic salt in the presence of acid, the mixture 
is allowed to remain for a sufficient length of time, then made up to a known volume, 
filtered, and the excess of iodate is titrated in an aliquot part of the filtrate. In the 
case of barium and lead, precipitation must be effected in presence of acetic acid, 
and any mineral acid should be removed by the addition of sodium acetate. 
Mercuric, mercurous and silver salts should be precipitated in presence of nitric 
acid. Conversely the method may be applied for the determination of iodates by 

N 
precipitation with standardised silver nitrate solution and titration with TIl thiocya-

nate solution.-E. Rupp, A,·eh. d",' Ph"rrn., 1903, 241 [6], 435-444.-Jou,.,,,,1 of tile 
Societ,y of CAemicalln<inslr!/, Oct. 15, 1903. (A. W.) 

UTILISATION m' FREE NITROGEN OF ATMOSPHERE.-Dr A. Frank recently read a. 
paper in Berlin on the industrial utilisatiou of free atmospherical nitrogen. There 
were 592,568 tons of Chili saltpetre imported into Germany alone in 1901. So 
enormous is the export trade from Chili that the end of the deposit is in sight, and 
chemists have taken a gloomy view of the world's wheat supply when the Chili beds _ 
are exhausted. 

The work being done by such men as Dr :Frank in Germany and Lovejoy ani I 
Bradley in America opens up great possibilities for the agriculture of the future. 
The scheme of the Amerieans is to oxidise the nitrogen of the atmosphere to nitric 
acid by means of large electrical contrivances, whereas Drs Frank and Caro, using 
the carbides obtained as well by electrical means, would convert the nitrogen derived 
from air into amides and cyano compounds, affording in turn the raw material for 
manufacturing ammoniacal salts, red prussiate of potash, etc. 

Siemens 3-nd Halske have, with the assistance of Dr Frank and others, installed a 
great trial plant. The results obtained led to the mallufacture of a novel, nitrogen 
manure, the so-called" lime nitrogen," being a nearly perfect equivalent for both 
saltpeter and sulphate of ammonia as to its effects as a manure and particularly 
suited to the soils of England and Germany. 

It is proposed to manufacture this new manUl'e On a 'big scale, it being held that 
the inexhaustible sources of nitrogen thus placed at the disposal of agriculture will 
make it independent of foreign markets.-l'he Elecl"ical Engine",', July 17, 1903. 
(T. L. C.) 

METALLURGY 

AERATION IN CYANIDE PROCESS.-"'here air is to be introduced under the charge 
of ore in a cyanide tank, the futility of placing the perforated pipes beneath the 
canvas filters of the false bottom has been proven. When this is done, the air 
invariably seeks outlet around the edges of the false bottom, bubbling up around the 
inner periphery of the tank. Where air is introduced through perforated pipes to 
supply oxygen to the charge, experiment has shown that if air is pumped in for 
twenty to thirty minutes every two hours, the result is as effective as if pumped in 
continuously. By arranging a system of valves along the pipe line running to the 
tanks, this may be cl,ntrolled. 'l'he result of following the above suggestions is that 
a smaller compressor may be employed and a larger number of tanks aerated by the 
intermittent system.-1I1ining and Scientific P"ess, March 19,1904. (T. L. C.) 
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Notices and Abstracts 

ALLOYS.-Professor Turner has pointed out that the object of alloying is to 
obtain properties which are different from those of the constituent metals, the usual 
res\llt being the production of a harder a.nd more fusible matprial. The most useful 
alloys are made from metals which have about the same density, and it is generally 
noticed that where the metals differ in atomic volume, no useful alloy can be pro
duced. The nature of alloys has only been understood quite recently. They were 
formerly regarded as examples of chemical combination, and their composition was 
expressed in chemical formula. Modern research has shown that alloys follow the 
law,s which govern other mixtures, but orgauic and inorganic, and a study of their 
constitution has been approached by means of the theory of solution and by aid of the 
pyrometer and the microscope. The pyrometer has shown that pure metals behave 
like other pure substances when solidifying, and that alloys behave like solutions, 
either of a simple character, such as common salt and water, or of a more complex 
character, such as ferricchloride and water. The microscope has also enabled the 
metallurgist to distinguish between cases in which the alloy possessed a uniform 
strucure throughout, and instanccs in which distinct compounds separated out, either 
at the moment of solidification or during subsequent cooling. In the brass series three 
separate classes of alloys are now distinguished by means of the microscope. Those 
containing at least 65 per cent. of copper showed characteristic needles, rich in copper. 
The intermediate alloys, including Muntz's metal, had a close grained structure. 
'l'he lower members of the series, containing a larger proportion of zinc, have a dis
tinct massive, crystalline structure.--Science and .,b·t (if Mining, March, 12th 1904. 
(T. L. C.) 

ALLOYS USED FOl\ STEEL MAKING.-The following alloys are now manufactured 
in large quantities and added directly to molten steel and thoroughly incorporated, 
thereby endowing the resulting product with ncw properties which fit them for 
special purposes :-Ferro-nickel, ferro-chrome, ferro-cobalt, ferro-chrome nickel, 
ferro-tungsten nickel, ferro-tungsten, ferro-phosphorus, ferro-molybdenum, moly
bdenum-nickel, ferro-titanium, ferro-vanadium, ferro-boron, ferro-manganese, ferro
uranium, ferro-aluminium, ferro-sodium, ferru-silicon, copper-si1icon. 

Nickel steel is used for the construction of the largest gun tubes, armour plates, 
steamship shafts. A nother kind containing 30 per cent. nickel serves for the con
struction of geodetic bases and chronometric apparatus. 

Chromium steel is used for armour plates and projectiles by Krupp, being very 
4ard and elastic; also for stamp heads in gold milling', for safes, vaults and jail work. 
Ferro-chrome itself is produced in the electric furnace by heating chromite with 
carbon and the alloy thus obtained contains iO per cent. Cr.-Dr J. Ohly, .Mines and 
Ninemls, Oct., 1903. (J. A. W.) 

A MECHANICAL A)IALGAMATOR.-An invention to save fine and float gold has been 
patented by llIr E. K. Cooper, in Australia and New Zealand, which is a.pplicable to 
any ordinary battery. The principle is to catch the gold held in suspension as 
quickly as possible after it leaves the stamper box. This is done by suspending a 
roller in the table ripple. The roller is kept in slow motion by a pulley connected 
with the cam shaft. By this means all the pulp coming from the stamper-box 
passes under the roller which is fitted into the table ripple, containing sufficient quick
silver to amalgamate the free gold in suspension. The quicksilver is always iu a 
statu of agitation, and the baser minerals by the action of the roller are swept away 
and a clean sUliace of quicksilver is continuously kept ready to absorb the gold com
pelled to amalgamate as it comes in contact with it. The roller properly adjusted 
causes no splash, and the amalgam accumulated in the ripple cannot be removed 
unle·s the battery manager removes the roller when cleaning up his tables. 

The cost of the adjustment of the roller is merely nominal, as also is the power 
required to keep it in motion. 

There are a large ,.er cent. of gold mining propositions containing gold in ". very 
fine state of division amenable to amalgamation under favourable conditions, which 
will readily adopt this process in lieu of the cyanide process so costly to adopt, and 
applicable only to large proven quantities of payable material. The economical 
features of Mr Cooper's roller appears to supply a means of saving gold which must, 
under ordinary conditions, be carried out of the battery and practically lost. 

The inventor claims that in treating ore at the Thames, N.Z., worth 1 oz. of gold 
to the load, he saved 10 per cent. of his table amalgam in the ripple by the aid of the 
roller. The ore contained a good percentage of antimony, and was, consequently, 
difficult to treat.-JlIining JOUTlwl, Rail1Ca?/ and Commercial Gazetle, Jan. 23, 1904. 
(T. L. C.) 
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. AMMONIA-CYANIDE PROCESS OF THEATING COPPER, NlCKEL, OR ZINC ORES CON
TAINING PHKCIOUS METALS.-A proces< of treating refractory sulphur, tellurium, and 
arsenical ores containing copper, zinc, nickel, gold, and silver, consisting: in firE-t 
roasting such ores at a low, red heat to transform the metals so transformable into 
sulphates, arsenate;, or tellurates; then oxidising rcducing compounds by very dilute 
ammonia; and subsequently extracting tbe metals with an ammoniacal cyanide 
solution containing an excess of cupric oxide or hydroxidc over and above that 
necessary to form metallic cyanide double salts.-Davirl M oshcr, San Francisco, 
Cal., U.S.A.; Patent 730,835. The Nnginee,.inga.nd .MinillgJou,."al, June 20, 1903. 
(W.A.C.) 

AHe FURNACE FOR EXTHACTING ZINU.-A patent has been issued for the distillation 
of zinc from its ores, especially from zinc lead ores, by means of an electric furnace 
in which the radiant heat is used from an arc placed over the material to be melted. 
The l'ulverised ore is introduced at one end of the longitudimd furnace chamber, so 
as to form a pile or stack sloping towards the othcr end of thc furnace, where the 
ore is provided by means of two opposite carbons passing through the walls. By the 
action of the radiant heat upon the sloping surface of the pile the non-volatile in
gredients of the ore mect and How down thc slope into a basin just below the arc, 
from which they are removcd through an outlet. As this n.eeting and running down 
takes place, new surfaces of the stock are constantly cxposed to thc heat radiation. 
Simultaneously with this ol'eration the metal ,·apourd mixed with the generated 
gases escape from the sloping surface and pass out of the chamber through an outlet 
above the ore. These vapours are then condensed by any suitable means. If the 
pulverised zinc ore has not been prcviously roasted, it is preferably mixed with iron 
ore while the ingredients are dry, the whole being afterwards moistened, if required. 
The object is to eliminate the sulphur in the non·roasted zinc ore, in which the zinc 
occurs as sulphide of zinc.-Elect,.ical Enginee,., October 9, 1903. (T. L. C.). 

A STUDY OF ALLOYS SUITABLE FOR BEARING PUHPosEs.-After pointing out the 
uncertainty which still exists as to the .composition of the alloy best suited for 
journal brasses and the multiplicity of formulrn which have been recommended, the 
author proceeds to a gcneral discussion of the essential characteristics of such alloys 
suitable more especially for railway journal bearings. A .uccessfnl bearing alloy 
must consist of at least two structural constituents, viz., a hard constituent to 
SUl'flOrt the load and a soft constituent to act as a plastic support for thc harder 
grams. If the bearings were always in perfect adjustment to the jourmd a hard, 
unyiel<ting alloy would give the best results, since, generally speaking, the harder 
the alloy the lower the co-efficient of friction; but, owing to the imperfection of the 
surfaces which have to be dealt with in practice, it is found that a hard, unyielding 
.alloy, which cannot mould itself to the irregularities of the journal, causes a concen
tration of pressure upon a few high spots, with thc result that rapid heating and 
abrasion occur, leading to hot boxes and rapid wear and tear. On the other hand, 
soft metal bearings are apt to cause unduly ral'id wear of thc journals, though 
whether this is due to the imbedding of grit in the bearing surface, with conse'luent 
formation of the lap, or to the fact that the metal itself has a dragging natnre, the 
author is not prepared to say. Excessive collar wear of journals is, however, un
doubtedly caused by the lead lining of bmESes lapping out of the fillits. 

Of the white metal alloys, the cheapest which can be used is composed of lead and 
antimony. These met"ls alloy in all proportions, but the mixture which alone is 
free from segregation is the eutectic mixturc, composed, approximately, of 87 per 
·cent. of lead an,] 13 per cent. of antimony. 'l.'his mixture has been adopted by the 
Pennsylvania Railroad for lining up brasses. Experiments prove that lead is the 
best wear-resisting metal known, and that, with increasing antimony and increasing 
hardness and brittleness, the wear becomes more marked, owing to the breaking off 
of the harder particles. 'rhe addition of tin to the lead-antimony alloy imparts 
rigidity and hardness without increasing bl'ittleness, and is desirable when high 
pressures have to be carried, though it increases the cost. Babbit metal-composed 
of tin, 89'1, ltntimony, 7·4, and copper, 3·7-which is still rcgarded as the standard 
of excellence, is the mo,t expensive of all white metals and in the majority of cases 
Dlight be replaced by cheaper alloys. The addition of lead in small proportion to 
this alloy renders it superior in every way. 'rhe alloy finally adopted was composed 
of copper 64 per cent., tin 5 per cent., lead 30 pcr cent. and nickel 1 per cent., and 
is known as "elastic brol1ze." Nearly four million ponnds of it have been success
fully made during the past three years in castings weighing from a fraction of a 
pound to over 1000 Ibs. It is handled as readily in the foundry as any of the 
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common alloys; castings are sharp and clean and are readily machined. "-G. H. 
Clarner, J. Franklin Institute, 1903. 156. 49·77.-The .lmwnal of tile Society of 
ChemiC<lllndusI.·y, No. 15, vol. xxii., August 15,1903. (W. A. C.) 

BAG-FILTEHING SYSTEMs.-Bag houses are arrangemcnts for the filtration of solid 
matter from gases. The fume from many smelting furnaces consists of metal (lead 
or zinc, for example) which has been reduced, volatilisecl and re-oxidised, the fine 
particles of the resulting oxide floating in the gaseous current and being exkemely 
difficult to scparate by any system of gravity-settling, or even by scrubbing the gas. 
The alternative is to pass the gas throngh a porous medium, like woollcn or cotton 
cloth, which will catch the floating fume. In this way a very complete filtration can 
be effected. The idea was originally put into practice by Samuel 'l'. Jones, in 1850, 
at one of the zinc works in ~ew Jer,ey, and it was developed to a high degree of 
perfection in the manufacture of zinc whitc before it was applied to other bmnches 
of metallurgy. In connection with the latter a good deal of mystery has been 
thrown around the process, which, howcvcr, is essentially the same as practised by 
the makers of zinc white and incapable of any broad protection by letters patent. 

In almost all modifications of thc system the filtering medium is arranged in 
the form of tubes of cloth, commonly called bags, about ]8 ins. in diameter and 
30 ft. in length, suspended vertically in groups, and to the number requisite to afford 
the necessary filtering surface. 'rhe gas and fume from the furnaces are passed 
into bags, which, being closed at one end, compel the gas to find egress through the 
cloth, while the fume is retained on the inside, falling either to the hot tom or 
adhering to the sides, whence it is dislodged by periodical shakings. The gas may 
be introduced either through overhcad maim, from the nipples of which the bags 
are suspended (as is the common practice in the zinc works) ; or the gas may be 
introduced at the lower ends of the bags, the closed, upper ends heing supported 
from the roof of tbe building (as is the common practice among lead smelters). 

The rcquisites for successful bag-filtration are cooling of the gas safely below the 
ignition teml erature of the bags and absence of any corrosivc substance in th6 gas 
wbich would destroy the bags. 'fhe bags must be arranged in groups, which can be 
cut off from each other, so as to afford access to them, and there must be sufficient 
area of clotb. It is advisable to design the bag house so that additional sections can 
be added easily if required. 'l'he cooling of the gas is effeded by passing it through 
iron pipes of .ufficient surface to enable the surface heat to be radiated and the 
movement of the gas is effected by fan blowers of suitable size. 

The gaseous products from zinc-white furnaces, lead-smelting blast furnaces and 
the reverberatory furnaces used for softening and refining pig lead are successfully 
filtered through bags. Thc gaseous products from ore-roasting furnaces cannot be 
successfully filtered because of the inevitable presencc of sulphur trioxide, which 
quickly destroys the bags. The gas from Scotch hearths can be filtered, however, 
because it is by the nature of the process frce from sulphur trioxide, and sulphur 
dioxide alone is harmlcss. Besides the filtration of fume, bags have been used suc
cessfully for the recovery of the dust arising in fine-crushing gold and silver mills, 
for which purpose the insta.llation is naturally a good deal more simple than for the 
handling of the hot gas from a furnaee.-The Enginee .. ':ng and jlNning .10",",,«1, 
Oct. 17, 1904. (W. A. C.) 

B.\LL MILLS 1:e .. s"s GRAVITY STAMPS.-In a description of the Ferraris ball mill, 
which is specially designed for wct crushing, it is suggested it will be a useful device 
for the amalgamation of gold ores. As compared with stamps, the ball mill is a far 
more economica.! crushing machine. This is shown by the results of tests reported in 
1891. 

A 5-stamp battery with a stamp weight of 1165 Ibs., falling 6k ins., 92 drops per 
minute, crushed approximately, 1720 Ibs. of hard quartz per hour through a 40-mesh 
screen, requiring 12!! h. p. 

A No.3 Krupp ball mill crushing wet with 900 Ibs. of special steel balls, passed 2650 
lbs. of the same quartz through the same screen per hour, using only 9 h. p. Of the 
material crushed by the stamps, only 6'5 per cent. was retained on a 60-mesh sieve, 
while in the case of the ball mill 32'6 per cent. would not go through the same screen. 

Of the product of the stamps 36'5 per cent. was fine enough to pass through a 150-
mesh sieve, as compared with 33'8 per cent. of the ball mill product.-Engineering 
and Alining .loumal, Nov. 28,1903 (G. A.) 

BAUXITE IN THE MANUFACTURE OF FIREBRICK.-The best variety of bauxite for the 
manufacture of firebrick for blast furnaces is said to be one approximating in com-
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position to natural clay, with a slight preponderance of alumina to raise the fusing 
point, and so retard combination of the silica and alumina. If, however, the propor· 
tion of alumina be excessive, the product is brittle, shrinks unduly, and is suscep
tible to the action of acid slags. A sample of bauxite containing 49 per cent. of 
alumina, 28 per cent. of silica and 18 per cent. of water, has been favourably 
reported on by Seger and Cramer, who state that the tendency to shrink is almost 
counteracted by the appreciable quantity of silica present, and that the substance 
belongs to the highest class of fireproof materials. It is less affected by strongly 
basic slags than are tbe best basic firebricks, and though attacked by slags of 
analogous composition, the resultant superficial vitrification forms a protecting layer, 
which advances as the outer portion is gradually fused away in the blast furnace, 
and therefore prolongs the life of the lining. The fusing point is No. 37 Seger cone, 
and after the first baking the bricks retain their volume. On the other hand, a 
bauxite richer in alumina, and poorer in silica is preferable for tire bdck exposed to 
the action of basic slags and high dry heat, e.g., forced.draught furnaces, coal·dust 
firing, steam-raising on torpedo boats, etc. A typical specimen of this clsss con
tained 21'2 per cent. of silica, 74'78 per cent. of alumina, and 3'83 per cent. of iron 
oxide. This fused at Seger cone No. 39, ceased to shrink after the first baking, and 
resisted the attack. of highly basic slags. Wben bauxite is used as an adjunct in 
firebrick, it s[,ould first be fired at a high temperature, then finely ground and 
intimately mixed with the clay bind before the fireclay is added. 'rhis is the only 
way in which tbe added alumina can be caused to discharge its true function of in
crcasing the fusing point of the mass, adding the bauxite in g-ranules merely 
resulting in the gradual disintcgration of the whole.-Tlwnind.-Zeit., 1903, 27. [140J, 
2132-2134. (W. A. C.) 

BLAST FURNACE GASEs.-The Iron and Steel Institute of Great Britain has 
re·published tbe admirable report of Bunsen and Playfair, made to the British 
Association at Cambridge, in 1845, on "'rhe Gas Evolved from Iron Furnaces with 
Reference to the Theory of the Smelting of Iron." The report and preparatory 
statement runs to 76 pp., and thc Secretary of the Institnte, :Mr Brough, in his con
cise note to the papcr, makes the following interesti ng remarks :-

"In a paper read before the West of Scotland Iron and Steel Institute, on 
January 24, 1902, on the recovery of by-pro duets from blast furnace gases, :Mr R. 
Hamilton referred to the process originally proposed by Bunscn and Playfair, and 
suggested that as their classic paper, supposed to be well known, is practically 
buried in the report of the British Association for the Advancement of Science for 
1845, it woultl be a useful service to metallurgy to reprint it. The suggestion met 
with the warm approval of the Council of thc West of Scotland Society and the 
Council of the I ron and Sleellnstitute, who were approached in their behalf by Ilir 
Walter Dixon in the matter, readily consentcd to co-operate in the work. 

"For many yems past it has been the practice of the Iron and Steel Institute to 
re-publish from time to time rare and interesting papers relating to the history and 
manufacture of iron and steel. 'l'hus the Institute published in 18,2 a reprint of 
Dudley's ':Mettallum :Martis' of 1665; in 1886 a reprint of Dr Hobert Sterling's 
specification of January 21, 1817, describing his caloric engine, and Showing that he 
had a clear conception of thc regenerative principle; in 1887 a reprint of a pamphlet 
of 1754 on the case of the importation of bar iron from our own colonies of North 
America; and in 1894 a reprint of Furness and Ashworth's report on Huntsman's 
cast steel, originally issued in 1792. Bunsen and Playfair's paper would, it was 
thought, form a fitting addition to this series. 

"Hunsen's investigation of the blast furnace gascs at Veckerhagen in 1838 con
stituted one of the greatest advances in the whole domain of metaI1Ul"/lY. It is one 
of the triumphs of modern chemistry that, by tbe careful analysis of the gases at 
various levels in the blast furnace, the whole action of the process in its various 
stages has been rendered evident. Tbi, analysis was due to Robel·t Bunsen, the 
celebrated chemist, tbe discoverer of "peclmm analysis, wbo for this investigation 
alone merits to have his name handed down to posterhyas one whose work has 
earned for him the very first rank among chewists of the nineteenth century. The 
first report on the Veckerhagen experiments was published in Poggendorf's 
, Annalen' in 1839. In this memoir, however, the composition of the gases was 
erroneously calculated, and the corrected ut:mbers were given in the British 
Association report. 'l'his was published in 1845, and contains the resuit of the 
investigations made by Bunsen and Play fair at the Alfreton furnace in Derbyshire. 
The authors begin with some very fine preliminary work on the analysis of gases, 
and give analyses of the gases ta ken from various depths of the furnace, tbeir first 
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samples having Leen taken on June 14, 1844. 'l'he! propose a method for utilising 
the ammonia. They found cyanogen as a blast furnace product and made experi
ment. to explain its origin. They also arrived at the remarkable conclusion that in 
the fnrnaces of Alfreton not less than 81·5 per cent. of the fuel was lost in the form 
of combustible gases still fit for use, and that only 18·5 per cent. of the fuel was 
,·ealised in carrying out the processes in the furnace. 'l'hese figures, doubtless, need 
revision, but it mnst be acknowledged that it was a remarkable statement to make 
fifty-seven years ago. "-The A "s/ml-ian l~H"i"g Standard. July 23,1903. (C. D.) 

CARBON ALLOYS.-In the metallurgical division the solidifying points and cooling 
curves of a series of 15 pure iron carbon alloys have been determined, platinum, 
platinum-iriclium and platinum platinum-rhodium thermojunctions being used. The 
alloys were prepared in the form of ingots weighing about 4 Ibs. each, which were 
satisfactorily homogeneous in composition. The percentages of sulphur and silicon 
did not increase during the time needed for melting. The range of carbon was from 
0·15 to 3'55 per cent., and the range of temperature from 15020 C. to 11110 C. 'l'he 
alloys will also be examined by means of the apparatus for taking cooling cnrves by 
tho difforential method.-National Physical Laboratory, Half-Yearly Report ending 
June 30, 190a. (W. C.) 

CARBORUNDlnr.-A new and interesting use has been discovered for carborundum, 
which has already found large employment as a substitute for emery. Capable of 
preparation only in a powerful electric furnace, where silica and carbon are fused 
together in presence of sawdust and common salt, carborundum is highly refractory; 
and it has been observed that a thin layer of the same substance applied to·any other 
material of which furnaces are usually constructed protects it from the heat and 
renders it almost equally refractory. Finely powdered carborundum is made up into 
a paste wjth water-glass, -i.e., sodium silicate or some similar binding substance, and 
the paste is applied by means of a brush or otherwise to the bricks which are intended 
to be used for building a fllrnace, or those bricks are actually immersed in the viscid 
liquicl for a certain time. If t he furnace has already been built the paste can be 
painted on to the exposed surfaces, giving one or more coats as may be desired. It 
is stated that a layer 2 mm. thick will protect the bricks from thc attack of the 
highest temperature which is ever produced by combustion methods in ordinary 
work. Examination of the bricks in such a furnace has shown that they had not 
suffered in the least. The skin or carborundum does not chip off and is hard 
enough to resist mechanical injury.-The Austmiian lVining Standard, July 30, 1903. 
(n. D.) 

CAUSES m' GOLD MILL LOSSES.-When it is learned, through the medium of assays 
of tailings, that there is a high percentage of loss in milling gold ores, the first step 
to be taken to correct such loss i. by locating the form in which such loss occur •. 
Loss of gold may occur in anyone of a number of ways, or in several ways, a little 
being lost iu each stage of the operation after crushing. It may be that the mercury 
is fiouring and carrying away gold; gold already amalgamated and attached to out
side plates may be scoured off, and if not caught on the concentrators is lost, or the 
loss may be in imperfect concentration. Still another cause of loss, and one not 
generally suspected, is in the fact that golden particles remain in un crushed grains 
of the gangue. In other words, the crushing is too coarse. . 

Amalgamation on copper plates or silver-plated copper plates is a metallurgical 
process that has long been in successfulnse, and it is one well adapter! to the treat
ment of a wide range of gold-bearing ores, if the mill man thoroughly understands 
his business. " Hule of thumb" methods in a gold mill are not prolific of the best 
results. A mill man may have learned by experience, or through instruction, how 
to treat the ore of a certain mine with a fair degree of success, but at another mine 
his practice would, perhaps, fail to accomplish satisfactory results. It is not an 
uncommon thing to find the ore at a mine change materially with increasing depth. 
The Homestake Mines of South Dakota form a good example of this fact. In the 
early history of the mine the ore was an oxidized, highly ferruginous quartzose rock 
with semi-schistose to massive structure. The rock was a typical free-milling ore, 
and no attempt further than straight amalgamation inside the batteries and out was 
made to save the gold. 'l'here was always a certain loss, however, which was 
detected by tailings assays. It was found that quick,ilver and amalgam escaped, 
presumably scoured off the plates. To check this loss, mercury traps were placed in 
the mill. The mills ran from 1877 to '78 to about 1886 without these traps. In a 
singlo month in the Homestake mill, at that time containing 80 stamps, 80 ounces 
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Notices- and Abstracts 733 
of amalgam and 144 ounces of quicksilver were saved in the inside traps,and in the 
outside traps 10 to 12 ounces of amalgam and 40 ounCes of quicksilver, This saving 
represented a value of about $520, or about $0'065 per ton, a tritling amount in 
itself, hut when it is considered that at that time the company operated 580 stamps 
and if a proportional amount were .aved in each mill, it would have amounted to 
nearly $45,000 per annum. So far as known, no authoritative statement as to the 
total amount thus saved has ever been made public. 

Prior to the introduction of the mercury traps the only attempt made to save 
values escaping in the tailings wa;; that of running tbe tailings over long lines of 
narrow inclined planes, the tloor of which was covered with full width Brussels 
carpet. These caught a htrge percentage of the sulphurets which had appeared in 
the ore with depth, and also a great quantity of low-grade sand. The sulphurets 
were stated to be worth ahout $25 per ton. 

Since then many cbanges have taken place in the milling methods. Nearly all 
the ore treated now is unoxidised. Amalgamation is still practised. Sizing and 
classifying devices are employed and the tailings are cyanided in two classes-the 
sand and the slimcs. The present practice was fully described in the Minin.1J (lnd 
Scientific P1'e88 in the issues of October 3 and 10, 1903. 

The above is cited as an illustration of the career of many mines. In Arizona 
many veins contain free milling gold ore in the oxidized zone. At depth the 
sulpnides of copper, iron and lead appear, and in some districts veins which show 
no trace of zinc in the upper portions of the~veins, produce the sulphide of that metal 
is abundance in greater depth. It is usually the last sulphide to appear. This change 
in the character of the Ore usually necessitates a radico.l change of milling methods. 

In many mining regions where the ores are considered free milling, where 
amalgamation is practised, and concentrators are in use, not over 85 per cent. to 
90 per cent, of the values are saved, and the cyanide process is employed to extract 
additional value from the tailings. In some of these mills, it is no doubt a fact that 
an increased saving could be made by finer crushing, and by sizing and classifying 
the pulp from the amalgamating plates before attempting concentration. 

The most common cause of loss of value in gold mills are: Direct loss of gold 
amalgam or quicksilver, due to either scouring or flouring of the mercury; gold em
bedded in the grains of the gangue not crushed sufficiently to free the gold and 
render it susceptible to amalgamation; gold imbedded in sulphllrets; gold in slimes, 
and gold in a condition which renders it impossible of amalgamation on copper plates 
-as in the case of gold covered with a film of silica, iron oxide, or other impenetrable 
substance, or gold alloyed with other minerals, as is the case with some telluride ores. 

The only way in which gold remaining imbedded in grains of gangue can be caught 
is by finer crushing or grindilJg. Gold which is imbedded in particles of sulphide 
ore which may escape amalgamation should be caught on concentrators if the devices 
are of proper kind and the man in charge understands the adjustment of the machincs. 
Gold in slimes which cannot be amalgamated offers a difficult problem to. the mill man. 
and the only remedy is to lower the discharga of the battery, add more water alld 
use every endeavour to facilitate the discharge of the pulp from the mortars as svon 
as possible after being reduced in size to pass the apertures of the screen, but when 
this is attempted a loss may be caused by incomplete amalgamation. It is the theory 
of the high. slow-drop as practised in the Gilpin county, Colo., mill that with high 
discharge the mercury is thoroughly mingled with the pulp and a more complete 
amalgamation resuits, which is doubtless the case. In a mill where losses occur in 
the slimes, however, the cyanide process is thus far the best solution of the problem 
that has as yet been offered. \Vhere the particles of gold are covered with a film of 
any sort which is impervious to the action of the mercury then attrition is usually 
beneficial. and this is accomplished by crushing in one of the many forms of rotary 
grinding mills or in an arrastra. 

\Vhen the gold is not susceptible to amalgamation, as in certain telluricle ores, 
it mnst be treated by some other method than amalgamation. for even roasting 
does not render all the gold subject to amalgamation. 'The ores of the Cripple 
Creek, Colo., district. and those of the Cambrian beds of the BiackHills, are of this 
class, and in these districts as well as those of We, tern Australia the various wet pro
cesses of chlorination and cyanidation find their most satisfactory application. 
Some of these ores are previously treated by amalgamation, the tailings being 
treated by a wet process. 

If there are losses in amalgamation the tailings assay will detect it, but the testing 
of tailings by fire assay will not 109ate the character of the loss, nor the particular 
place where it occurs. To arrive at the definite knowledge of this sort it is necessary 
to make a .thorough and systematic series of tests. 
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734 Notices and Abstracts 

A sample of tailings should be carefully panned to determine whether it contains 
free gold, amalgam or quicksilver. Finding either of these, a change must at once 
be made in the method of amalgamation. When samples no longer show gold, amal
gam or mercury, a sample should then be screened through two sizes of screen-say 
60 and 100 mesh. This will result in giving three sizes of pulp-that which remains 
on a 60 (supposing the mill screen to be a 30 or 40 mesh), that which remains on the 
100, and that which passes the 100 screen. Separate assays should be made of the 
three products of screening. Should the coarsest particles contain the highest values, 
finer crushing will probably reduce the loss if the values contained justify it. If this 
coarse material contains sulphurets, sizing and classifying may result in increasing 
the saving on the concentrators and finer crushing may not have to be rcsorted to. 
This can usually be determined by grinding the coarse sand in an iron mortar with 
mercury. If the gold be in a free state after the removal of the quicksilver and 
amalgam, an assay of tailings from this operation will show a decrease in values in 
the sample. 

Should the several samples of screened pulp show no great variation in value, it is 
douhtful if finer crushing is advisable, as it will diminish capacity without increasing 
the saving. 

In case the fines contain the highest values a coarser screen in the battery may be 
tried. This will increase capacity and may not materially increase the loss. Should 
the percentage of loss increase with coarser crushing, then cyaniding of the slimes 
may be resorted to_ Sometimes a change of screen-from slotted screens to woven 
wire, or needle punched, or vice versa, is advisable. In fact, a series of experiments 
must be made to locate and stop the loss of values_ 

In the average gold ore a system of concentration after amalgamation is necessary, 
and the result is tisually satisfactory. In some districts the concentrates are too low 
in grade to permit their being shipped at a pront. In such case they may be treated 
at the mine by chlorination or cyanide. Sometimes the former is considered not 
justified by the amount of sulphurets produced. In such case they may be stacked 
and accumulated until a sufficient quantity is on hand to justify the erection of works. 
Attempts have been and are now being made at various mines to cyanide sulphides 
direct. Thus far fair success has attended these efforts on very fine material such as 
that collected on canvas plants, but the results from the direct treatment of concen
trates from the machines has not always proved satisfactory. When this is the case 
grinding may be resorted to with good results. 

Generally speaking, if the amalgamators and concentrator men in stamp mills 
understand their business thoroughly, the canvas plltnt will have a limited field of 
usefulness.-Nining and 8cient~fic P1'eS8, December 5th, 1903. (S. H. P.) 

OHLORINE SMELTING WITH ELECTROLYSIs.-The author of this paper is a joint 
holder of a patent with Mr E. A. A.hcroft, who described the method of reduction 
in a paper read before the Institute of Mining and lVIetallurgy (see" Transactions of 
the Institute of lVlining and liletallurgy, 1901). The process is there called the 
Phcenix process, but Mr Swinburne gives it the name given above. In effect it is a 
cyclic method of treating simple or complex sulphide ores which, although at present 
harely beyond the experimental stage, yet must appeal to chemists and metallurgists 
as being of great interest and possible value. 

'I'he leading principles are :-
1. The displacement of sulphur by means of chlorine gas in the dry way and 

recovery of the.former. 
2. Solution of the mixed chlorides and removal of gangue silver and lead 

chlorides. 
3. The substitution of zinc for all othcr metals and recovery of same. 
4. The evaporation and fusing to get neutral zinc chloride. 
5. The electrolysis of the fused chloride and the collection of the chlorine gas 

produced for use in the first process. 
In the first stage the crnshed ore is run into a transformer somewhat similar to 

a bla.gt furnace, containing a starting charge of fused chlorides and chlorine fed into 
the bottom by a carbon tube. The heat of reaction is sufficient to maintain the 
temperature, and the sulphur is displaced and condensed in a chamber. From time 
to time the fused chlorides are tapped off and a fresh charge fed in at the top. The 
rate of feeding ore and chlorine is varied to regulate the temperature. Below 
certain temperatures (600' C.) chloride of sulphur tends to form, and if the rate of 
running is increased, the chlorides may distil over with the sulphnr. 

The treatment of the chlorides varies with the nature of the ore. In Broken Hill 
slimes, for instance, lead, zinc, iron, manganese, copper, and silver, with gangue 
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Notices and Abstracts 735 
may be present in the fused mass. It is in this case run in to water and through a 
filter press when cool enough, removing ganglle lead and silver chloride. The silver 
is extracted by the fusion of this product with lead, tapping off the lead bullion and 
fusing again with zinc, which goes to the electrolytic vats, giving metallic lead and 
anhydrous zinc chloride. The filtrate from the press still contains a little silver and 
lead, which are displaced by spongy copper, whilst the copper is itself removed by 
zinc. 'rhe liquid is now chlorinrtted to raise the iron to the ferric condition, and 
zinc oxide added which precipitates ferric hydroxide. Afterwards more zinc oxide 
and chlorine are added, and manganese separated as peroxide, leaving only zinc 
chloride. The solution is evaporated and fused. Some oxychloride is formed which 
would rapidly attack thc expensive carbon anodes used in the subsequent stage, but 
can be readily treated in open preliminary cells using cheaper anodes with the 
production of the neutral salt. The electrolytic vats are internally heated by the 
current, the cathodes being fused zinc. Thc resulting chlorine gas is dried and 
pumped back to the transformer. 

The weak point in the process appears to be that it is not entirely self-supporting, 
some chlorine being lost, necessitating a generation of the gas in some way. 

The author represents the cost of treating such an ore as at Broken Hill at 30s. a 
ton, inclusive of the cost of the extra chlorine. 

In the paper by 1\Ir Ashcroft in the" Transactions of the Institute of Mining and 
Metallurgy," a number of plates are given showing the plant for the different stages 
of the process, while Mr Swinburne goes rather fully into estimates and treats the 
subject more from the financial point of view.-James Swinburne.-The Electro
Chemist and 11felaillll'giBt, Aug. 1903. (A. W.) 

CHI.ORINE S~mLTING WITH ELECTltOLYSIS.-Sulphide. ores are heated with 
chlorine so as to displace all the sulphur and absorb all the chlorine. The resultant 
chlorides are electro lysed to get the metal and rccovcr the chlorine. 

For example, suppose galena i. to be smelted. 'l'he galena is treated with hot 
chlorine, so as to form lead chloride and sulphur. 'rhe Rulphur is condcnsed and 
the lead chloride is electrolysed in the fused state, giving lead and chlorine. If 
silver and gold are present the fused chloride of lead is heated with metallic lead, 
'l'his replaces any gold or silver, and the precious metals alloy with the remaining 
lead. This process recovers all the lead, all the silver and gold, and nearly all the 
sulphur. 

\Vith a mixture of sulphides of lead, zinc and iron with some silver, such as the 
Broken Hill slimcs, hot treatment with chlorine converts the whole of the metals 
into chlorides. The silver is extracted by substitution of lead, the lead by 
substitution of zinc, iron as ferric oxide, zinc oxide being used as substitute, and 
the gangue is got out by filtration. Nothing is then left but zinc chloride, which is 
fused and electrolysed.-Paper by James Swinburne, Vice-President, before the 
Faraday Society. (G. A.) 

COATED GOLD.-In milling gold ores and cemented gold bearing gravel, the mill 
man is often greatly troubled by the occurrence of gold which does not yield readily 
to amalgamation, although the gold can be readily detected in a ground sample 
washed in a pan, and this gold will usually amalgamate, too, which makes the 
problem still more perplexing. Thc reason can be found in a careful examination 
of the flakes or particles of gold which have been freed from the matrix by pounding, 
but not rubbing or grinding. The gold is seen covered with a film of iron rust, 
manganese, or some other substance. Often the gold is bright but will not amal
gamate. In such cases the eoating is probably silica. If such gold be treated in 
hydrofluoric acid the silica will be dissolved and the gold will readily amalgamate. 
Placer miners are familiar with the black and rusty gold of the gravel beds. Coarse 
gold of this description is easily saved, but the smaller particles sometimes escape, 
being carried along by the swift current of water in the boxes, and, as the quicksilver 
fails to hold the gold, it is often lost. What is thus commonly seen in modern 
gulch minin" also occurs in the cemented deposits in the ancient river channels. In 
some of the~ much of the gold is covered with a coating of manganese and iron, 
and this gold acts in the same manner as that of the recent placers. Where the 
gravels of the ancient channel are too firmly cemented to be readily disintegrated in 
a revolving mill, the stomp mill is resorted to, and the gravel goes through the same 
process as quartz from a vein. It is crushed in a rock breaker, passes through 
automatic feeders to the mortar where it is stamp'ed in the ordinary way, being 
crushed to pass a screen having :1 in. to t in. apertures which gives the mill large 
capacity, but while the stamping removes some of the iron or manganese oxide, it 
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seldom removes all, and there is much of the gold still difficult to amalgamate. 
To facilitate this, a mechanical device is sometimes employed called a "ruhher." 
It consists of a frame of timbers placed in front of each battery. The rubber is 
suspended from irou cross rods, aud is actuated by an eccentric on a shaft driven 
by a belt. This gives the rubber a reciprocating motion, the shoes scouring the 
crushed pulp as it passes underueath, and brightening any rusty gold that may 
bc present to facilitate its subsequent amalgamation.-Minin.1 ",ul ScientU!c Press, 
Feb. 20th, 1904. (T. L. C.) 

CmIPOUND OF InON AND STLICON.-lIi. Lebeau has discovered three combinations 
of iron and silicon by heating mixtures of iron with twice its weig'ht of cupro-silicon, 
which is copper containing 10 per cent. silicon, in a carbon-lincd Doulton crucible 
in an air furnace fed first with coke and afterwards with gas retort carbon. By 
treating tbe residue with 10 per cent. nitric acid the copper is dissolved, Icaving 
crystals of tbe composition Fe2Si, which are fusible at 1200° C. to a crystalline mass 
resembling white cast-iron. By increasing the proportion of cupro-silicon to iron. 
silicides are obtained containing silicon up to about 33 per cent., corresponding to 
the composition Fe2Si and FeSi. By heating iron with five times its weight of 
silicon and silicide of carbon, small crystals of FeSi2 are obtained. 'rhe following 
are the data given :-

Silicon. Iron. Sp. G,·. Hardness. 
Fe2Si 20'0 8'00 6'85 6'5 
FeSi 33'3 . 66'66 6'17 8'5 
FeSi2 50'0 50'00 5'40 4'5 

The above compounds are present in dark grey foundry iron.-lIf. P. Lebeau 
Annales de C"e."ie et de Physique. (J. A. W.) 

COMPRESSED Am IN THE ELEVATION OF TAILlNGS.-Iu the course of a paper in the 
" Transactions of the Australasian Institute of Mining Engineers" Mr J. W. Archibald 
'says :-

" A good deal of experimental work has been done from timc to time on the appli
cation of compressed air to the elevation of wet pulp. On account of the flat nature 
of most of our mill sites, elevation of the pulp has to be provided for, and the various 
methods in vogue show considerable loss of time in the replacing of wearing parts. 
During the last two years the writer has carried out a great many experiments with 
a view of devising an elevator that will give continuous work with a minimum of 
wear. 

"The results do not show a high efficiency for the power employed, but the lift is 
continuous in operation, very cheaply installed, and possesses no wearing parts. The 
lift was tried working in a bore-hole of 8 ins. diameter, but in many cases it is more 
convenient to sink a small well for the purpose. The result to date showed that the 
most efficiency was obtained when the depth of the well was not less than the height 
of the lift requirccl. 'l'he pressure of air required in pounds per sq. in. was (approx
imately) half the number of ft. to be lifted. In the majority of cases the lift required 
varied between 20 ft. and 50 ft., anfl the ail' pressure required between 10 Ibs. and 
25 Ibs. pel' sq. in. 

"In most existing installations the air compressors in use were delivering air to the 
recei Vel'S at about four times that presmre, and when air so compressed was cxpanded 
to perform its work at a reduced pressure it was apparent that the power exerted in 
originally compressing the air above the working pressure required at the lift was 
absolutely lost. 

"Thus at the Mount Malcolm mines it was found that the lift only gave an 
efficiency of 35 per cent. of the compressor undcr the following conditions :-. 

" Height of lift above surface of well 
Depth of well " 
Air pressure at receiver per sq. in .. 
Reduced air pressure at lift. 

52 ft. 
54 ft. 
581bs. 
271bs. 

" The air was conducted from the receiver through a reducing valve to the lift. 
The rising main was a 4-in. black pipe, and the air . inlet through I-in. pipe. This 
elevator was capable of lifting 100 tons tailings in 24 hours. The most weal' was 
shown on the top bend, which had a life of about six months; in the rest of the pipe 
the .wear was nonna!. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Notices and Abstracts 737 
"In this instance had the air been taken direct from the compressor at the work

ing pressure of 2i Ibs., the lift woutd have shown a much higher efficiency. 
"It became apparent that to work this system with economy an independent 

compressor, designed expressly for giving large quantities of air at low pressure, must 
be employed. The writer subsequently installed two snch-one at the Guests Gold 
Mine, Mount Morgan, and a similar one at the Lancefield Gold Mine, Laverton. In 
both cases small compressors were geared on to the line shaft, and they delivered 
their air, without any receiver, direct to the foot of the lift. Under such conditions 
the only back pressure on the compressor was the weight of a column of water equal 
to the submerged part of the lift, and the rising or falling of the level of the surface 
of the well was a perfect governor to the compressor. Unfortunately, it has been 
found impracticable up to the present to calculate the efficiency returned by the lift 
under these conditions on account of the difficulty in arriving at thc actual h. p. used 
hy the compressor; but in both cases these lifts are regarded as eminently satisfactory 
by the managers_ 

" It appeared to the writer that under the last-named conditions the efficiency of 
this lift was much greater tha~ had hitherto been estimated. The following data, 
however, taken from observatIOns at the_ Guests Gold Mme do not show a high effi
ciency. This was probably due to the fact that the compressor was a very crude one 
and that being above the capacity re~uircd, the back pressure of air may have aver: 
aged less than the.figures taken. At this mill, of 20 stamps, there is 11'25 cb. ft. of 
pulp, containing 93 Ihs. sand, delivered per minute. 'I'his was elevated 28 ft., e'lual 
to a lift of 21,000 Ibs. 1 ft. per minute. Theoretically this would require 11'25 cb. ft. 
of air, at a pressure of one atmosphere (or 22'5 cb. ft. atmosphere) delivered to the 
lift per minute, and this would work out at the equivalent of 1 h. p. But as the 
capacity of the lift was considerably greater than was required, the surface of the 
pulp was generally about 4 ft. below the top of the well, and the lift air-gauge showed 
a pressure of from 9 Ibs. to 11lbs. This lift has a 4-in. colnmn air inlet through I-in. 
pipe; depth of well, 28 ft.; height of lift, 2i ft. The compressor took 50 cb. ft. of 
atmosphere per minute, which, at 11lbs. pressure per sq. in., was (approximately) 32 
cb. ft., and as that was brought from the air-compressor cylinder directly into contact 
with the cold pulp, there would be a considerable loss due to the lower temperature. 
This had not beeri accurately determined, but he estimated it at about 14 per cent. 
(on the basis of 18 per cent. of one atmosphere), and, making allowance for that, they 
would have 29'i cb. ft. of air at the temperature of the pulp. Therefore the volume 
of compressed air in the rising main would be at 2'64 to 1 of pulp-an average com
pression of 6 Ibs. of air. At 11 Ibs. pressure the average load against the compressor 
piston was 8'914 Ibs. per sq. in., which would work out in the compressor employed 
at 2'165 h.p. This was employed to lift (approximately) 21,000 Ibs. 1 ft. per minute, 
showing an efficiency of only 32 per cent. of the power required for the compressor. 

"The principal points in favour of this system are :
"1. Cheapness of installation. 
"2. Absence of wearing. 
"3. Uniform continuity of operation. 
"The cost of installation involves the sinking of a well or borehole to the depth 

required to be lifted, and an ordinary pipe of the size required from the bottom of 
the well to the delivery point, and an air pipe from the compressor to the bottom of 
the delivery pipe. When the rising column was of a size proportionate to the volume 
required to be lifted, there was very little sign of wear on the pipes, except on the 
to'p bend, which wore out on top in about six months. 

"Regarding uniformity of operation, when the installation was once made, there 
was no chance for anything to go wrong. Pieces" of stone, which might be washed 
into the well through the breaking of screens, were carried up through the pipe with
out difficulty. 

" At both the mines mentioned there had been no stoppage during the last nine 
months from any cause due to the faulty working of the elevator. At the Guests 
Mine the pipe was vertical to the required height, and then horizontal over a series 
of vats; but the rising column may also be taken in a sloping direction. 

"As the efficiency of all compressors decreases in proportion to the pressure 
required, it is evident that the pneumatic elevators will give greatest efficiency where 
the lift required is not very high. In cases where the life required is not excessive, 
the cheapness of installation, coupled with the unfailing continuity of opcration, may 
be fonnd to be strong recommendations for employing this form of elevator. "-Tlle 
New Zecdand M in in.'!, Engineering, and Bwilding Joul'1la'. October 8, 1903. ((1, D.) 

CONTACT PROCESS OF SULPHURIO AOID MANUFACTURE.-The fundamental features 
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of the contact process for the manufacture of sulphuric acid were first described in 
an English patent granted in 1831 to Peregrine Phillips, jr., of Bristol. The patent 
covered the application of platinum in a finely divided state for the oxidation of 
sulphur dioxide, and expressly stated how the catalytic action was to be obtaincd. 
Soon after the pUblication of Phillips' invention, experiments were undertaken by 
German chemists, but it was not until recently that the process was worked out in 
all its details and became a technical success. -Engineel'ing "nd ilIining Jm<1'n"Z, 
Dec. 24, 1903. (C. D.) 

COPPER AND CYANIDE SOLUTIONS.-The fouling action of copper on the extracting 
efficiency of cyanide solution is very marked with 0'3 per cent. present, even alone, 
and would be more so in practice where the accumulation of such an amount would 
be accompanied by the accumulation of other metals. On the other hand, copper 
salts, in the absence of free cyanide, to some extent act as solvents for gold and 
silver, but cupro-potassium cyanide is not so active in this respect as the corres
ponding zinc salt. In practice it is found that copper is precipitated from weak 
solutions of cyanide, such as 0'05 per cent. to 0'08 per cent. upon zinc shavings, 
which then become lcss active in precipitating gold and silver. 'rhis can be 
remedied by making the solution stronger with cyanide before entering the zinc 
boxes, whereby the precipitation of the copper is prevented. But, then, the copper 
accumulates in the solution, and the increase renders the solution less effective in 
extracting' gold from ore. The difficulty has been met in some cases by precipitating 
the copper with a lead-zinc couple after the precipitation of the bulk of the gold. 
At the plant at Minas Prietas, Mexico, the solution from the zinc launders, con
taining from 3 to 4 lbs. of copper per ton, is run over zinc shavings which have been 
steeped in lead acetate solution, by which the quantity is reduced to about 1'25 lbs. 
per ton, and any gold which has escaped previous precipitation also recovered. The 
product so obtained runs about four shillings per lb. in gold and silver and 25 per 
cent. copper.-~Iini"g "nd Scientific P1'eSS, Sept. 19, 1903. (T. L. C.) 

COPPER FROM SULPHIDE OREs.-In a paper read at the Fifth Intcrnational 
Congress of Applied Chemistry at Berlin in Juue last Mr Gustave Gin gave a 
description of a "new method of extracting copper from its sulphide ores." An 
abstract is as follows :-An aqueous solution of sulphur dioxide possesses the 
property of attacking oxide and carbonate of copper, forming an unstable sulphite 
of the binoxide, which is gradually transformed into a mixture of cupro-cupric 
sulphite and sulphate, according to the reaction-

(1) 3CuO+3S02=3CuSO:l 
(2) 3CUS03+CuO=CU2S0:j, CuS03+CuS04 

Cupro-cupric sulphite (CU2S0:j, CuS03) ts only slightly, soluble in water, but is 
easily soluble in solutions of sulphurous acid or cupric sulphate. On heating the 
solution to 1800 Cent. (under a pressure of 10 kg.) it loses sulphurous acid, while 
cupric sulphate and metallic copper are formed-

(3) (CU2S03+CuS03)=2Cu+CuS04+S02 

If the formulre 1, 2 and 3 be grouped together it appears that the reactions 
correspond to-

4CuO+2S02=2Cu + 2CuS04 
That is, half the copper can be obtained in the metallic state and the other half in 
the form of sulphate. On the above principles a new process for the treatment of 
copper ores has been devised. In this the ore is roasted in such a mallner that the 
whole of the sulphide of copper is transformed into dioxide or sulphate, and the 
whole of the iron into peroxide. Then it is lixiviated by means of a solution of 
sulphurous acid prepared in the ordinary manner from the fumes given off during 
the roasting. A saturated solution of cupro-cupric sulphite and sulphate of copper 
is obtained, containing at the same time a certain proportion of ferric sulphite and 
sulphate, The ferric sulphite, in the presence of an excess of sulphurous acid, is 
transformed according to the reaction-

Fe203, S02 + S02 = FeS04 + FeS03 

The saturated solution of the salts of copper and iron is pumped into a copper 
boiler, where it is heated to 1800 C., by which a pressure of 10 kg. is produced. At 
this temperatu,re the sulphite and the ferrous SUlphate are 'completely insoluble and 
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'are precipitated. The cupro-cupric sulphit.e is dissociated and loses two-thirds of 
its copper in the metallic state, and at the same time sulphate of copper is formed. 
Thc cloudy liquor is forced by its own pressure through a filter-press heated by 
steam circulating around the plates. In this manner a solution of sulphate of 

. copper is obtained, which can be cemented 01' treated for crystallised sulphate, and 
a precipitate containing metallic copper and sulphite and sulphate of the protoxide. 

'This precipitate is washed with pure water, which becomes saturated with sUlphate' 
the latter may be extracted by crystallisation. The residual sulphite is the~ 
oxidised by moist air, and gives sulphate of the protoxide, which can be eliminated 
by a fresh washing, and there remains, finally, metallic copper of great purity 
which is melted and run into ingots. . ' 

The Pittsburg and Montana Coppcr Co. is building a new smelter at Butte 
:Montana (U.S.A.), which, if the promi"es made are carried out, will revolutionis~ 
thc treatment of copper sulphide ores. The president of the company is quoted as 
saying that the mcthod to be adopted is an entirely new departure in the smelting 
of copper, and that by this process copper can be produced from the ore at a cost of 
not to exceed one cent. pCI' pound, a saving on the present method of £1, 5s. per 
ton. The new plant will cost £80,000. The company is said to have made a 
thorough invcstigation of the ncw process, which is kept a dead secret, and to have 
thc utmost confidence. that it will prove a success. The company Own 300 acres in 
the new East Butte district, and is said to have more than a dozen veins in its 
territory, on'e of which, cut at a depth of 500 ft., is 30 ft. wide at that point, and 
runs 15 per cent. copper.-The A1<stmUian ilIi:ning Standard, Sept. 24,1903. (C. D.) 

COPPER MILL PLATEs.-Concerning the condition of copper mill plates, evidently 
too much cyanide of potassium is being used on some plants. Cyanide hardens the 
plates and renders them unfit for amalgamating gold. Plates may be annealed by 
applying moderate heat-enough to cause dry wood or .awdust to smoke. This 
softens the plates, and they are then in better condition to amalgamate than before. 
A good remedy for plates, which continually become discoloured with copper salts, 
is to keep brushing them frequently and allowing the plate to accumulate a quantity 
of gold amalgam, which forms the best possible surface for collecting more gold. 
'They should then be scraped, not with chisels 01' steel scrapers, but with rubber 
only.. In some cases where copper plates tarnish badly, a remedy has been found in 
placing strips of iron or zinc on the plates (hcavy enough not to be moved by the 
current of water and pulp). This forms an electro or galvanic couple, aud has the 
effect of stopping discoloration of the plate in some cases.-ilIining and Scientific 
Press, Sept. 12, 1903. (1'. L. C.) 

CYANIDE RRGEXERATIOX.-" .... I am very glad to see that lIfr 'Vm. Orr, writ
ing from Denver, Colorado, June 5, 1903, confirms my opinion that the regeneration 
of working cyanide solut!ons, containing double cyanide of zinc and potassium, is 
not only feasible, but adVisable. 

"Mr Wm. Orr states that he obtained a patent (U.S. No. 689,01i) two years ago 
·(i.e., in 1901) for the regencration of cyanide solutions by the joint action of caustic 
soda and sodinm sulphide in the cold. I had already applied for patent rights for 
the regeneration of cyanide solution by the action of sodium sulphide in hot solutions 
two years before that date (i. e. in 1899), not only in the 'l'ransvaal, but in the United 
.States and other countries. 

"On the Rand we have to be very careful not to render onr cyanide solutions too 
strongly alkaline, a, the acidity of onr tailings is very moderate in quantity. 
Anything like an excess of alkali in the solntions wonld entail an excessive con
sumption of zinc, which would neutralL,e any benefit obtained by regeneration. I 
·do my best to follow the literature of the metallnrgical processes connected with 
gold extraction, bnt I have never seen any mention of Mr Orr's proces" . 

. " It is quite possible that, during the late war, papers may have been published 
'which many of us failed to obtain. I am very glad that :Mr Orr mentions the fact 
that solid sod ium sulphide, containing 66 per cent. sodium sulphide, cost 2 to 3c. 
per lb. wholesale in Denver. An English firm here recently quoted £35 per ton for 
33 per cent. Na2S, and a German firm a very mnch higher price than that. 

":My researches go to show that potassium sulphocyanide is not formed direct by 
the addition of sodium sulphide to hot cyanide solutions containing double zinc 

-cyanide in excess. 
" Mr Orr is perfectly right in stating that· rather more sulpho-cyanide is found 

.after precipitation than before. This is formed by the action of oxygen on the 
.,mall amount of zinc sulphide which is dissolved in the cyanide. 
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KCN +ZnS+O+2KOH= KCNS+ K2Zn02 +H20 
In actual practice the difference between the percentage of sulphocyanide before
and after treatment is exceedingly small. 

" In conclusion, I may say that I never obtained any satisfactory results except 
with the aid of heat, and it was on these grounds .that I based my chief claim for 
novelty in my patent."-Andrew F. Crosse. Extract from The S01tth Afi~'can 
Mines, August 1, 1903. 

CYANIDING COPPER ORES.-Some ores containing copper in the form of cal'bonate 
and silicate (chrysocolla) and fine gold have been successfully treated by the cyanide 
process, by first leaching out the copper with a dilute solution of sulpllllric acid, and 
subsequently treating the pulp with cyanide solutions. The success of this operation 
depends to a great extent on getting rid of the copper solution and free acid, which 
must be accomplished by means of wash water, and, in some instances, by neutralising 
the remaining acid by means of alkali.-Mining and Scient1;tic Press, March 19, 1904. 
(T. L. C.) 

CYANIDING SULPHO· TELLURIDE ORES.- The fact that the Diehl process is apparently 
an economic and commercial success in Kalgoorlie has attracted attention at Cripple 
Creek, Colorado, where a similar sulpho-telluride ore is usually treated by roasting 
and subsequent cyaniding, and the autbor in this article compares the two methods 
of treatment. 

A wet process for the treatment of Kalgoorlic ores possesses an 'advantage over a 
roasting process because of the large proportion of iron and calcium carbonates 
present in tbe ores, which, after roasting and on coming in contact with solution, 
tend to set, forming a cement which prevents percolation as well as causing other 
difficulties. Further, fuel and water are expensive at Kalgoorlie, so that pre
liminary roasting of low grade ores (costing as it does from one to three dollars a 
ton) is at a disadvantage in this district. 

Kalgoorlie sulphide ores yield, without roasting, from 50 to 70 per cent. extrac
tion when treated by agitation with ordinary cyanide solutions. 

'l'he Cripple Creek ores are found to give almost identical results, the lowest. 
extraction observed being 54 per cent. 

As is well known, the Diehl process consists in-
1. Stamping the raw ore with or without amalgamation. 
2. Separating the heavy minerals by concentration. 
3. Roasting the concentrates and returning to the battery for amalgamation or 

selling them to customs works. 
4. SlimilJg all the tailings from the concentrates to 200 mesh screen fineness. 
5. Agitation of this pulp for 24 hours in cyanide solution with addition of the 

bromo-cyanide from time to time. 
6. Filter-pressing the agitated slimes. 
In comparing the costs of the two processes working side by side, roasting costs 

$1.67 per ton, and as an offset to this 96c. for tbe cost of bromo-cyanide and 42c. for 
royalty .hows 29c. in favour of the Diehl process. It was also claimed for this 
process that it won 88c. more than from the roasting process, but, as in all uses of 
the kind, unfair comparison creeps in. . 

In this case 42 per cent. of the bullion contents of the ore was in the form of high
grade concentrates with the Diehl plant, while the roasting plant gives all its yield 
in bullion. 

In a newer plant the concentrates (5 per cent. of the ore heated) are roasted and 
returned to the battery for amalgamation and the pulp is cyanided with the 
addition of bromo-cyanide. The consumption of potassium cyanide is given as 3' 
Ibs. and bromo-cyanogen as 1'25 Ibs. The working costs of milling, concentration 
and extraction come to S5. ii76 per ton. 

There is no questioning the fact that Cripple Creek ores can be roasted and 
cyanided on a 500 ton daily capacity plant at a cost of $1.75 per ton, and without 
going into the question of the total cost of cyaniding Cripple Creek ores, the two· 
following sets of figures are given as sufficient :-

Bromo-cyanogen and royalty . 
Fine grinding. . . 
Fliter-press work and agitation 

Total cost 

DIEHL PROCESS 
$1.00 

.EO 
1.25 

$2.75 
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Roasting 
Tank work 

Total cost 
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ROASTING PROCESS 

Differencc in favour of roasting 

741 

$0.50 
0.25 

$0.75 

82.00 

Assuming that cyanide consumption to be the same in each case, the cost of 
bromo· cyanide, fine grinding, filter-press work and concentration would have to 
aggregate less than $1 per ton before the Diehl process could compete with the 
roasting process in the treatment of sulpho·telluride ores. Therefore, the latter 
process must prevail at Cripple Creek, as, ill the author's opinion, it will ultimately 
prevail at Kalgoorlie. -By P. Argall (advance sheets, The Mineral indllstl'Y, in the. 
press). (G. A.) 

DELPRAT'S METHOD FOR SEPARATING MIXED SULPHIDE ORES.-G. D. Delprat, 
.general manager of the Broken Hill Proprietary Company, has patented the pro
cess of separating mixed s'ulphide ores, which consists in feeding finely. ground ore 
into a bath containing dilute nitric acid, whereby gas·bubbles are formed On the ore 
particles, raising them to the surface of the solution, whence they can be removed. 
The process is carried out at ordinary temperatures. The operation depends upon 
the ore-particles being attacked by the acid to form a gas. Each particle of ore, as 

.attacked, will have a bubble, or bubbles, of gas adhering to it, by means of which it 
will be raised and can then be skimmed or floated off the solution. To facilitate the 
floating of the ore-particles, suitable salts are added to the solution to increase its 
specific gravity. The gravity of the solution is increased to about 1'4 by the addition 
of a suitable nitrate, such as sodium nitrate or zinc nitrate. The operation is per
formed in an apparatus which is so designed that the gangue unacted upon by the 
acid will slide down into a sump, whence it may be discharged by any suitable 
arrangement, while the metaliic scum, rising to the surface, passes off through an 
overflow trough.-Eng. and l)fining Jon)'., Dec. 5, 1903. (C. D.) 

ELECTRICAL GOLD DREDGING.-Mr C. Weston Clark contributes an interesting 
.article to the Electric,L! World on the subject of electrically-driven gold dredgers in 
California. It seems that with cheap electrical power the electrical dredger can profit
ably operate on soils containing 5 dwts. of gold per cubic yard, which was quite imposs
ible with steam-operated dredgers. The gold-carrying soil in California varies from 10 
ft. to 50 ft. in depth, being a gravel deposit from old river channels. The bucket 
system of dredging is preferred, as a rule, over the one having centrifugal pumps 
for elevating the soil. The boats arc fed by insulated cable, and are usually supplied 
from a three· phase system at a low voltage, but in a few cases a 4000-volt supply is 
laid directly on to the boat and there transformed down. The dredger digs its own 
channel ahead of it, depositing the soil which has been worked behind it. The soil 
is elevated into a grizzly or similar screening device where the rocks are washed from 
the soil, the rocks being delivered to the carrier that deposits them out of the way 
behind the dredger. The soil is then washed through shakers and riffles, leaving the 
gold deposited on saving tables, to be taken up with quicksilver, and the worked
over soil is run out at the stern of the boat. The General Electrical Co. has 
standardised this clasB of equipment, and the following particulars of one recently 
.supplied will be of interest. It consists of the following induction motors: One 
.50 h.p. motor, with conkoller and resistance for driving the bucket line; one 15 h.p. 
motor, with controller and resistance for operating the winches (this apparatus is for 
working the head lines and changing the direction of the boat to suit the work) ; 
one 40 h.p. motor direct connected to a centrifugal pump (this pump furnishes water 
for washing the soil) ; one 15 h. p. motor to drive the stacker or conveying belt which 
disposes of the stones; one 15 h. p. Illotor for operating the shaking screens; one 
30 h.p. motor for operating the sand pump (this motor is worked occasionally when 
the s'1nd acculllulates too thickly at the back of th~ boat, and delivers it out on the 
rock pile through a long pipe) ; one 3 h. p. Illotor for operating a deck and bilge 
pump, nsed for general washing f,urposes. 'rhe buckets each carry 3 c. ft. of earth. 
On another dredger with buckets of 5 c. ft. capacity a normal speed of 22 buckets 
per minute was obtained. With this the dredger was able to deal with between 
50,000 and 75,000 c. yds. material per month. It is interesting to learn that this 
heavy chain of buckets is being started satisfactorily by the three-phase motors.~· 
Electrical Engineer, April 8, 1904. (T. L. C.) 
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ELECTROLYTIC REFINING O}' LEAD.-Mr Anso;' Beits contributes an article to· 
Elect"o-Chemical Ind"stry, concerning his lead-refining process, which is among the 
most interesting recent achievements in electro-metallurgy. The fact that this, 
electrolytic process furnishes lead completely free of bismuth appear~ to be the main 
argument in favour of its success. Another ad vantage is the diminution of the 
danger of lead-poisoning to which the workmen are exposed. The novel featm'e of 
the process is the electrolyte, which is a solution of lead fluosilicate, containing an 
excess of fluosilicic acid. It is easily prepared from inexpensive materials; it may be 
made to contain a considerable amount of dissolved lead; it conduct, the current 
well, is easily handled and stored, and is non-volatile and stable under electrolysis. 
The electrolyte takes up no impurities, except a small part of iron 01' zinc. The im
purities can accumulate to a considerable extent before they become objectiona hIe. 
The electrolyte may be purified in several ways. An interesting detail of importance 
is the simple method by which a dense, coherent, and solid cathodic deposit of lead 
is obtained. The lead "trees" produced under ordimtry conditions are well known .. 
When the Beits' process was first operated with the pure fluosilicate solution contain
ing an excess of fluosilicic acid, the lead grew from the cathode towards the anode, 
and, in order to avoid short circuits, it became necess"ry to periodically remove the 
cathode and roll down the lead. This difficulty was overcome by the addition of 
some gelatine or glue to the electrolyte. With this addition to the solution a dense 
deposit of lead is obtained, its density being greater than can be produced by rolling' 
the crystalline deposit, unless great pressure is used.-Elech'ical Engineer, September 
18,1903. (T. L. C.) 

ELMORE COPP}]R DEPOSITING PROCESS,-According to The Electro-Chemist and' 
lIfetaU"':qist the Elmore process is briefly as follows. The positive pole of a dynamo 
is connected to an anode of raw granulaled or black copper laill at the bottom of u 
pitched wooden vat containing an acidulated solution of copper sulphate. About 
1'2 in. away from tbis anode a copper or iron cylinder, forming the' cathode and 
connected to the negative pole of the dynamo, is rotated at a suitable speed. In 
order to give the copper thus depositcd on this cylinder or mandril a firm and dense 
structure, and to prevent any crystalline formation, an agate burnisher travels up 
and down the lens-th of the cylinder and exerts a constant pressure on the surface, 
and as the conditIons are regulated in such a way that the layer at any point only 
increases in thickness by some 0 '0013 in. before the agate brush has again returned 
there, the depositing copper is obtained in a homogeneous state. A comparatively 
light current density, 56 amperes per square ft. is employed so that the deposition 
of a copper tube 2 in. thick would take just under a week. With ordinary processes 
of copper refining the current density employed is about a tenth of the above. When 
the deposited tube has attained the Ilesired thickness, it is stripped from the mandril 
and is ready for the market. Tubes of small diameter are comparatively more 
expensive to manufacture by the process, so that the German Elmore Company turn 
their attention more particularly to those of larger diameter. An example of this 
is the biggest seamless copper tube in the worlJ, manufactured by the Elmore process. 
and exhibited at the Dusseldorf Exhibition. It was designed for a condenser cover, 
and weighs 7940 lbs., is 16·4ft. long, 8'2 ft in diameter, and has a thickness of 0 '32 in .. 
The copper obtained by the Elmore process has satisfactory mechanical properties. 
For example, a tube of 11'8 in., diameter and 0'12 in. thick, when subjected to. 
hydraulic pressure, expanded to 13 ins. at 14 atmospheres, and did not finally burst, 
until the pressure had reached 52 atmospheres. At present there are three Elmore 
works-one at Schladern, in nermany, one at Leeds, in England, and one at Havre, 
France-having a total weekly capacity for producing 396,000 lbs. of copper.-The 
Electr,:cal EngineC/', October 16, 1903. (T. L. C.) 

FOUNDATIONS FOR MORTAR BLOCKS.-A pit for the reception of a mortar block of 
any description need not necessarily go deeper than the bed rock. A short mortar 
block-6 or 8 ft.-will answer as well as a long one if it rests upon bed rock. The 
block should be of sufficient depth to afford a substantial anchorage for the mortar 
bolts. Where bed rock formation is not encountered in a pit 12 to 14 ft. deep, it is 
sufficient to make a foundation of concrete. This should be broader and longer than 
the mortar block itself, which may be of concrete or of wood. There is much diver
sity of opinion as to the best material for mortar blocks. Some prefer concrete, 
others solid blocks of wood, and others favour blocks built up of planks, spiked 
together. The latter, when properly made, have given satisfaction. It is not good 
practice to form a pit by building concrete about it and setting the block within the 
pit so formed, unless the pit be sufficiently large permit a man to work between th'" 
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Notices and Abstracts 743 
side of the block and the walls of the pit. A mortar block rots, if at all, on the outer 
portion while the centre may remain solid. By having the pit wide enough to per
mit men to work between the block and the wall the decaying portion may be 
removed if it be a built up block, and new planks placed in their stead. The plan 
of forging rings on the lower ends of the anchor bolts and securing them by drivinoo 
a heavy bar through them and entirely through the block is a good one, and prevent~ 
the bolts from shifting in case of the decay of the outer portion of the block. When 
the block is in position, the pit may be filled with tailings, which make a firm un
yielding packing f01' the block, but is a material easily removed in case repair~ are 
necessary.-Mini"9 and Scient.?,!ic P"ess, Dec. 19, 1903. (T. L. C.) 

GOLD BULLION R~;FI"'TNG.-In the electrolytic refining of gold bullion from a 
chloride solution the deposited gold is about 999'S fine; in the case of gold bullion 
containing silver a very small amount of silver is deposited with the gold, owing to 
the fact that silver chloride is slightly soluble in a strong solution of gold chloride 
containing hydrochloric acid or an alkaline chloride.-TI" Austmli(m 11[/ning 
Stand(,rd, .July 30,1903. (C. D.). 

GRINDING CONCENTRATES.-There are two principal ways by which we can crush 
the concentrates as finely as we wish without using any iron in contact with the 
ore we wish to crush. One is by using the arrastra, and the other by using the 
flint mill or the revolving tube mill, by which the ore is crushed by boulders of 
quartz or flint without coming in contact with any metallic iron. While these two 
methods are mechanically very primitive, they do the work satisfactorily and I think 
could be improved mechanically by a little ingenuity. The arrash'a I have used is 
not the ordinary rough arrastra, such as is built out of rough stones by the Mexicans, 
but one built in an iron frame by lining it with a layer of 6 ins. of concrete. I 
crushed up some granite and made a strong concrete about 6 ins thick and lined the 
whole arrastra with that. Then, as mullers, I use blocks of basalt or blocks of 
artificial stone made out of concrete, and these are dragged over the surface, and 
the ore is crushed to an impalpable powder. I have ground the ore for various 
periods of time sometimes eight hours, some twelve, sometimes twenty-four, and in 
this way I have been able to produce a product which is finer than you could 
ordinarily get a sieve fine enough to sift it through. It is much finer than 200; 100 
is not fine enough; the finer it is ground the better. It does not need to be sieved. 
When I wish to size it, I do so by an uprising stream of water. This washes out 
all the slimes, alld the coarse particles are re-ground, if necessary. 

1 have always found, after cyaniding, that the coarse sulphurets carried the value, 
and that the values in the fine were extracted very readily. 

The arrastra is a very efficient grinding machine, although very primitive. It 
will do good work, particularly on sulphurets, which are not hard to glind. The 
arrastra can be built very cheaply, made of coarSe battery sand, on the spot, and if 
it wears out, can easily be replaced by putting in a little more concrete in the worn 
places, 80 the cost need no t be excessive for the grinding machinery. The cost for 
power is also very light, if you have water power available. 

The other method of grinding is one used by paint and drug manufacturers. That 
is the ordinary flint mill. Constructed for these purposes it is very expensive. It 
is a revolving cylinder lined with porcelain liners, in which there are round pebbles 
of hard flint, but as constructed for our purpose, it could be easily improvised from 
a revolving cylinder made of iron, lined on the inside with concrete, with loose 
quartz boulders inside, such as we get in our gravel mines, instead of the flint pebbles. 
In· this case the discharge can be regulated by the amount of inflowing water through 
hollow trunnions; the right amount of water can be allowed to flow through the 
machine and wash out the finer slimes. Which of the two will prove the most satis
factory depends on local conditions.-" Cyaniding Gold-bearing Sulphurets," by S. B. 
Christy. -Minin9 and Scientific Pms, April 9, 1904. (W. A. C.) 

GRINDING MACHINES USED AT KALGOOHLIE.-In the Kalgoorlie district two kinds 
of dry-crusher, are used, namely, ball-mills and Griffin mills. For wet grinding, flint 
mills and Huntington mills are employed. 

Ball-mills have for years given every satisfaction at the Associated, Kalgurli, 
Hannan's Star and Boulder Main Reef Mines, while the Griffin mills claim supporters 
at the Perseverance, South Kalgurli and Great Boulder Proprietary. 

As the Great Boulder Proprietary and the Boulder Main Reef are adjacent mines, 
working the same lode, which is practically identical in character, chemical composi-
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tion and physical properties in both cases, a comparison between the efficiency of the 
two crushers is possible; but comparison of costs, other than those of general main
tenance, etc., are scarcely fair, because in the larger plants power can be produced 
at a much lower rate per unit, and the cost of supervision, etc., is divided over the 
greater tonnage treated. 

The Griffin mill is exceedingly neat and compact, and occupies only about one
third of the floor space of a ball-mill, but this is of small moment where economy, 
efficiency and profit are the chief matters to be considered. . 

In comparing the output of a Griffin mill with that of a ball-mill, it must be 
recollected that the former is fed with pieces no bigger than walnuts, while the latter 
will take lumps as big as the fist. 

It was found on one occasion that 75 per cent. of the ore fed to the ball-mills at 
the Boulder Main Reef was too large to pass through a 2 in. ring; indeed, 3 per 
cent. proved too large to pass through a 6 in. ring. In spite of this, the mills were 
each treating 33 tons a day. 

A defect of the Griffin mill is its very small screen-area. The pulverised ore is 
drawn through the meshes by the suction of a Sturtevant fan and is caught by cyclone 
arresters. It is exce-dingly complicated and easily gets out of order, while it 
possesses the additional disadvantage that, as the pendulum must revolve at an 
enormous speed, the wear an· I tear is very great. Of the 12 Griffin mills installed 
on the Great Boulder Proprietary mine, never more than 10 are running at One time; 
the others are always under repair. 'rhe wearing parts, i,e" the roll-tires and 
followers, costing $15'60 and $10'OS each, respectively, require renewing every eight 
days, while the die rings, costing $19'20 each, and the roll bodies, costing $15'12 
each, last only about six or eight weeks. On the South Kalgurli the pendulum 
shafts are replaced on an average every two months, at a cost of about $4S for 
material alone. Driving-belts also suffer severely, and require to be renewed twice 
a year. The power required is 20 indicated h.p. per mill, and theoutpllt is 1'25 ton; 
per hour of running. 

It is now admitted generally that among the dry crushers the ball-mill has no rival 
as regards output, low nmning cost, and the excellence of its finished product for 
the subsequent roasting treatment. The screen-area i. enormous, and amply suffic
ient to secure the dischal'ge of the ore immediately it has been reduced to the required 
degree of fineness, and as the screens themselves revolve they are subjected to a 
gentle internal scouring, which keeps them clean and in propel' trim for efficient 
working. The cost of maintenance is exceedingly moderate, One steel ball, weighing 
IS lb., being put into each mill every day with the charge of ore in order to make up 
for the consumption of metaL The other wearing parts are the grinding plates and 
"iue-liners, which are replaced in complete sets every seven or eight months, and 
cost $864 delivered on the mine. The driving-belts on thc Boulder Main Reef, which 
are of camel's hair, have now been in use continuously for over four and a half years, 
and look as if they would still last a long time. 

Each mill makes exactly 25 revolutions per minute requires about 24 i. h. p. and 
has an output of over 1~ tons per hour. 

The total weight of the steel balls in each mill varies from 2240 lb. to 2464 lb. 
An examination of the powdered ore leaving the ball-mills on the Boulder Main 

Reef, where a screen of 20 holes to the lineal' inch is used, furnished interesting data. 
A sample assaying 16 d wt. per ton was treated on a series of brass-wire sieves. The 
portion retained on each was carefully weighed and assayed separately, with the 
following results: 

Assay. 
Per cent. Oz. Dwt. Gr. 

Retained on 40-mesh sieve. 24'1 0 7 20 
Passing 40 60 9'4 0 11 IS 

60 80 6'2 0 13 7 
SO 100 6'6 0 17 0 

100 150 3'2 0 IS 7 
150 200 4'2 0 18 7 
200 46'3 1 0 6 

It will thus be seen that as regards value the ball-mills produce only two qualities; 
the coarse, largely made up of hard particles of quartz, is comparatively poor, 
while the fine contains most of the gold, owing to the friability of the sulphides 
and tellurides. 

The Griffin mills, even with a coarser discharge screen, yield a much finer product. 
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Notices and Abstracts 745 
1<'or example, the Griffin mill at the Great Boulder Proprietary mine, with a 15 to 
18-mesh, produces an impalpable powder, of which 75 per cent. will pass through 
.a 150-sieve. It is claimed that the extra work thrown upon the rock-breakers in 
preparing for the feed of the Griffin mill is compensated by a corresponding diminu
tion of work in the Wheeler pans in the sliming section of the process; while this is 
admitted, to a certain extent, it cannot be denied that the very fine crushing is a 
distinct disadvantage for the roasting. A certain amount of grit is always advantage
ous, as it allows the oxidi,ing atmosphere to play more effectively in and about the 
tine sulphurous particles; while at the same time it prevents, that banking into 
ridges, or packing, so noticeable in the treatment of the more tinely grained or 
tioury material. Actual practice shows that one 5 ft. Wheeler pan will deal with a 
daily output of 16'6 tons from the Griffin mills and only 12 tons from the ball-mills; 
but the consumption of pan shoes and dies is precisely the same, being 1'8 Ib. per 
ton of original ore in either case. 

One other point ill favour of the ball-mill is that when, as not infrequently happens, 
a dynamite mrtridge i8 carelessly shovelled np in the mine and sent up with the ore, 
its explosion does little or no damage to the ball-mill becaus8 of the great space 
available in which to expend its energy. This is not the case with the compact 
Griffin mill, where the explosion is confined and often blows the bottom to pieces. 
The expense incurred in repairing the results of an accident of this kind amounted 
formerly from $192 to $:3:36; but these figures are now considerably reduced through 
the substitution of false bottoms of sheet iron for the heavy castings. However, 
even now the cost of repairs is heavy, besides which, time is lost anel the mill is 
lying idle while the damage is being put rlght. 

Another type of pulveriser, mnch favoured on this tielel, is the flint mill. It is a 
hollow revolvmg steel cylinder, 16 to 20 ft. ·in length and 4 or 5 ft. in diameter, and 
closed at both ends except for a small central opening in each. It is linerl com
pletely with cast-iron or steel plates !i to Ii in. thick, and when in operation is 
partially filled with a charge of hard tiint nodules. The sand is fMced from the 
nozzle of a spitzkasten through the central opening in the receiving end, is ground 
in the mill, and escapes as slime at the discharge orifice. One flint mill is sufficient 
for a 2000-ton pel' month plant, using a 30-mesh wire screen, and the work is done 
so efficiently that 99 per cent., or practically the whole, of the finished product will 
pass through a sieve of 200 holes to the linear inch. 

A complete set of liners weighs about 4 tons, lasts from 7 to 10 months, and costs 
$384 on the spot. 

'rhe working charge of flints rangeg from 4 to 6 tons, and about 1 cwt. of flints is 
consumed in grinding 100 tons fine enough to pass through a wire screen with 30 
holes per linear inch. Each mill consumes from 18 h. p. to 35 h. p. , according to size, 
ma,kcs 30 rev()lutions pel' minute, anrl, when working efficiently, emits a low, dull 
note or roar easily recognised by an experienced attendant. 

'fhe function of a flint mill is to pulveri.e, and as such it is at present unsurpassed, 
while the pan (which is also nsed in the treatment at Kalgoorlie) has not only to 
.grind, but also to amalgamate. 

b'or obvious reasons the flint mill cannot be nsed as an amalgamator, and copper 
plates are decidedly objectionable in either process, for the following reasons: All 
the waters travelling through the Kalgoorlie plants are in reality dilute cyanide 
solutions; even battery waters carry from a mere trace up to 0 '03 per cent. of free 
cyanide. The amalgamating plates are consequently rapidly corroded, as, for 
example, those of the Hannan's Star and the Kalgurli mines, which have to be re
placed every nine months, and the dissolved copper must be precipitated sub
sequently in the zinc-boxes. The objection therefore is two-fold, the destruction 
of the plates themselves and the production of impure" coppery" bullion. 

In performing their duty, pans polish and brighten the metallic particles and thus 
promote amalgamation, but, on the other hand, flint mills tend simply to flatten 
them and consequently amalgamation is retarded. 

In my opinion, the best results could be obtained by a combination of both these 
appliances-one, or perhaps two, pans to catch all the free gold and perform the 
rough grinding, and tiint mills to complete the pulverisation into an impalpable 
powder or slime. 

Huntington mills have been tried for pulverising the roasted ore, but the ever
present plaster-of-paris soon encrusts and enamels all the exposed ironwork, the fine 
mill screens rapidly become choked, and fnrther work is impossible.-Abstract from 
paper entitled "'l'reatment of Telluride Ores by Dry-Crushing and Roasting at 
Kalgoorlie, Western Australia," by W. E. Simpson, Institution of Mining and 
Metallurgy, October, 1903. (W. A. C.) 
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LAIST COPPER EXTHACTION PHOCESS.-Messrs Hudson Smith, P. C. Brown and" 
Fredrick Laist have in operation a small plant in Salt Lakc City, Utah, to 
demonstrate the workings of the Laist copper extraction process, of which theyare· 
the patentees. Their process seems specially adapted to the carbonate ores. It is. 
a new application of known chemical mcthods. The leaching takes place in 
revolving barrels, sulphuric acid being used as a solvent. After sufficient time has. 
elapsed for the acid ·to do its work, the pulp and solution are passed into a tank, 
having a perforated falsc bottom, which holds the pulp, while the solution is drawn 
off at the bottom by means of a vacuum pump into a second tank. In the tatter 
the copper in the solution is precipitatcd by sulphuretted hydrogen, the precipitate 
being cupric sulphide, or sulphide of copper. This is placed in a converter, in 
which the sulphur is volatilised and utilised in regenerating, or reforming, sulphuric' 
acid. In this way they claim to be able to use the sulphuric acid over and over 
again without any material loss. It is stated that a plant of 100 tons capacity, with 
equipment for this process, is to be erected in Southern Utah, where the ores are 
copper carbonates ill a sandstone gangue.-Denver "'lining Repo,.tel·. (C. D.) 

LIQUID FUEL BUHNER AXD FUHNACE FOH METALLUHGICAL PURPOSES.-'1'he· 
following extract is interesting in connection with tests made at the Technical 
College, Sydney, on complex ore from the Te Aroha District, New Zealand. The 
gentleman on whose account these tests were being made says:-

"1 saw the first piece of copper ore melted into metallic copper in fiye minutes. 
This has never in the history of smelting been done before in the world. Then we 
put in a big crucible of our ore. At 3000 deg. it ran like water, and T left a littlc 
before 6 to-night, when they expected to get the heat up to 4000 deg. Fah., at 
which temperature all the zinc would be Yolatilised, and the lead, gold, silyer and 
copper left in the 'matte.' This' matte' is a concentrate of all the valuable metal, 
and if we had a plant of this sort on the hill at '1'e Aroha we should-instead of 
sending a lot of valueless extraneous matter over hills and dales to Sydney at a rost· 
of £5 per ton-be simply sending that which would be of value (eyery ounce of it) 
to the ultimate reduction works ... , T think, looking into the future ... we 
must half smelt the stuff in New Zealand and have the' matte' separated here or 
elsewhere. We could put a plant in '1'e Aroha to treat the dirt and produce 10 or 
12 tons per diem for about £250." 

A Sydney paper thus describes the trial of the ore :-" A trial of Mr Frank 
Cotton's liquid fuel burner and furnace for metallurgical purposes was made 
yesterday afternoon at the Technical College, Harris Street, in the presence of a 
number of gentlemen interested in mining and engineering. '1'hey were much 
impressed by the results obtained. '1'he burner is distinct from all othcrs in that. 
it is not a mere mechanical device for spraying or atom ising oil. It is actually a 
gas-producing apparatus, in which heated oil and dry steam are first mechanically 
mixed and then converted into a fuel gas, which burns at an exceedingly high 
temperature. The furnace used was 7?J ft. in circumference, the chimney being 14 
ft. high. Tn about an hour the whole was heated to a white heat, notwithstanding 
that the apparatus was placed 4 ft. or 5 ft. from the base of the chimney, and the 
aperture of the gas burner was only one-tenth of a.n inch in diameter. A tempera
ture of 4000 deg. Fah. was easily obtained'. The first test was a 60 lb. steel crucible 
charged with the most refractory material obtainable in New Caledonian nickel orf'. 
This was smelted down in two hours. Subsequently raw copper ore without any flux 
was smelted in less than five minutes-in fact, it melted down like so much butter. 
'1'he apparatus used only weighed l4 lbs., and it is claimed that a plant sufficiently 
large to deal with as much ore as a small crushing plant can be placed on a railway 
truck, and, further, that it could be put up and run at less cost than the crushing 
plant. A great point in favour of Mr Cotton's patent is that it only requires a 
sufficient surplus of water to run a yery small boiler. The liquid fuel used is residual 
petroleum oil or coal tar, and the apparatus used, which would haye heated a yery 
much larger furnace, consumed about two gallons per hour. '1'he results of the trial 
in the matter of the high temperature obtained, coupled with the comparatively 
small cost of the plant, point to it being cheaper to smelt the most refractory ores 
by this process than to erect a crushing plant to deal with free milling stone. If the 
process will do equally good work on a commercial scale it threatens to revolutionise 
metallurgy."-Tke New Ze<!land Jlining, Enginee,.ing and Building Jonl'l1al, July 23, 
1903. (C. D.) . . 

MAGNESIA.-Magnesia is now large'!y used on a.ccount of its infusibility in the 
manufacture of crucibles, cupels, firebricks, etc. For the preparation of magnesia 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Notzi'es and Abstracts 747 
crucibles, Johnson (Eng, Pat, 9917, July 1884) roasts cakes of magnesite, gisbertite, 
periclase, or other magnesium minerals, If the crucible is required to bc free from, 
silica magnesia obtained from sea water is employed. Whatever the source, the pro, 
duct of thc calcination is ground, mixed with 10 to 40 per cent. of caustic magnesia 
(the hydrate), and moistened with water containing starch, flour, or other binding 
material, and well rammed into moulds. The crucibles thus prepared, when dry, 
are ready for use for most purposes. If desirable, they may be· exposed to a high 
temperature in a furnace. 

Maxwell-Lyte (Eng. Pat. 4889, April 1885) employs a process differing from the 
above in a few details. 'l'he oxide, as before, is first calcined at a strong white heat 
in order to prevent subsequel),t cracking of the manufactured article. This operation 
should be repeated two or three times, the material being re-crushed and sicved after 
each roasting. It is then mixed either with water alone, with a solution of any 
soluble magnesium salt but the sulphate, or with 6 to 10 per cent. of "heavy" mag, 
nesium hydroxide or 10 to 15 per cent. of lightly burnt magnesia and water, and 
fashioned into the required article, which may then be fired for use. Addition of 
sawdust or flour to the mixture increases the porosity, and of powdered carbon the 
refractoriness. If it is required to be used in contact with fused metallic oxide it 
should first be well glazed. 

For the preparation of magnesia tests and cupels the same patentee employs highly 
calcined magnesite. This is treated either with dilute hydrochloric acid or mag, 
nesium chloride solution, re-calcined and sifted. It is then mixed with lightly 
calcined magnesia or bone-ash, or with a metallic oxide or clay to impart strength, 
or with sawdust or flour to increase the porosity. Whilst the cupels are setting they 
should "e kept moist to prevent cracking. After setting they may be fired. 

For the manufacture of infusible bricks Schloesing (C. R., 101, 131) employs mag· 
nesium hydroxide obtained from sea water. The sodium chloride present may be 
removed by repeated treatment with fresh water. Heated to redness it loses its 
water and contracts, and at a white heat contracts still further, but if kept at this 
temperature for a short time it undergoes no further change on again heating. To 
convert the powdered product into bricks four parts by weight are mixed with one 
part of magnesia, which has only been heated to redness, and the mixture submitted 
to a pressure of 10,000 kilos. per square decimetre. The compressed bricks arc thcn 
heated for a short time at a white heat in a circulatory furnace, burning gas or some 
liquid fuel.-" A Dictionary of Applied Ohemistry," by T. E. Thorpe, September, 
30, 1903. (W. A. C.) 

MAGNESITE.-" The consumption of magnesite in the United Statcs is increasing 
rapidly owing to its extensive application as a refractory lining for basic open. 
hearth furnaces and converters in the steel industry and for rotary kilns in the 
manufacture of Portland cement. There is also a growing demand for it among the 
makers of carbon dioxide. Magnesite bricks for refractory linings are made in this 
country by the Fayette Manufacturing 00., at Layton, Pa., and by the Harbison & 
Walker Co .. at Pittsburg, Pa. 'l'he latter company manufactures two grades of 
bricks. For the most refractory grade, No.1, which contains 96 to 98 per cent. 
MgO, Grecian magnesite is used, while No.2 grade is made of a mixture of Grecian 
material with Austrian. The Austrian magnesite when" dead" burned, analyses 
about as follows: MgO, 89%; Fe203, 7%; Si02, 2'/0; A120 3, 1%; OaO, trace. 
Before shaping into brick the magnesite is burned absolutely 'dead' at a 
temperature of 3000 to 3500° F."-The l1lineral Industry, vol. IX. p. 458. 

"Pure magnesite from Eubrea is highly refractory and sinters only at a very high 
temperature, and for the manufacture of magnesite bricks it is necessary to add a 
suitable binding material. The Greek company, at its works at Mantudi, uses a 
small proportion of serpentine in its mixture, and produces a very hard and dense 
brick by burning at a temperature of 1·400° O. in a regenerati,-e furnace of the 
Siemens type. Their product is consumed in metallurgical works of the United 
States and elsewhere."-The Jlinel"al Ind1lstry, vol. x. p. 439. 

MERCURY TRAPs.-The mercury traps uscd at the mills of the Homestake 00. in 
South Dakota were not all of one size. Inside traps were made of wood, with copper 
lined bottom; 14 in. by 17 in. wide and 24 in. deep, this divided into threc compart. 
ments by three wrought iron sliding plates, placed parallel with its short sides. 
'I'hese plates are 2;j: ins. apart, the centre one extending to the bottom of the box, the 
others reaching within 3 ins. of the bottom. The pulp flows. under the first compart
ment, over the middle one and under the third one, flowing out through a launder 
built into the side of the box. The trap on the outside is larger. It also is of wood, 
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is 48 ins. long, 14 ins. wide, and 48 ins. deep. It has three partitions set at 10~ ins. 
apart, reaching from the bottom of the box up to within 1~, 3 and 4 ins. below the 
level of the inlet, the outlet being 6 ins. below the inlet. In the middle, between 
two wooden partitions, is let down a sliding wrought iron plate H in. thick, reaching 
to within 3 ins. of the bottom of ihe box. At the Caledonia mill the traps are much 
sm'l.ller, having one trap for each battery of five stamps. The size of traps must be 
proportionate to the amount of material passed through them within a given time.
.J1ining nnd &ient~fic Press, Nov. 21, 1903. (T. L. C.) 

I1IILL-PLATES.-There is a difference of opinion among mill men as to the advis
ability of dividing the plates in front of the battery. Some claim this arrangement 
to be an advantage in dressing plates and permitting a saving of time. Others hold 
that the comparatively small amount of time saved is more than offset by the loss 
occurring when all the pulp from the battery is run over one-half of the plate surface, 
and that divided plates had no advantages. The same difference of opinion exists 
.as to drops in the plates. Some contend that drops of one-half inch are a distinct. 
benefit, having a tendency to render the quicksilver active. Undoubtedly amalgam 
accumulates where these drops occur if the drop be not too high. Whether there is 
.a loss caused by this arrangement is a matter of differing opinion among mill men. 
-.Mining wul Scientific Press, Feb. 6th, 1904. (T. L. C.) 

MLLL PRAcTICE.-The modern tendency is to run stamps at as high speed as possible, 
so as to crush the maximum tonnage. The llfining Reportel', Denver, Col., advances 

.a good reason for considering that this is carried to excess. It takes time for the 
ore displaced or crushed between shoe and die to f.ll back on the latter, and if 
between drops there is too small an interval of time then there is danger of iron 
beating on iron. About one-tenth of a second interval is the time which practice 
seems to allow as being most beneficial. On this basis the maximum number of 
drops per minute for an 8-in drop is 90. If no interval is allowed then the number 
of drops allowable is 113, the latter number of drops being just possible without 
"camming."-1'he An"tmii(tn lllining St(tndard, September 24, 1~03. (W. A. C.) 

;\IrLL SCREENs.-1n the selection of a mill screen it should be the aim not only to 
get a screen which will wear well but one suited to the ore. The ore should be 
crushed no finer than necessary to free the greatest value at least expense. The 
economy of saving may easily be carried too far for economical results. When 
known to what degree of fineness the ore should be crushed it is not good mill practice 
to employ a screen which, though it endures well, will wear by the attrition of the 
rock until the holes become enlarged to such an extent as to pass particles of ore 
twice the size of those which pass it when the screen is new. If fine crushing is 
necessary to free the values it will generally be found that tailings will run higher 
through an old battery screen than through a new one. The life of a screen depends 
upon the kind of screen, amount of water used, height of discharge, and largely upon 
the character of the ore as to the hardness. A flinty ore will discharge more rapidly 
through a slotted screen than through a ,\,oven one, and a granular ore is best treated 
with a wire cloth or round punched screen.-Mining (,nd .scientific Pl'ess, October 10, 
1903. (T. L. C.) 

.NEW SMELTING PROCESS.·-A trial of Ilir Frank Cotton's liquid fuel burner and 
furnace for metallurgical purposes was made the other day at the Technical College, 
Harris Street, Sydney, in the presence of a number of gentlemen interested in 
mining and engineering. They were much impressed by the results obtained. 

The burner is distinct from all others in that it is not a mere mechanical device 
for spraying or atomising oil. It is actually a gas producing apparatus in which 
heated oil and dry steam are first mechanically mixed and then converted into a fuel 
gas which bums at an exceedingly high temperature. 

The furnace used was 7 ~ ft. in circumference, the chimney being 14 ft. higb. 
In about an hour the whole was heated to a white heat, notwithstanding that- the 
apparatus was placed 4 ft. or 5 ft. from the base of the chimney, and the aperture of 
the gas burner was only one-tenth of an inch in diameter. A temperature of 4000 
deg. }'ahr. was easily obtained. 

The first test was with a 60 lb. steel crucible charged with the most refractory 
material obtainable-New Caledonian nickel ore. This was smelted down in two 
hours. Subsequently raw copper ore without any flux was smelted in less than five 
minutes; in fact, it.melted down like so much butter. 
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The apparatus used weighed only 14 lb., and it is claimed that a plant sufficiently 
large to deal with as much ore as a small crushing plant can be placed on a railway 
truck, and, fur:ther, that it could be put up and run at less cost than the crushing 
plant. A great point in favour of Mr Cotton's patent is that it only requires a 
sufficient supply of water to run a very small boiler. 

The liquid fuel used is residual petroleum oil or coal tar, and the apparatus used 
which would have heated a very much larger furnace, consumed about two gallon~ 
per hour. 

The results of the trial in the matter of the high temperature obtained, coupled 
with the comparatively small cost of the plant, point to it being cheaper to smelt 
the most refractory ores by this process than to erect a crushing plant to deal with 
free milling stone. If the process will do equally good work on a commercial scale 
it threatens to revolutionise metallurgy.-Ne1U Zealand A[ining, Enginem'ing and 
B1tilding J01O'nal, July 9th, 1903. (C. D.) . 

PYRITIC SMELTING.-True pyritic smelting has not. yet been accomplished. By 
true pyritic smelting is meant the fusion of sulphide ores without the aid of other 
fuel than the sulphur contained in the ore itself. Still, runs of twenty-four hours at 
a time have been ma~e wit~~ut any ~lUtside fuel, ~u.t slight irregularities compel a 
blowout, and so partial pyntlC smeltmg or the additIon of some coke to the charge is 
used at present. Matte smelting as defined by Lange being "the smelting of 'ores 
composed of, containing or giving rise to sulphides for the purpose of collecting their 
slimes in a less quantity of artificial sulphides," pyritic smelting can be considered as 
a division under matte smelting, in that the matting and smelting operations are 
carried on at the same time in the mme furnace. If we compare the relative heating 
power of carbon and sulphur we find that carbon is much the better fuel, but the 
combination of sulphur, if the heat can be utilised, is sufficient to retain all the pro
ducts in a thoroughly molten condition. When pyrite is reasted we find that one· 
atom of sulphur is given off readily, but the ether one clings to the iron much more 
tenaciously, and on it~ combustion we have to rely for our smelting heat, as the first 
atom is given off at the top of the furnace and is not available. If this could be· 
utilised the calorific power of FeS2 would be 1528, but with FeS as a fuel we have 
available only 1291 calories per gram. The calorific power of carbon is 8080. 
Attempts have been made to devise furnaces which would utilise the heat of the two 
sulphur atoms, but the system of larger charging is in general use. The regular use 
of a small amount of coke has been found beneficial, not only on account of the 
extra heat, but also because of its helping to keep the furnace charges porolls. It 
will also keep solid until consumed, while the pyrite has a tendency to fuse and 
trickle down the air passages. A large volume of blast is used through numerous 
tuyeres of large area, and everything is done to make the process entirely an oxidising 
one. Since the pyrite is apt to fuse it is kept in the furnace as short a time as 
possible, whence comes the use of a short ore column. Hot blast is not essential to 
the process, but it tends to correct variation, in the furnace, causing it to run more 
regularly, and is almost a necessity when highly siliceous slags are to be used, in 
order to keep them at sufficient temperature to flow properly. Its advantages are: 
First, the extra heat it brings in causing less necessity for fuel: second, less 
fuel gave less consumption of oxygen, and so the oxidising power of the blast is not 
reduced by forming carbon dioxide; third, resulting from the higher oxidising power 
of the blast will follow a higher sulphur content of the charge; fOlll'th, it gives a 
more energetic action and increases the hearth temperature; fifth, cold blast will 
cause the temperature to rise in the shaft, while a hot blast will bring about a lower 
position of the fusion zone; sixth, the increased temperature will permit the use of 
more siliceous, hence cheaper, sla!!s. 

The advantages to be gained by pyritic smelting are enormous, and if the true 
process can be developed there will he no further fuel bills; as it is they are reduced 
more than half. There is no time wa,ted or skilled labour required in roasting', and 
the extra expense of building a roasting plant for the purpose of destroying the 
fuel which nature stored in the ore is avoided.-The Auslm/ian llfining Standard, 
July 23, 1903. (C. D.) 

RECENT INVESTIGATIONS AND DISCOVERIES IN CAST IRON. -The author shows in this. 
raper that although cast iron is one of the oldest and most universally used metals, 
there is still a good deal to be learnt regarding its properties. He refers first to a 
paper read at the annual meeting of the American Institute of Mining Engineers, in 
February, 1896, entitled "'I'he Mobility of Molecules of Cast Iron," in which the 
assumed property of cast iron of becoming brittle under repeated shocks and blows. 
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'was entirely set aside, and it was provided that, on the contrary, it was materially 
. strengthened. 'I'he Franklin Institute appointed a committee of experts to investi
gate the matter, and their report, published in July, 1898, shows a maximum gain in 
.strength on molecularly annealed (i.e., by shocks and blows) bars, as compared with 
untreated bars, of 40 per cent., and a gain in resilience, or bending quality, 
·of 41 per cent. Two important practical results came from the publication of 
these investigations. One was the increase in the practice of "tumbling" 
castings and decrease in the practice of pickling, it having been shown that 
this latter method of removing sand burnt upon the surface, weakened the bars 
to the extent of about 10 per cent., while castings cleaned in the tumbling 
barrel were always materially strengthened. Another was the introdnction of a 
clause in certain specifications for iron castings requiring that" the test bars must 
not be tumbled or otherwise subjected to shocks prior to being tested, but must 
simply have the adhering sand brushed off." The author then takes up his tale by 
introducing a fresh and hitherto unobserved characteristic of cast iron. 'Vhen a bar 
of cast iron is heated and then cooled, the molecular arrangement of the particles 
becomes materially altered, and the bar will be found to have increased in 
size, and if the alternate healing and cooling be continued, the bar may be 
expanded in bulk 40 per cent. or more over the original dimensions without in 
any way destroying its shape or appearance. The first experiments in making 
co.stings grow were by imbedding test bars in sand moulds so that they formed the 
bottom of the mould, and then filling the moulds with molten cast iron of similar 
.composition to the test bars, and allowing the whole to cool down. After six 
repetitions, it was found that the original shrinkage of the metal had been eliminated, 
and when repeated mo.ny times, the bars continued to grow longer and thicker with 
·each heating. Later experiments were carried out in a case-hardening furnace pro
vided with a pyrometer. In order to prevent scaling, the bars were placed in iron 
pipes stopped with clay and exposed to a temperature at first of 1200° F., for one 
hour and allowed to cool over night. At this temperature the expansion was slight 
and the bars required to be heated 100 times to' increase. their length an inch to the 
foot. At 1450° F., however, the rate of expansion was l, in. per heat. Mter 27 
heatings, a bar of original dimensions 14H x 1 x 1 ins. had increased in length 1 H ins. 
and an 11 of an inch in cross-section. Cost steel possesses no such property, but 
tends rather to contract. This property of cast iron finds practical application in the 
utilisation of worn or undersized castings in certain cases where a loss of strength of 
30 per cent., which is the natural concomitant of this expanding process, will not be 
.seriously felt.-Alexander E. Outerbridge, jun.-Journal of the F""nk/in Institute, 
Feb., 1904, p. 121 ef seq"ibns. (A. W.) 

REDUCTION BY MEANS 0,' CALCIU;lI CAB BIDE (F. VO:-1 KUGELGEN) . ...,- There seems 
to have been some difference between Neumann and von Kugelgen as to the pro
duction of carbon monoxide when oxides with·or without chlorides are reduced by 
·calcium carbide. Kligelgen has continued his experiments and has found that, 
though carbon monoxide was present, it was only so in a relative proportion, i.e., 
5 to 15 per cent. as against 95 to 85 per cent. carbon dioxide. When the mixture 
was made to conform to Neumann's equation 

(M"CI2 +2M"0 + CaC2 = CaCI2 + 3M" +2CO) 

·carbon was left and only about half the quantity of gaseous product was formed that 
resulted when the mixture was M"CI3 + 4M"0 + CaC2. The equation in the former 

. case was, therefore, 

M"CI2 + 2M"0+ CaC2 =CaCI2 +3M" + CO2 + C 

When the temperature of the change was relatively low, as when sand was added to 
the mixture, or when an easily reducible oxide was used, the proportion of carbonic 
oxide in the gases was much less. All exception to this was found in the case of 
stannic oxide, but this is explained by the tin oxide being less readily reduced by 
carbon than by other oxides. Neumann has called in question von Kugelgen's state
ment as to the value of the reactions in the alloying industry. But it is now shown 
that brass may be economically made from copper oxide and zinc chloride with 
calcium carbide, if the mixture be fired at one point in the cold and the reaction be 
allowed to proceed throllghout the mass without the aid of external heating. The 
crucible, containing the resulting mixture of reduced materials, is then placed in a 
pot furnace and heated to a sufficiently high temperature to run the charge together. 
In this way, there is relatively little loss of zinc chloride and practically no loss of 
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:zinc iu smelting. The materials for the charge are cheap and the calcium chloride 
'slag produced in the reaction is not without value.-C'kelnikel' Zeilllng, 1903, 27. 
(W. C.) 

REPINIXG CYANIDE BULLION.-The following is abstracted from a paper on this 
.subject, read before the members of the Charters 'rowers (Q.) Mining- Institute :-

Acid parting processes depend upon the solubility of silver, copper, lead, zinc, 
etc., in an acid, 'which will not attack the gold. Strong sulphuric acid is such an 

.acid, and nitric acid is another, but the mode of action and the apparatus required are 
quite different. The advantage of nitric acid over sulphuric acid in refining cyanide 
bullion is that most bullion contains varying quantities of copper, and this metal 
works very badly in strong sulphuric acid, although we find this metal the least 
.objectionable one in the nitric acid method. While decomposing the acid with 
formation of copper sulphate, this latter, unlike silver sulphate, is insoluble in oil of 
vitriol; hence, if present in any considerable quantity, coppcr soon acts as a pro
tector· to the bullion, and the chemical action either ceaSeS or becomes tediously 
.slow. In sulphuric acid refining it is absolutely necessary to have the proportion of 
at least two-thirds silver to one-third gold, and that the granulations do not contain 
more than 6 to 8 per cent. of copper. 

The nitric acid process is the oldest and, until a comparatively recent date, was 
the only method in use for parting gold and silver. The first notice we have of it; 
use on a large scale was in the 15th century, and proved a very profitable one, by 
some Germans at Venice, who employed it in extracting gold from Spanish silver, 
keeping their art a secret. They acquired with their wealth the title of "gold
makers" by their nlysterious operations. 

Refining of cyanide bullion by nitric acid was first instituted in Ravenswood in 1890 
or 1891, by Mr Peter McIntyre, to counteract a bank charge of Is. 7d. per ounce, 
.and an assay fee of 4d. per ounce, which were the ruling rates then for over 40 ozs. 
Parting by nitric acid is conducted on a large scale in much the same manner asan assay 
of gold bullion is made in the laboratory. It consists of the following operations:
(1) proportioning the bullion; (2) granulation of the same; (~) solution of the 
silver, copper, zinc, etc., in the acid; (4) treatment of the gold residue; (5) precipit
ation of the silver as chloride; (6) reduction of the chloride by zinc; (7) washing, dry
ing and melting the parted metals. It is, of course, desirable that the bullion should 
be approximately free from base metals other than copper and zinc. Tin, antimony 
and arsenic are especially objectionable, the two former not being soluble in nitric 
acid. They give insoluble oxides which remain behind with the gold, and must be 
removed in the crucible by suitable oxidising fluxes. 

Copper and zinc, on the other hand, act as a substitute for silver in the parting 
process, being, as they are, readily soluble in nitric acid, although the copper requires 
the greater amount of acid than if silver or zinc are used. It was originally thought 
that the proper proportion for parting was three parts silver to one of gold, hence 
the name quartation was given to the process. Experience has shown, however, 
that a lesser proportion of silver is quite as effective, and that the zinc, copper, etc., 
present in the bullion may be considered as silver for parting purposes. The pro
portion of gold to silver, copper and zinc (or silver and base), that in practice I find 
most successful is one part of gold to one and a quarter base. (At the Philadelphia 
Mint the proportion is one part gold to two and a third of silver and copper.) The 
necessary calculations having been made, the bullion bars are melted together with 
the necessary amount of scrap zinc to make to Ii base only if required, care being 
taken to oxidise the ,inc as little as possible, any oxide being taken up by the addi
tion of a little borax as flux. After the metals are thoroughly melted and mixed by 
stirring the melted mass with an iron stirrer, the slag if skimmed off and granulated 
in a bucket of water, and the metal separated therefrom by panning off. The melt, 
by means of a dipping ladle, poured into a tub of cold water from a height of some 
three feet. The ladle is given a peculiar swirling, wavy motion, by which means the 
thin stream of molten metal is broken up, when it strikes the water, into leafy 
granules and hollow spheres; this is to expose as much as possible to the action of 
the acid. The water used to granulate in should not be allowed to get too hot to 
bear comfortably with the bare hands, and no more than three dips should be allowed 
to remain at the bottom of the tub without being removed, as fresh lots would 
clinker or cohere on top of previous granulations. Commercial nitric acid can be 
used in the parting if it contains little or no chlorine, which should always be tested 
for before using, by means of silver nitrate.-Tke Australian ltIining Stand,,,,d, 
Dctober 15, 1903. (W. A. C.) 
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REFINING OF ZINC GOLD SLIMES.-It is proposed to instal a plant for refining tile
bullion by Miller's process, but as. I have repeatedly pointed out, this method is· 
slow for low.grade bullion, and needs careful attention. A much simpler plan 
would be to take the gold sludge, purified from most of the zinc and other baser' 
metals by the sulphuric acid treatment, and dissolve the gold out of this with 
chlorine in the wet way. The gold solution could be decanted and the gold 
precipitated in an almost pure state. The residual sludge of chloride of silver could 
be washed and reduced in the ordinary way. 

The method adopted by 1\11" Macfarlane at Charters Towers is also a simple and 
economical one; this was described in detail in my article on methods of ore treat
.ment in Queensland. Briefly it con.ists in melting the bullion as obtained from the 
zinc boxes so as to form a zinc-silver-gold alloy, the proportion of gold being kept at 
about 45 to 47 per cent., or a value of say £2 per oz. This alloy is granulated and 
the silver, lead, zinc and copper dissolved out with nitric acid. The porous gold 
sponge left is washed, dried and smelted, when it assays 99'6 per cent. to 99'9 per 
cent. gold. The silver is precipitated with salt, washed, and the chloride reduced 
with scrap zinc left from the turning-lathes. Many thousands of ounces were 
purified by this method, and the saving effected amounted to a very large 
sum annually. 

An even more attractive method would be to take the precipitate after treatment 
with sulphuric acid, to wash it thoroughly free from chlorine compounds, and then 
treat it with dilute nitric acid; the whole of tbe lead may be removed by this 
method, but whether the whole of the silver would be in all cases I cannot at present 
.ay.-Extract from article on Mining and Ore Treatment in W.A. by D. Clark (The 
Great Boulder Co.). Australian Mining 8tand''''d, April 24, 1902. (W. A. C.) 

REFRACTORY MATERIALS.-Basic .Matel·i,t/s.-The introduction of the basic 
Bessemer and basic open-hearth steel processes led to a demand for basic materials, 
which could be used for lining furnaces or for making into bricks, and several such 
substances are now in use. 

Maonesite.-This is probably the most valuable of all the basic materials. When 
calcined at a very high temperature it loses carbon dioxide, and the residue left is 
absolutely infusible at furnace temperatures; it is usually dark brown from the 
presence of oxide of iron; it agglomerates very little, far less than dolomite, and, 
though necessarily very basic, it does not combine with silica when the two are 
hea ted in contact, sO that when it is used in a steel furnace the basic lining and acid 
walls may come in contact without danger. The only objection to magnesite is its 
expense, there being but few localities where it occurs. The best known and 
probably the best for Bessemer converters is the Styrian (especially that of Vietseh), 
which is sold by Messrs C. Spaeter & Co., Coblenz. Furnaces lined with this matel~al 
are far more durable than those lined with dolomite. 

The followiug analyses will show the nature of the material:-

Lime 1'50 1'68 1'72 
Magnesia 47'00 42'43 44'06 
Silica 0'50 0'92 1'93 
Iron oxide} 
Alumina 4'30 { 3'56 

'31 
Carbon diOxide} 
Water 

51'00 50'41 48'02 

1. Eubrea, Greece. 2. Mittendorf. Styria. 
3. Veitsch, Styria. 

(1 and 2 by Zyromski.) 

Basic Bl·icl.:s.-For lining basic Bessemer converters and othe. purposes dolomit", 
bricks are made. The dolomite is calcined so as to expel all carbon dioxide, a much 
higher temperature being required than for calcining limestone. 'rhe more magnesia 
present the higher the temperature required, but the less the substance deteriorates. 
on exposure to the air. The calcined material is ground, mixed to a stiff paste with 
hot anhydrous tar, and the mixture is moulded into bricks under hydraulic pressure 
in iron moulds; the bricks are then carefully dried and fired at a high temperature. 
The brick press has three moulds on a rotating table, and when one mould is under 
the pressing ram another is being filled and the'brick is being removed from the 
third. 

Magnesite. is more di.mcult to calcine thm~ dolon;ite ~nd must be calcine.d at an 
intense white heat. It IS then ground, made mto bncks III the usual way, dned and 
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Notices and Abstracts 753 
fired at a very high temperature, the iron oxide present acting as a frit. These 
bricks are dark chocolate in colour, are strong, and have a very high specific gravity. 
Burned magnesite may be exposed to the air without fear of its absorbing water or 
carbon dioxide. Bauxite bricks are made by mixing the calcined mineral with 
enough clay to make it bind. 'I'hese bricks are dense, hut are usually friable. 

Jii",nace Linin.gs.-Some refractory materials are used for the linings of converters 
or furnaces directly without being made into bricks. 

Dolomite is used for lining converters for the basic Bessemer process. When not 
used in the fornl of bricks the hot mixture of dolomite and tar is rammed into place 
round a core by means of a hot-iron rammer. 

For the hearth of hasic open-hearth furnaces the magnesium lime is spread in thin 
layers, each of which is fritted by the heat of the fire before another is put in. 
Magnesite is used similarly. 

Mo>-la,-s, elc.-In setting bricks of any kind that are to be exposed to a high 
temperature care must be taken to use a mortar which has no action on them. Acid 
bricks must be set with an acid mortar, and basic bricks with a basic one. Firebricks 
are usually set in fireclay, dolomite bricks in a dolomite tar mortar, and others in a 
material as nearly as possible the same composition as the bricks themselves.
Sexton's" Fuel and Refractory Materials," pp. 317-327. (W. A. C.) 

REGENERATION OF CYANIDE.-I have just had my attention drawn to an article in 
your issue of May 30, on the" Regeneration of Cyanide Solutions after Zinc Precipi
tation," by Mr F. Andrew Crosse, and read by him before the Chemical Society of 
South Africa. 

Five years ago I devised a method for regenerating sodium or potassium cyanide 
from the double cyanide of zinc and sodiuin or potassium, and two years ago I took 
out a patent in this country (Patent No. 689,017), which was an improvement on the 
method which I had first employed. This process of regeneration is at present in 
use in several plants in the West. At the Uhloride Point Mill, Utah, when my 
process for regeneration was first installed there, the plant ran for over a month 
without the addition of any fre.h cyanide, using instead the cyanide regenerated 
from the double cyanide of zinc and potassium held up in solution. I found that to 
obtain good precipitation at the ordinary temperature with sodium sulphide, the 
double cyanide of zinc and potassium had first to be dissolved by the addition of a 
certain amount of alkali, when 60 to 75 per cent. of the zinc contents (depending on 
the quantity of zinc present, and also the amount of free cyanide f·rescnt) could be 
precipitated without leaving free sulphide in solution, but to obtain complete pre· 
cipitation of the zinc, heating of the solution had to be resorted to. 

Equation 1. 
1i!quation 2. 

Zn(CNjz2KCN + 4NaOH=Zn(ONah+2NaCN +2KCN +2HzO. 
Zn(ONa)z+2NaCN +2KCN +xHzO + NazS= ZnS(pptd) + 2NaCN + 

2KUN +4NaOH+xHzO. 

Heating of the soiution to obtain this object is not practicable, as it is neither 
necesmry nor desirable to remove entirely the double cyanide of zinc and potassium 
from solution, and a clean, active solution can be kept by the occasional precipita
tion of the zinc, as mentioned above; besides, heating the solution to a point 
sufficient to throw down all the zinc produces a reaction between the sulphide and 
cyanide, forming snlphocyanide, a compound which is much more harmful in the 
solution than considerable double cyanide of zinc and potassium. 

Another very beneficial result of the removal of the zinc by the sulphide in this 
process is that, during the precipitation, the zinc carries down, sympathetically 1 
think, other salts (such as antimoHy, arsenic, and considerable lime, as sulphate) 
which are detrimental to the solution. 

After several years' experience with this process I have never found the alkali 
increase in solution, as one would expect from the equation, possibly because in every 
case the ore on which the solution was used had an acid reaction. 

Regeneration of the sulphuretted hydrogen from the zinc sulphide, as suggested 
by Mr Crosse, has not been used here, as it was found more economical to use sodium 
sulphide (solid, containing 66 per cent. NazS), which costs from 2 to 3 c. per lb. 
delivered at the plants in 500-lb. drums. 

The cost of regeneration of the sodium cyanide from the double cyanide of zinc 
and sodium by my method is from 3 to 5 c. per. lb. of sodium .cyanide regen.erated, 
depending on the amount regenerated and the cost of chemICals at the different 
plants. 

My object in drawing your attention to this article is to show that the method 
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suggested by Mr Crosse, to be used by the cyanide operators in South Africa, has 
been in use in this country for some years.-William Orr, The Enginee1'ing and 
Mining Journal, June 20,1903. (W. A. C.) 

RE-GRINDING MACHINES.-The subject of re-grinding millstuff for further treat
ment is one which we find frequently mentioned in letters from our engineering 
friends. One engineer, writing from J ohanne;burg, says he is looking for the best 
form of grinder to reduce concentrates to a fine powder, say 100-mesh, with a view to 
extracting the gold from the pyritic portion of the ore. About 7 per cent. of all 
the ore crllshed will require re-grinding, and, as' the plant consists of 900 stamps, it 
will be seen that the problem is an important one. It would serve a useful purpose 
if any of our readers with experience in this matter would contribute their views. 

At the present time of writing it would appear as if tube-mills are giving the best 
results, that is, for fine grinding previous to chemical treatment; the re-crushing of 
middlings and tailings, previous to further concentration, being another, much 
more difficult matter. These tube-mills are in vogue both at Kalgoorlie and at 
Johannesburg. They cousist of a revolving tube running on hollow trunnions and 
half-filled with flints-hence they are often called" flint-mills "-which swash up and 
down the lower half of the circumference of the tube, in a manner similar to that of 
the pebbles on the seashore, which are moved to and fro by the surf, and thereby 
grind the detritus of the land into the sands which fringe our coasts. ~When crush
ing dry, the fineness of pulverisation is regulated by the feed of ore; when crushing 
wet, the amount of water admitted will regulate the discharge and consequently the 
deg-ree of comminution. Of course, tllbe-mills form an excess of slime, that is their 
function; consequently the pulp is well prepared for leaching or other chemical 
treatment, but, it is badly adapted for filtering or for mechanical treatment on 
concentrators, such as vanners and jigs. For preparing mill-stuff for this purpose, 
other machinery is required. For crushing dry, high-speed rolls hold their own as 
efficient granulators, although they have a practical limit as to fineness of product, 
which can be put at 3D-mesh, beyond which their employment ceases to be 
economical. Ball·mills come next to rolls for dry-crushing, but recent data appear 
to show that, while the consumption of power per capacity is larger, their initial 
cost is much greater than that of rolls, and their product is of more uneven size. In 
cement manufacture, it is now the practice to employ ball-mills for intermediate 
grinding and tube-mills for final pulverisation. For re-grinding wet material, there 
is no machine which has proved al together satisfactory. 

Here we encounter a very old problem in milling. Huntington mills are doing good 
work at Anaconda and Great Falls; while the use of them entails heavy expense in 
wear and tear, the repairs are eagily and quickly made; and the portability of these 
machines is advantageous, especially in a mountainous region. Chilean mills are 
economical in point of power consumed and present a good feature in simplicity of 
parts, but they are ponderous and heavy to repair. Recent improvements in details 
of construction, consequent upon experience obtained at Anaconda, have resulted 
in a Chilean mill which is said to do good work, and is recommended by authoritative 
millmen, especially for certain ores requiring extremely fine grinding. In the Lake 
Superior district, steam stamps have been tried for the re-crushing of jig refuse, but 
without satisfaction; indeed the whole problem of re-grinding is still in its infancy 
in the Lake region. As to stamps in general, it can be said that while they are 
cheap pulverisers, they yield a product of most uneven size. and their use entails the 
formation of a pulp ill-suited to further concentration. For the crushing of crude 
ore they are simple and effective machines, but for treating fines, with the idea of 
avoiding further classification, they are ill-adapted. Rolls are employed for copper 
sulphide ores, both at Anaconda and Great Falls, in the first crushing of coarser 
middlings; but they do not commend themselves, as a rule, for wet crushing of 
middlings and tailings to sizes below 1 '5 millimetres, which is equivalent to about 
12-mesh with No. 22 wire. In theory, roils afford free crushing, the ore being re
moved as soon as broken to the size of the opening, but in practice it is found that, 
by wear, the faces acquire an irregular surface, creating channels between the rolls, 
through which part of the pulp passes withollt being crushed: and an uneven 
product is the result. This finally causes an overcrowding of rolls and screens. 
When crushing fine this defect is accentuated, so that rolls, when reducing below a 
certain size, lose the advantage which they possess/ for crushing to sizes above this 
practical minimum, of about 1'5 millimetres. In Chilean mills there is pressure 
followed by a drag, and in Huntington mills there is more drag, tending to slime 
the product, after it has been crushed to the required fineness. Stamps do not 
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·discharge freely and, as a consequence, they pulverise the pulp after it has been 
~rushed to the dimension aimed at by the screen openings. 

The whole subject is one of great interest to those engaged in the tre1tment, by 
mechanical concentration, of ores eontaining not only gold, but silver, copper, lead, 
zinc, and, in fact, all the heavy useful metals. We have offered the foregoing 
observations as a text for discussion, and hope that many of our readers will give 
expression to their experience and opinion on so important a matter.-The Enginee>'
ing and Mining Jo"rnal, Nov. 21, 1903. 

SILVER PLATES IN MILLS.-It is highly probable that silver plates would give 
better satisfaction for the purpose of amalgamating gold ores in stamp mills than 

.siiver-plated ?opper plates; but mil1men and owners object to the initial outlay to 
provide the sJiver plates, and yet sl!vered copper plates, 01' even raw copper plates, 
.after a few years use on ore of medIUm grade becomes more valuable than the silver 
plates would be when new, by reason of the absorption of gold. Plates have been 
known to absorb large quantities of gOld, while presenting practically the same 
appearance as when new. The best amalgamating surface on a plate is a coating of 
gold, but most millmen are too anxious to secme a good clean up to allow the gold 
to accumulate any more than absolutely necessary. -AIining and Scientific Press, 
August 22, 1903. (T. L. C.) 

SOME MODERN METHODS IN ORE-TREATMENT BY CYANIDING.-'1'he sulpho-telluride 
ore of the Kalgurli Mine yields less than 10 per cent. of tbe gold present by 
amalgamation and but little over 50 per cent. by direct extraction with cyanide. 
The ore is tipped over the gri~lies on to two cone rockbreakers, and the fragments 
.(about 2 ins. in diameter) fall mto a bm, and are thence conveyed to elevated bins 
whence they are supplied to mills, in which the ore is crushed to pass a sieve of 
40 meshes to the linear inch. The fine ore is then fed into Edward's roasting 
furnaces by mechanical feeders, the initial temperature to which it is subjected 
being 450' F. and the fiMI (at the discharge end of the roaster) ll70' F. From the 
furnaces the ore is conveyed to a mixer and thence, after mixing with water, to 
hydraulic classifiers. The sand an~ co!,-cen~rates ar~ h,,~e separated from the slime, 
which is settled, and then, after agitatiOn with cyamde, IS conducted to filter presses 
whilst the concentrates are separated from the sand and the latter is treated with 
cyanide by percolation after passing over amalgamat",d copper plates and Halley's 
concentrating tables to separate a small portion of concentrate, which is then ground 
to slime in a Wheeler pan and mixed with the other slimes. Air·lifts are used to 
raise the sands to the leaching vats, in which they are treated for 12 days. The lift
well should not be less deep than the height of lift above it. The pressure of air 
should be just sufficient to force air through a pipe to the bottom of the well. On 
the Kalgurli Mine an 8 in. column raises 130 tons dry weight of sand and slime in 
24 hours, the ore having a sp. gr. of 3. The air-lifts are cheap to instal and are 
.specially useful for ,raising or.es wbic~ clog ordinary pum!?s, the .best work being done 
when the lifts are mstalled m duphcate. Although their effiCiency IS low they may 
prove as economical as pumps when continuity is essential and when loss of time and 
wear and tear are taken into account. A process of agitating the slime by com
pressed air .for three ~O?rs in pneu!llatic agi~ators is succeSSfully applied o,! !he 
Kalgurli Mme. Prehmmary expel'lments With a concentrated sand contammg 
4 ozs. 17 dwts. of gold per ton showed that after three hours' treatmcnt with cyanide 
solution in the agitators 32'3 pel' cent. of the sand had been reduced to slime and 
97 per cent. of tbe gold had been extracted. .The a$'itators are cl,!sed vessel.s, 6~ ft. 
in diameter and 13} ft. deep. They are prOVided With valved fillmg and discharge 
pipes for the pulp" and with air-inlet and exhaust pipes and overflow pipes. Each 
agitator takes 6 tons .of sli,!,e in a cyanide sol?tion.O·lO per cent. ,!f ava!lab~e 
potassium cyadcle. Flvc agitators are arranged m series, so that the all' (whICh IS 
notably chargee!. with cyanogen when leaving the first) passes through each in 
succession an initial air-pressure of 22 Ibs. per square inch sufficing for the agitation 
of the wh~le series. Higb-pressure air. at 30 Ib~. is employed to discharge the !?ulp 
into the filter-presse3. In one expel'lment With thiS plant the cyamde solutIOn, 
which initially assayed 0'10 'per cent. of potassium cyanide, gave the following 
assays from the five vats respectively after treatment: 0'06, 0'10, 0'll5, 0'll5 and 
0'06 per cent. of available potassium cyanide. The low results in Nos. 1 and 5 vats 
were due to loss of potassium cyanide, removed by the air, whilst the gain Nos. 3 
and 4 vats was explained by tbe recover.y of cyanogen mechanically carried over in 
the air from Nos. 1 and 2 vats. The gam effected by the use of the process may be 
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shown by comparing the old results, when the slimes were stirred for 24 hours bY" 
mechanical means, with those obtained by using pneumatic agitators for three hours. 
In the former case the consumption of cyanide was 21 Ihs. and in the latter case 
1 lb. per ton of ore.-E. 0. Watt, Trans. Australas. Inst. Min. Eng., 1903, 9 [1], 
76-90. The Jm<1'nal of the Society of Che1n'icallndust1'Y, September 15,1903. (A. W.):. 

STAillPS AND THEIR INCREASING POwER,-lncreased weight, high speed, the judicious. 
use of screens, low discharge and the narrowing of mortar boxes are the chief factors 
that have been instrumen tal in bringing about the steady rise of stamp duty on the 
Rand, In 1885 4'12 tons per day were crushed on an average, whilst in 1902 the 
average for the Rand was 4'86. 'fherefore, the 2845 stamps at work last year were 
equivalent to 3328 stamps of seven years ago. There were at work on the Rand' 
in 1902 five 560 lb. head stamps, 240 of 750 1o" 10 of 800 lb" 65 of 850 Ih., 33'1 of 
950 Ih., 190 of 1000 lb., 1890 of 1050 lb., 585 of 1100 lb., 1170 of 1150 lb., 360 of 120(} 

'lb. and 1910 of 1250 lb. Weight has been added to all parts of the stamps except, 
perhaps, the tappits. The following figures show that several mines are approaching 
a duty of 6 tons per day:-Rose Deep (March) 5'96, Crown Deep (March) 5'77, 
Lancaster West (March) 5·75.-Canadian Jlfininy Be];,'ew, June, 1903. (T. L. C.) 

SULPHURIC ACID MANUFACTURE BY THE CONTACT PROCESS.-G. Bodliinder and k .. 
Koppen, in the Zeitsc1"'iftju,' Elekt)'ochernie, 1903, ix. (28), pp, 559-568, (39), pp. 787-
794, state that the production of sulphur trioxide is favoured, or the complete con
version of dioxide into trioxide is approached, by increasing the oxygen concentra
tion in the reversible reaction 2S02 +02 =2S03• The reaction speed is similarly in.· 
fluenced, but while the equilibrium depends only upon the relative concentration, 
the reaction speed depends upon the absolute concentration; and increase of oxygen 
concentration may, by virtue of deoreasing the absolute concentration of wlphur 
dioxide, retard the reaction more than it accelerates it by virtue of its Own concen
tration. Dilution with excess of air retards the action at first, while it is rapid I,ut 
accelerates it greatly in the later stages, when it is slower; so that, on the wh~le a 
conversion of 95 per cent. will be reached more rapidly with excess of air than when 
only the quantity theoretically req uired is present. Experiments with the theoretical 
mixture of sulphur dioxide and oxygen diluted with different proportions of nitrogen 
showed that the absolute speeds of reaction were diminished, but the relative speeds. 
were unaltered: i.e., the amount of conversion in 10 minutes, for example, bore in 
every case the same relation to the amount in three hours. These experiments. 
showed, moreover, that the concentration of the sulphur trioxide formed also 
influenced the speed of reaction (retarding it as it increased), though the reaction at 
these low temperatures is not reversihle, since the sulphur trioxide does not dis
sociate: Experiments showed also that excess of oxygen hastens the completion of 
the oxidation of the sulphur dioxide, so that although at first it causes a retardation,. 
,t effects, on the whole, an economy of time, and therefore a saving of space and 
.ontact-substance. When platinum is used as the contact-substance, the reaction 
'peed is sufficiently great for carrying out the process at temperatures well below that 
of incipient dissociation of sulphur trioxide, but with other contact· substances a, 
sufficient reaction speed can only be attained at tempelatures at which the dissocia
tion-pressure of sulphur trioxide has notable values. The effect of pressure above' 
atmospheric is favourable to the reaction. When there is excess oxygen in the gas the 
effect of increase of pressure is very considerable. Inasmuch as increase of pressure 
also raises the speed of reaction, the use of high pressures on an industrial scale 
seems to be a possibility for the future,-Eng. and Min'ing Jou,.., Dec. 5, 1903. 
(C. D.) 

THE ABSORPTION OF SULPHUR BY GOLD.-Mr William Skey finds:-
1. That numerous samples of bright, clean looking gold, of all degrees of fineness, 

refuse to amalgamate on any part of their natural surface, thougb taken directly' 
from the reef and untouched by hand. 

2. That on such surfaces sulphur is always present. 
3. That native gold, or gold in a pure state, readily absorbs sulphur from mOist. 

sulphuretted hydrogen or sulphide of ammonium, and absorbs it directly when 
administered in boiling water. / . 

4. That surfaces so treated refuse to amalgamate, though no apparent change· 
can be observed in their aspect, 

5. That gold so affected is rendered amalgam a b1e by rcasting in an open fire, unless-
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·copper is present to the extent of 7 per cent. (or, perhaps, less), while the same 
~tIect is produced by the contact of cyanide of potassium, chromic and nitric acid 
and chloride of lime acidified. 

6. That this absorption is altogether of a chemical nature. 
7. That sulphates of iron in presence of air and water, decomposed various metallic 

,sulphides common to auriferous reefs in such a manner as to liberate sulphuretted 
hydrogen. 

That action of sulphuretted hydrogen.upon gold, in rendering it non.amalgamable 
when placed in contact with mercury, was demonstrated with striking effect by the 
author .... 

From these results the author has been led to suppose that a large area of the 
'natural surfaces of native gold is covered with a thin film of an auriferous sulphide, 
.and that the greater part of the gold which escapes amalgamation at the battery is 
represented by that portion of this sulphurised gold which has remained unabraded 
.during the processes of milling or extraction from the reef, the state of the gold, 
rather than that of the mercury, therefore, being the greatest impediment to 
thorough amalgamation.-" Mining Statistics West of Rocky Mountains," by P. W. 
Raymond. (Washinb>ton, 18i2.) (S.H.P.) 

THE ApPLICATIONS OF ELECTRICITY TO METALLURGY.-The author begins with a 
·definition of metallurgy, then classifies the modes of occurrence of the commoner 
mctals as follows. Those occurring (n) native-gold, platinum, bismuth; (b) as 
.oxides-iron, tin, aluminium, chromium, titanium, vanadium, uranium; (c) as sul
phides-lead, tin. antimony, copper, nickel, mercury, silver, molybdenum, cadmium. 
Then he proceeds: Electricity is used to assist the met.allurgist in three funda· 
mentally different ways, namely, (1) mechanically, (2) thermally, (3) electrolytically, 
~ 1) Mechanical applications include all those mechanical processes which, when 
l1pplied to ore or metal, aid in its extraction. It refers particularly to the electro. 
magnetic and electrostatic concentration of the heavy metallic parts of ores with the 
rejecting of worthless gangue material. Electro·magnetic processes are rendering 
important service to the iron industry, making it possible to use ores which would 
otherwise be too impure for treatment, this adding largely to the available supply. 
An electrostatic treatment devised by Blake and Morscher consists in bringing a 
mass of ore and gangue particles into contact with a statically charged metallic 
.surface. Generally speaking, sulphides, etc., are good conductors, whereas gangue 
of quartz, lime, etc., is a poor conductor. Zinc blende, however, is a poor conductor, 
.so can be separated from pyrites, galena and chalcopyrite. This process gives 
promise of being of use in the treatment of mixed complex sulphide ores. 

(2) Thermal methods: Where the energy of the electric current is converted into 
heat, which may in turn be used physically for melting, volatilisation or merely 
heating, or chemically for purification or reduction. These Can be divided into two 
classes, those operating by an arc and those operating by the incandescence of an 
electrically heated conductor. In the first class Moissan, the great French chemist, 
has been the chief investigator, and his researches are embodied in his classical work, 
" Le Four Electrique." Several commercial processes now in vogue unite the heating 
by arc and incandescence, e.g. the Hall method of heating and purifying bauxite. 
Quite recently l\ir Tone, of the Niagara Falls, has devised a furnace for the reduction 
()f oxides whose temperature of volatilisation lies close to the temperature of reduction, 
.and this has resulted in the production of silicon at a low cost by the reduction of the 
oxide with carbon. ~teel is also produced by the electric furnace, the Gin and 
Kjellin types being commercially sllccessful, so much so that they can compete 
already with the crucible furnace for manufacturing high grade and special steels. 
By the passing of tbe current through a conductor in a granular condition so as to 
diffuse the heat developing po weI' and make the local resistance at the contact points 
very high, E. Cowles has produced aluminium alloys with copper and iron, copper 
.alloys with silicon, etc., and this has been used latterly very largely for steel alloys 
with manganese, silicon, chromium, tungsten, molybdenum, etc. The particular 

.advantages of electric furnace heat are-
(n) It can be generated up to 3500° C., which is at least 1500° higher than can be 

obtained in fuel·fed furnaces. 
(I)). It is applied internally or in such close contact with the material to be heated 

that it is greatly more efficiently applied than the ordinary forms of heating. 
For a given heating effect the electric heat can be applied at an efficiency of 75 per 

-cent., whereas the heat of combustion of coal is at most applied at an efficiency of 
.25 per cent. 

(:3) Electrolytic methods may all be classed under three hcads-
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(a) The material treated is the electrolyte or part of it. 
(b) The material treated is the anode or in contact with the anode. 
(e) The material treated is the cathode or in contact with the cathode. 
'rhe electrolyte may be a solution in water or a fused salt. 
The first method has given us electrolytic sodium, potassium, lithium, calciumr 

barium, magnesium, aluminium, manganese, titanium, chromium, etc. The principle 
may be applied in two ways, first, a fusible compound of the metal desired may be 
directly fused and electrolysed. In this manner Davy obtained sodium and potassium 
from the fused bydrates ; Bunsen magnesium and aluminium from their chlorides; 
Deville aluminium from its fluoride, Guntz lithium from its fused chloridc, and Ash
croft and Swinburne havc recently extracted zinc commercially from its fused 
chloride. Secondly, a fusible salt may be obtained to dissolve the compound to be 
electrolysed, the former being electrically more stable than the latter. This is 
utilised in Hall's method of producing aluminium. ~.Alumina is dissolved in fused 
sodium fluoride and aluminium fluoride, and the direct current passed through the 
former being electrolysed. The application of this principle to other metals opens 
up a large field of research, which would probably bear good fruit. This class also 
includes the electrolysis of aqueous metallic solutions, e.g. the precipitation of 
copper from waste calcium sulphate solutions, using soluble iron anodes; also the 
precipitation of gold from cyanide solutions by the Siemens-Halskc process; also the 
refining of impure mctal is carried out by using it as an anode, as for cappel', silver, 
gold, nickel, antimony, zinc, and bismuth; and lastly, aluminium, by using it as a. 
melted anode in a fused salt as electrolyte. Lastly, by using the material as a 
catbode or in contact with the cathode, IIII' Salam has devised a method of producing 
spongy lead from galena. The electrolyte is dilute sulphuric acid, the anode and 
pathode sheet~ of hard lcad containing antimony and the pulverised galena is placed 
in a layer k-in. thick on the horizontal cathode. The sulphur is removed as 
sulphuretted hydrogen, leaving the spongy lead in situ. Copper and silver 
sulphides are similarly reduced.-J. \V. Richards.-Teclmolog.'l Qua1'lel'l!l, vol. xvii." 
No.1. (J. A. W.) 

THE MOORE PROCESS' FOR TREATING SLIMEs.-This process has been designed 
for the treatment of low-grade slimes, which are too poor to meet the high charges 
of the filter-press or decantation methods of treatment, and also possess the dis
advantage of losing soluble gold by imperfect washing. 

The principal features of the process lies in the filters, which, as in operation at. 
the Consolidated M.ercur Mine, are described as follows :-

The filters consist of a series of parallel plates 4 ins. apart. Each plate is 20 ft. 
long and 4 ft. bigh, and is simply a light framework with canvas on both sides. A 
suction pipe passes through the top, at the centre, down to within ~ in. of the 
bottom, while two blowing pipes also enter at the top, each one half way between 
the centre and ends, and extend barely through the top. Eighteen of these parallel 
plates are attached to channel irons crossing their tops, forming one basket of filters 
or. one unit. Each machine has a total filtering surface of 2880 sq. ft. 

On the top of the plates, and connected to tbeir suction pipes by a 3-in. cross pipe, 
rests a 5!-in. and 8-in. by i-in. vacuum pump of tbe Dean pattern. The whole 
basket hangs by eight wire cables from an electric crane, which raises and lowers the 
basket and carries it from one compartment of the tank to another. This tank has 

. three compartments, containing slimes, weak cyanide solution and wash water. Just 
beyond the wash-water compartment is the discharge point, simply an open space 
under which the tailings can stand to receive their load. 

In operation the filter basket is lowercd in the slimes compartment and the pump 
is started. 1'he slimes are agitated to preyent settling. After onc or two bours
the time varying with tIle. character of the slimes and with the thickness of the pulp
there is a coating of slimes on all parts of the filtering surface of from if in. in tbick
ness, representing from 9 to 12 tons of slimes, dry weigbt. 

During this time the pump is continuously dischargiug clear gold solution. The 
motor on the crane is then started, and the basket, with its load, is lifted out of the 
slimes compartment, the operation requiring 40 secs. The crane is then moved over 
the weak cyanide compartment of the tank, and the basket lowered; 20 mins. in this 
tank and 10 mins. in the wash water is sufficient for complete displacement of the 
valuable solutions. During all this time the pump is in operation, and the vacuum 
produced prevents the cakes from dropping oft' during the transferring. Having 
arrived at the discharge point, the vacuum pump is stopped and a blast of air turned 
into a pipe connecting with the blowing pipes of each plate; .the waste slime cakes,. 
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deprived of all their soluble gold, are dislodged and drop into thc cars below, so that 
from 9 to 12 tons are discharged and loaded in a bou t 1 min. ' 

Each filter handles about 75 tons daily, and one man operates four filters. The 
wear on the cloths is very slight, cloths in use six months on an experimental plant 
showing no deterioration. . 

The vacuum pumps are worked by air, and hold a vacuum of 18·20 ins. of mercury. 
This discharged solution is absolutcly clear. The advantages claimed for this method 
of treatment are :-

1st. Saving in labour. 
2nd. Saving in extraction. 
3rd. A saving of over 50 per cent. in cost of installation. 

The saving in ~xtraction is claimed to be due to the even resistance offered by the 
-cakes to flow of solution and wash water and their perfect condition for washing, and 
in practice all the soluble gold is recovered. 

At the Consolidated MercU!' Mine the tailings of sands and slimes a'say from 40 to 
45 cents, a saving of 80 cents, over the old system with a daily tqnnage .of 1000 tons 
(1) The saving of labour amounts to 40 cents per ton. 

The process is at work on one other mine, and a 100 ton per day plant is being 
erected in another district.-frlin-ing Reporter, Denver, Colorado, Nov. 12, 1903. 
(G. A.) 

THE SCHUCH CYANIDE PROCESS. -The Schuch cyanide process, which is a com
bination of old and well-known principles of handling the low grade ores of 
Summitville (U.S.A.), has proved a success. It is claimed for the method that it 
saves on small runs from 95 to 97 per cent. of the value of the ore, and that it will 
save, when large machinery is put in, at least 93~ per cent. In the first place the 
ore is reduced to 60 mesh. It is placed in the tanks with an equal cyanide solution, 
bulk for bulk, which is superheated by steam. Compressed air is introduced through 
the bottom of the tanks, which are air-tight, and the pulp is hcld in the solution by 
a system of agitators, which revolve in opposite directions. Thus the cyanogen is 
confined and permitted to attack the fine particles of flour gold which otherwise 
escape. By this method the flner particles are the first to yield to the treatmcnt 
and be taken into the s"lution itself. The warm condition of the solution renders 
it more active, the perfect agitation prevents the" blowing" of holes through the 
solution itself, and the result is perfect treatment within a period of a few hours. 
Thus a smaller percentage of the values escapes. 

The precipitation method is one of the pateuts. 'rhe solution, as it comes from 
the agitator, is first passed through a series of boxes containing limestone, which 
gradually decomposes in the warm solution of cyanide. It then passes through a 
series of wood ashes and a filtering material made of asbestos wool. This method 
of first refining the solution, beforc it passes through thc zinc shavings, has proved 
itself to be a feature of importance, taking out these impurities, leaving the solution 
clear and active for the zinc shavings to readily take up the gold contents. By this 
method there is a certain galvanic current created, making nearly an absolute 
deposit of the gold contained in the solution. The process itself was invented and 
brought out in Cripple 'Creek, Col. Whilst the experiments were conducted for 
several years in the Cripple Creek district, new and important fcatures have shown 
themselves, until the process has been finally perfected. Hence to-day, any orc, 
gold bearing, being free from copper, or, in other words, not exceeding 3 per cent. 
copper, can be treated in from four, six and eight hours' time. After the ores are 
discharged on the agitator the tailings are allowed to settle, the solution drawn off 
and the cyanide is carefully washed and the residue is then run over Wilfley tables, 
so as to extract as much of the remaining valnes as possible. 'rhe mill is entirely 
automatic in its action, requires less space and expense of operation than is the 
usual case, while the short period of time required to render resnlts forms an 
attractive feature in this method. Metallurgists have battled with the ores of the 
Summitville section for many years, but have been unable to save the fine gold, 
which, in different methods tried, have either failed to yicld to the form of treat
ment or ha~e been carried away in the slimes. The Hartford Gold Extraction 
Company, of which 1111' Schnch is the vice-president and general manager, owns the 
process.-The A'I<stral'ian llIin'ing Standard, Sept. 3, 1903. (C. D.) 
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Notices  and Abstracts. 761 

THH; USE OP CYANIDE OP SODIUM.—Until recently the cyanide generally employed 
for  gold extraction purposes was the standard 98-100 per cent, cyanide of  potassium. 
The cyanide, although sold as "cyanide of  potassium," was in reality a double salt, 
•consisting of  a mixture of  the cyanides of  potassium and sodium, as it was found  to 
be impossible (without an impracticable amount of  chemical refining)  to obtain 
.commercially even 98 per cent, with the use of  potassium alone. It is, of  course, 
-well known that it is the cyanogen contained in the cyanide which is the active 
gold-extracting constituent, and that with a given cyanogen strength it is immaterial 
whether this cyanogen is in combination with potassium or sodium, so long as the 
product does not contain any impurities which will act detrimentally on the extrac-
tion of  the gold. As the chemists at the mines had become accustomed to the use of 
•the double salt, aud in some cases objected to any alteration from what they had 
been in the habit of  using, most of  the manufacturers  were content to continue 
•supplj ing the usual strength, although they were aware that it contained from 15 to 
30 per cent, of  useless, though innocuous foreign  matter. 

The recent development of  the electrical industry, especially in its application to 
chemical manufactures,  has, however, almost entirely revolutionised the cyanide 
trade. Dr James B. Readman, of  Edinburgh, having patented a method for  the 
electrical production of  barium cyanide and its subsequent conversion by means of  a 
wet chemical process into sodium cyanide, the Scottish Cyanide Co. "Ltd.—the 
pioneers of  the sodium cyanide industry—purchased his patents and erected what are 
now" undoubtedly the largest and best equipped cyanide works in the world. The 
works are situated at Leven, in Fifeshire,  where, in addition to being in the centre 
of  the Fife  coalfields,  and, therefore,  in a position to obtain cheap fuel  for  the 
electrical plant, they have the unique advantage in this country of  a large water 
power, consisting of  the whole of  the overflow from Loch Leven, for  driving the 
chemical and refining  portions of  the works. The plant, which has cost nearly 
£200,000, is now able to produce in large quantities a cyanide of  much higher 
strength and greater purity than anything that lias hitherto been employed. A not 
unnatural prejudice was at first  found  to exist amongst mining engineers and 
chemists in favour  of  the article they had been accustomed to use, but the undoubted 
superiority of  the new cyanide, both as regards construction and cost, has, so com-
mended it, that ill nearly all up-to-date cyanide plants the single salt cyanide of 
sodium has quite superseded the old double salt. In consequence, many of  the 
manufacturers  have altered their process, and are now producing only sodium 
cyanide (except for  orders where, for  special reasons, the double salt is still insisted 
upon) notwithstanding the fact  that, on account of  the nature of  their plant, they 
can still only produce it in the old fused  state. For the benefit  of  those who have 
not had an opportunity of  testing the new cyanide", it may be advisable to state 
briefly  the advantages claimed generally for  cyanide of  sodium as compared with the 
double salt cyanide of  potassium, and particularly for  the cyanide of  sodium winch 
is prepared by the wet process, and supplied in briquette form,  as compare i with the 
older fused  article. This special cyanide sent out by the Scottish Cyanide Co., is 
produced in the form of  snow-white flakes,  which are subjected to a pressure of 
about 3 tons per sq. in., and are thus compressed into hard bricks of  equal weight 
and rendered free  from any objectionable dust. The advantages may be summed up 
as follows—higher  cyanogen strength, greater extractive power, decreased freight 
charges, greater solubility, freedom from alkaline sulphides, and saving of  labour at 
the mines. , .. 

Higher  Cyanogen Strength.—It is still customary to state the strengths of  all 
cyanides in terms of  potassium cyanide, and the sodium cyanide now in use is there-
fore  sold as equal to a given strength of  cyanide of  potassium, say 120 or 12o per 
cent, cyanide of  potassium, as against the old standard 98 to 100 per cent. 100 lbs. 
pure potassium cyanide (KCN) contain 60 lbs. potassium and 40 lbs. cyanogen, 
whilst 100 lbs. pure sodium cyanide (NaCN) contain 46'9 lbs. sodium and 53Ί lbs. 
•cyanogen. The sodium cvanilo is thus relatively richer in cyanogen than ithe 
potassium cyanide, since Ϊ00 lbs. of  it contain 53"1 lbs. of  cyanogen, as against 
40 lbs. cyanogen in an equal weight of  potassium cyanide, ^luother words, 100 lbs. 

of  pure sodium cyanide will dissolve as much gold as ' jg = 1327 lbs. of  pure 
potassium cyanide. Or for  trade purposes, where, as already stated, it has always 
been customary to refer  the strength of  cyanide to potassium cyanide, the above 
pure sodium cyanide would'contain cyanogen equivalent to 1327 per cent, potassium 
cyanide and therefore  100 lbs. weight of  pure sodium cyanide would dissolve as 
•much gold as 1327 lbs. of  pure potassium cyanide. But,· in addition to carrying 
this greatly increased proportion of  cyanogen in a given weight, it is also claimed 
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for the new cyanide that, strength for strength, it has a higher extractive power,. 
no doubt "wing to its freedom from objectionable impurities. 

Greate1' Ext,-active Power.--Messrs Johnson, Matthey & Co., Ltd" the well-known 
assayers to the Bank of England and His Majesty's !'IIint, recently made some com
parative tests between a well-known make of cyanide of potassium (double salt) and 
the Scottish Cyanide Co.'s cyanide of sodium. The results showed that" with solu
tions of exactly similar strengths, the gold extraction with the sodium cyanide was· 
5'93 to 7'99 per cent. better than with the double salt potassium cyanide." Conse
quently, 100 lbs. of cyanide of sodium testing equal to 125 per cent. potassium 
cyanide would extract as much gold as 132 to 135 lbs. of the usual 98 to 100 per 
cent. double salt. 0 

Decreased Freight Charges.-It is evident from the above that purchasers of the· 
ordinary 98 to 100 per cent. double salt are simply paying extra freight and inland 
carriage on the impurities added, instead of obtaining a comparatively pure article 
of at least 20 or 25 per cent. higher strength. The Board of Trade Blue Book, 
containing the report of Mr Henry Birchenough, the Special Commissioner recently 
sent out by the British Government to inquire into the present position and future 
prospects of British trade in South Africa, contains the following: "The metal .. 
lurgical chemists report that the average strength of cyanide of sodium is 20 per' 
cent. greater than that of cyanide of potassium, so that, even allowing for a· 
difference of price, there is a considerable saving of freight and railage on the 
decreased bulk of material carried." 'rhe first cost, however, strength for strength,. 
is usually in favour of the sodium cyanide, and it will be seen that, with sodium 
cyanide equal to 125 per cent., the total costs for freight and handling are reduced 
by one-fifth. This reduction on the heavy freights and inland carriage, along with 
its slightly lesser initial price, very considerably reduces the cost of the cyanide· 
delivered at the mines. 

Greater Solubility.-Owing to the double salt being in every case supplied in a 
fused state, mechanical means must be used for mixing the cyanide in the dissolving 
tanks at the mines. The Scottish Cyanide Co.'s cyanide of sodium, being in the· 
form of firmly compressed flakes, dissolves almost immediately upon being brought. 
into contact with the water in the tank. Experiments showed that the time required 
for dissolving the fused double salt was (1) with agitation, 40 per cent., and, (2~ 
without agitation, SO per cent. greater than the time required for dissolving a. 
similar weight of compressed cyanide of sodium. 

F,·eedonLfi·01n Alkaline Sllll'hides.-It has been found that it is almost impossible 
to obtain the fused double salt absolutely free from alkaline sulphides. Indeed, Dr 
Jacob Grossmann, in a paper read before the Society of Chemical Industry in 
London on December 7, 190:i, stated: "1 have never corne across cyanide produced 
in that way which does not contain at least traces of sulphide, whereas cyanide 
made by the wet process is absolutely free from it." Although it has long been 
recognised that the presence of even a small quantity of alkaline sulphides has a. 
most prejudicial effect in retarding the action of the cyanide on the gold in the ore 
under treatment, it is strange that sufficient importance has not hitherto been 
attached to the selection of a cyanide free from sulphur in this objectionable form. 
This was no doubt due to the belief that absolute purity in that respeet could not be· 
attained. The serious results of even a very small trace of sulphides in the cyanide 
in delaying the proper extraction of the gold have been demonstrated by the late. 
Mr William Skey, Analyst to the New Zealand Go,-ernment. "Experiments sb.owed 
that while pure 1 per cent. cyanide solution dissolved a given weight of _gold in ten 
minutes, a solution of the salt of the same strength, but containing TIT"," .. part of 
sulphur as a sulphide, required two hours to dissolve the same weight of gold. The 
speeds were as 12 to 1 in favour of the pure cyanide" (PARK, "The Cyanide 
Process," 1904, p. 14.) As a result, it has usually been found necessary to add a 
certain amollnt of acetate of lead to the ore in the cyanide vats to counteract the 
effects of the sulphides in the cyanide used. By the use of the wet process the 
Scottish Cyanide Co. produce a cyanide which is guaranteed to be absolutely free 
from any trace of alkaline sulphides, and the treatment with lead acetate, which is a 
costly chemical at the mines, can therefore be entirely dispensed with, unless such 
treatment is required for the purpose of neutralising sulphides present in the ore 
itself. It is, of course, clear that anything that will hasten the action of the cyanide 
on the gold must tend not only to increase the capacity of the plant by enabling a 
greater number of charges to be put through in a given time, but also to lessen very 
materially the loss of 'cyanide in the course of the treatment of ore. 

Sa~ing of Labou,",-b'rom the foregoing it will be seen that with the new high
strength cyanide of sodium the labour at the mines is very considerably reduced: 
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(1) The bulk of cyanide to be handled is reduced by at least one·fifth; (2) the 
cyanide being compressed into bricks of equal weight, any required quantity can be 
added to the dissolving vats without the trouble of weighing; (3) owing to the 
greater solubility of the cyanide the solution can be prepared in a much shorter 
time and without agitation; (4) owing to its freedom from alkaline sulphides, the 
time during which the cyanide solution must remain in contact with the ore is 
enormously reduced; (5) the time required for washing the gold·bearing cyanide 
solutions from the residual sands or slimes is also greatly reduced. On this point 
Messrs Johnson, Matthey & Co., Ltd., referring to their tests, state: "The 
resultant tailings, after treatment with the Scottish Cyanide Co's sodium cyanide, 
were much more readily washed than those from the potassium cYllnide."-Robert 
B. Lawrie, F.C.I.S.-The .Mining Journal, April 9,1904. (C. D.) 

TREaTMENT OF GOLD SLIMES IN VENEZUELA.-The follO\~ing notes aud data, giving 
the results aud difficulties encountered during the treatment of 3835 tons of slimes, 
are written not with a view of showing how to treat slimes, but with the hope that 
they may be cif use or interest, and, perhaps, elicit some further information on the 
subject, the want of which was always felt by the author. 

Natm'e of Sl·imes.-The ore from which the slimes were chiefly produced consists of 
decomposed Blaty rocks and schists impregnated with oxide Of iron, and known as 
"cascajo." It invariably forms the filling matter where the quartz reefs have split 
near the Burface, and also the footwall of what are locally called "cantera" lodes. 
When stamped through 30·mesh screen it produces at least 40 per cent. of slimes, 
i.e. material which will pass through a 90·mesh screen. These slimes are similar to· 
clay and almost plastic to handle. 

Plant.-One of the chief difficulties met with was the variable consistency of these 
slimes, which had been deposited over a number of years. 

The plant was erected to treat a deposit of old slimes as well as the slimes produced 
in the mill. The plant consisted of two H·ton Johnson's filter presses, one "monteju," 
one agitator, one air compressor, two au' receivers, two solution pumps, engine for 
driving agitator and elevating slimes, boiler and feed pump, and the necessary 
solution tanks, precipitation boxes, etc. 

The agitator was constructed from an old settling pan 8 ft. diameter, driven by 
gearing from below. 'l'be slimes were agitated by means of four arms carrying four 
plates, giving an upward current, and four plates similar to those used in Wheeler 
pans further helped agitation and disintegration. The speed was 30 revolutions per 
minute. 

Proce.,. (Agitalion).-The agitator, which was charged separately for each press, 
was first filled with water containing 2~ lbs. potassium cyanide in solution. Dry 
slimes were then added until the consiBtency was nearly one; 1, the water being 
slightly in excess. When the mill was running wet slimes were run in instead of 
water and the dry slimes added as before until the right consistency was obtained. 
In this case the charge consisted of 75 per cent. of the dry and 25 per cent. of wet 
slimes by dry weight. The agitator was kept running while being charged, and, 
when full, waS run for another 45 to 50 minutes. 'l'he sulution usually showed 0'07 
per cent. potassium cyanide, and occasionally 0'01 to 0'02 per cent. potassium 
cyanide, when caustic soda was added to neutralise. 

Charging Presses.-The slimes were then run into the" monteju," and from there 
were forced into the presses by air at 90 lbs. pressure, the time for filling averaging 
]5 minutes. The eflluent solution was run into settling tanks and then through zinc 
boxes. ItB average value in gold contents was 3 dwts. and 0'04 to 0'06 per cent. 
potassium cyanide. The cakes were then washed with water at 80 lbs. pressure, the 
water being forced through by compressed air. At first 24 cubic ft. were forced 
through each press, but it was afterwards increased to 30'4 cubic ft. The effluent 
solution showed from 0'03 per cent. potassium cyanide at the commencement of 
washing to 0'02 per cent. at the end. 'l'he gold content. ran as high as 4 d wts. per 
ton at the commencement to 2 dwts. at the end, the average being 1'5 dwt. per ton. 
Washing took from 35 to 50 minutes, varying with thc nature of the slimes. The 
cakes, which held 25 per cent. moisture, were then discharged from the press, which 
was prepared for the next charge. The time required for this operatiol). was 15 to 
25 minutes, and during this period the next charge would be got ready and the other 
press filled. Taking the maximum time, this ga"e 75 minutes to each press. In 
practice this worked out at 7 to 10 presses per shift of 12 hours, including stoppages, 
or 630 tons per month of 28 days. 

Precil'itation.-The solutions were run through ordinary zinc boxes, 1 cubic ft. of 
zinc shavings being used to every lit ton of solution per 24 hours. Owing to the 
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764  Notices  and Abstracts 
strong and wash solutions being mixed the strength in both potassium cyanide and 
in gold contents was low; lead acetate was always used and P r e « P l t a t ' o n 
invariably sood ; the solutions entered the boxes averaging 2 dwts. to 3 dwts. per 
ton and left  them only showing a trace of  gold. The only difficu  ty w h M t o » u ™ d 
in this stage of  the process was due to fine  slimes which escaped from ^ Presses and 
were carried through into the zinc boxes ; these covered the zinc and » j ^ n e d the 
surface  of  contact. These slimes also gave a great deal of  trouble in c e .ning 1IR as 
they had to be separated from the zinc slimes, which would otherwise have been 

d l The rinc slimes were treated with acid in a wooden agitator, in which they were after-
wards repeatedly washed, the wash liquors being pumped off  through a s m a l l Uter 
press until only a trace of  zinc sulphate was left.  The precipitate was then pumped 
Fnto ihe press, taken out and dried to a red heat, ^ e roasted cake averaging 30 per 
ient. bullion. It was then smelted with 374 P f  cent, borax glass, 20 per cent, soda, 
and 5 per cent sand. The bullion averaged 750 fine. 

ThePbest results were obtained when treating very dry and crumbly 3;hmes 1 laving 
a moisture of  10 to 15 per cent, and containing a small amount (about / 2 per cent) 
of  sand. U. , sand which remained on a 90-mesh sieve But when treating si mes 
•which were not dry enough to break up easily the residues were always high , they 
also took much longer to disintegrate in the agitator. 

As regards results, the average value in gold for  3835 tons was SO dwts per ton 
and the average residue 1-93 dwt. per ton, giving an apparent extraction of  b& 3 

PeThisntr'esidue is certainly high, and is due to the high residues obtained from the 
sticky slimes; but as these were usually richer in gold values the percentage of 
extraction waL not much lower than in the drier slimes, which were lower m %alues, 
with corresponding lower residues, averaging l'O dwt. per ton. 

The actual gold recovered was 60-6 per cent., or 3'38 dwts per^ton and the 
balance, 4'7 per cent., remained as zinc precipitate mixed with the fine  slimes 
mentioned before,  which were recovered at the clean-up. 

The amount of  cyanide used for  the -3835 tons was 06,1lbs., or 1'47 b per ton 
The actual consumption was very low, as seen by the strength of  the solutions. This 
apparent consumption could be lessened by using the solutions a second time Ihey 
were, however, usually pumped up to the cyanide works and used as wash solutions 
" " τ ^ costs,' which were made up of  three principal items-labour, cyanide, and 
cordwood—were in the following  proportions :— 

T , 37'75 per cent. Labour . . · · · ·  oo-iR 
Cordwood " 
Cyanide g s » 
Repairs . . . · · • ηί-οκ 
Sundries Μ „ 

The cordwood consumption was 2Ό6 cords per 24 hours, and, with the cyanide, 
made 110 73'68 per cent, of  the total stores. 

The foliowingPfigures  shows the total results obtained for  seven months, December, 
1901, to May, 1902—period, December 1, 1901, to May 18, 1902 :— 

Tons treated I8 3 . ' ! , , 
Average assay of  fill  . . \ 3 ' d w t ' 

„ ,, residue . " _ „ . ,, 
Apparent extraction . • · · Q.QS " =60 "I 
Actual ,, · · · ' •" 

-Science and Art of  Mining-The  New  Zealand Mining,·  Engineering and Building 
.Journal,  September 3, 1903. (C. D.) 

TREATMENT OF SLIMES BY C Y A N I D I N G A N D ELECTRICAL PRECIPITATION OX M E R C U R Y . 
s l i m e s filter-prc,sing  after  agitation as P - t i s e d in W e s t e r n ^ * * * 

0ffl„„i·  · tv,p Slimes too may be readily washed, so that the extraction uy 
this process is good but the high working costs, due chiefly  to labour compressed 
air and genera? upkeep, restliet its application to high-grade material The 
decantation method, as used in South Africa  allows of  low w o r k i n g costs but 
it a so rives low yields, owing to imperfect  working ; moreover, the s o l u t i o n to be 
handled ^ very^voluminous. In either case the solution must be c l e a r before  precip-
itation by means of  zinc can be attempted. Tlie advantages claimed for  electrolytic 
•precipitation of  gold on mercury are as follows  :-Extraction and precipitation may 
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be affected without filtration; the solution need not be clear for precipitation; the· 
precipitation is equally good whether from strong or very weak cyanide solutions; 
the presence of copper salts is not detrimental; the gold is recovered as an amalgam, 
which only requires retorting and melting; amalgamation of slimes beforehand is un
.necessary, as any coarse gold present is amalgamated during precipitation. The· 
essential features of a mercury cathode are thus summarised: The surface of the 
mercury should be as large as possible and be kept in a perfect condition by some 

·simple means; the minimum quantity of mercury should be used; and the right 
current should be employed. 

The Riecken Process has been employed at the South Kalgurli Mine since December, 
1900, about 3000 tons per month being now treated. In this process an iron vat is 
used with vertical ends, 11 ft. high by 8 ft. wide, with inclined sides 13 ft. long, and 
rounded bottom. It holds 17 tons of ore. Paddles mounted on a horizontal shaft. 
passing through stuffing boxes at the ends are rotated at 12 revolutions per minute. 
The sides and bottom form the cathode and are lined with amalgamated copper 
over which mercury is kept flowing, being drawn off from below and elevated by 
compressed air to the top of the vat. Iron bars 3 in. by 1 in. suspended about 18 in., 
from the bottom, serve as anodes. The discharge value for the pulp is placed 4 in. 
from the bottom, and the mercury remains in the vat during the discharging period. 
About 400-1iD0 lbs. of mercury are required for one vat . 

. Mumford·s Electro-cylinde7' consists of a steel-plate cylinder, lined with amal
gamated copper and with wooden ends; it is supported on rollers and rotated at 
5 revolutions per minute. The anodes are 2 in. round iron bars, supported from 
end to end of the cylinder, and making electrical contact by means of brushes out
side the cylinder at one end. Wooden bars to assist the agitation are similarly 
supported. A 6-in. valve with an elbow is placed at one end, 3 in. from the bottom, 
for use as a discharge in that position, or as an inlet when the cylinder is turned 
through a half-revolution. A spring-valve for the escape of gases is also provided, 
opened automatically by a tappet when it is at its highest point. A locked mercury
cock is placed in the periphery of the cylinder. In use, mercury is charged in until 
it is ~ in. deep on the bottom, and the cylinder is filled with charge to within a few 
inches of the top. The whole is then rotated on its horizontal axis at 5 revolutions. 
per minute, and current is supplied at a density of 0'5 amp. per square foot of the 
amalgamated copper cathode surface. The latter is kept clean by its frequent. 
plunge beneath the mercury bath. Most of the amalgam passes into the mercury 
and can thus be run off at the" clean up." Amalgam adhering to the copper is re
moved by returning the cleaned mercury and agitating it with sand, if necessary, 
after softening the amalgam by means of steam. A cylinder 20 ft. long and 5 ft. in 
diametcr holds 16 tons of pulp (equal weights of solution and ore), and requires 
about 300 Ib8. of mercury and 150 amp. A slime assaying 6 dwts. of gold would 
require about eight hours for complete precipitation, or one assaying 1 to 2 ozs. about 
12 to 16 hours. Prior to use battery tailings would be classified to separate sand, 
and the slimes would be thickened to the right consistency in spitzkasten; they 
would then be transferred to agitation vats and mixed with cyanide. By modifications 
described the process is applicable to sulpho-telluride ores. The current.density to 
be employed depends largely upon the conditions of the surface of the mercury. 
When the cylinder was maintained in rotation a C.D. of 0'8 amp. per square foot 
could be used as a maximum, but any higher density led to a partial surface-deposit 
of gold, which did not amalgamate and which was mechanically retained in the pulp. 
At 2 amp. per square foot none of the deposited gold amalgamated, but all was lOot. 
T. K. Rosc has fixed 0'01 amp. per square foot as the maximum for simultaneously 
precipitation and amalgamation, this low figure being probably accounted for by the 
difficulty of keeping the mercury surface in good order. With weak solutions it 
was found that the weight of gold deposited was not in proportion to the current
density, and a C.D. of 0'5 amp. was practically as good as one of O'S amp. per square 
foot. The P.D. may be from 3 to 5 volts. It is recommended to add salt if frcsh 
water be used.-F. T. Mumford, TrailS. Australas. Inst. Min. Eng., 1903, 9 
[1], 96-105.-The Journal of the Society of Chemical Industry, September 15, 1903 .. 
(A. W.) 

TREATMENT OF SLIMES BY ELEOTRlCAL PRECIPITATION.-In a paper read by Mr F .. 
T. Mumford before the Australasian Institute of Mining Engineers, and reprinted 
in the" Transactions" of the Society, there is an interesting discussion of the treat
ment of slimes by cyaniding and electrical precipitation on mercury. The Riecken 
process, which employs this method, has been in use at the South Kalgurli gold mine 
since the end of 1900, and about 3000 tons per month are treated. The advantagcs. 
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·claimed for electrolytic precipitation of gold on mercury are numerous. First, ex
traction and precipitation may be effected without filtration, and the solution need 
not be clear for precipitation. The precipitation is equally good whether for strong 
-or very weak cyanide solutions, and the presence of copper salts is not detrimental. 
The gold is recovered as an amalgam, which only requires retorting and melting • 
. Amalgamation of slimes before is unnecessary, as any coarse gold present is amalga
mated during precipitation. The essential features of the mercury cathode is that 
the surface of the mercury should be as large as possible and be kept in perfect con
dition by some simple means; the minimum quantity of mercury should be used, 
and the right current density employed. Mumford's electro-cylinder consists of a 
steel plate cylinder lined with amalgamated copper .and with wooden ends. It is 
supported on rollers and rotated at five revolutions per minute. The anodes aro 
2 in. round iron bars supported from end to end of the cylinder, and making electri
cal contact by means of brushes outside the cylinder at One end. In use, mercury is 
poured in until it is ?! in. deep on the bottom and the cylinder is filled with charge to 
within a few inches from the top. The current aensity to be employed depends 
largely on the condition of the surface of the mercury. When the cylinder is main
tained in rotation a current density of O'S ampere per square foot can be used as a 
maximum, but any higher density leads to a partial surface deposit of gold which 
does not amalgamate, and which is mechanically retained in the pulp. At 2 amperes 
per square foot it is found that none of the deposited gold amalgamates and all is lost. 
With weak solutions the weight of gold deposited is not in proportion to the current 
density, and a current density of 0'5 ampere is practically as good as one of O'S 
ampere per square foot. Generally speaking, the potential difference may be from 
three to five volts.-Tl:e Electrical Engineel', Dec. 18,1903. ('1'. L. C.) 

UHANIUM.-This is one of the rare metals; the demand is limited. At present 
the supply of the world is 300 tons of ore, yielding from 3 per cent. to 13 per cent. 
of the metal. Colorado has for some time supplied the world with uranium. It is a 
hard, heavy (9 'lS), rather malleable metal; it resembles nickel and iron, and has 
the colour of nickel. At ordinary temperatures it is not affected by air Or water; 
the surface oxidises at red heat. Uranite, an oxide, is the chief ore, but the 
phosphate and arsenate occur also. Buyers of the ore pay from £3 to £4 per unit, 
according to the percentage contained. The use of the salts of uranium has been 
confined to a pigment used in painting on porcelain, in photography, and as a 
colour ingredient in glass manufacture. Experiments are now being carried on as 
to its influence on the alloys of iron and aluminium. Uranium increases the hard
ness and elasticity of steel; also the hardness of aluminium, but this use has not yet 
become sufficiently important to cause an increased demand for the metal.
Engineering and lolining Journal, July lIth, 1903. (T. L. C.) 

MINING 

ACCIDENTS IN USE, ETC., OF EXPLOSIYEs.-The number of accidents by fire or 
explosion, and of which the Department had cognisance during the year, was 368, 
causing 67 deaths aud injuring 405 persons. These figures, it ought to be stated, 
include the accioents in coal and other mines, which returns are supplied to the 
Department. Ninety-two per cent. of the accidents causing death or personal 
injury occurred in the use of the explosive and under miscellaneous conditions to 
which the controlling provisions of the Explosives Act of 1875 do not apply, and 
such accidents, viz. , those involved ill the use, etc., caused 52 out of 67 deaths and 
385 out of 405 cases of injury. 

Considering the enormous amount of explosives manufactured in Great Britain 
.and Ireland, it is wonderful how seldom an accident does occur and how few deaths are 
attributable to the manufacture of explosives. The number of accidents in all the 
factories of Great Britain was ouly 46 during the year, and more than half of these 
were unattended by personal injury. '1'he number,of deaths in manufacturing wils 
in reality only 13, which is considerably above the average for the year. 

The following table will be of interest to Rana engineers, as showing that 
accidents in Great Britain through the use of explosives are much the same as those 
reported here. 
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No. of No. of Per;:)ons. 
Cause. Accidents. 

Killed. Injured. 
--------

SHOT·FIRING. 
Premature and failing to get away from shot-hole 32 7 30 
Firing by electricity when persons are at shot-hole 11 1 10 
Not taking proper covcr . 5 1 4 
Hang-fires and returning too soon to the shot-hole 33 3 31 
Boring into or tampering with miss-fired shots 20 2 27 
Ramming or stemming the charge 38 8 42 
Sparks, flame, etc. 72 7 77 
Boring into unexpected charges . . 7 1 8 
Striking unexploded charges in removing debris 30 7 54 
Preparing charges . 5 - 5 
Li;;hting fuze before inserting charge 1 - 2 
Hot residue left in hole after" socketing" 11 3 17 
Various. 5 2 4 

:ilIISCELLANEOUS. 
Playing with detonators 22 - 26 
Playing with other explosives. 4 1 6 
Thawing 2 1 3 
Illegal manufacture 2 - 3 
Cannon. 5 1 8 
Sound signals . 1 1 16 
Destroying explosives . . . . 2 1 2 
Sparks, flame, etc., unconnected with shot-firing 7 1 9 
Fireworks 2 1 1 
'Cause not ascertained 2 3 -

-------- ----

TOTALS 319 52 385 

-From the Annual Report of H.l'iI. Chief Inspector of Explosives (Great Britain), 
1902. (W. C.) 

A DISCUSSION ON l'iIINERS' PHTHISIS: By THOMAS OLIVER, i'I.A., :M.D., LL.D., 
F.R.C.P., Physician to the Royal Infirmary, Newcastle-upon-Tyne.-By the term 
miners' phthisis I mean the deeply pigmented and somewhat solid state of the lung 
found in miners who-during life exhibited signs and symptoms of pulmonary disease 
of a" more or less chronic character. The malady has generally been regarded as the 
result of breathing a dust-laden atmosphere. As there is a variety of ,dust, so there 
are different forms of lung disease attributed to dust, and to which descriptive 
names have been applied, for example, anthracosis of the coal miner, silicosis or 
chalicosis of the quarryman and gold miner, and siderosis of the steel grinder .. 
Pneumoconiosis is the general term for all forms of dust diseases of the lung. 

Miners' phthisis is in this country a much less common malady than it was fifty to 
sixty years ago. This fortunate cITcumstance is the result of the excellent system of 
ventilation of our coal pits and of the operation of the mining laws. 

Miners' phthisis as a distinct morbid entity has been known since Ramazzini men
tioned it in 1703. Pearson described the disease in 1813, and regarded the pulmonary 
lesion as the result of the inhalation of coal dust. In 1860 Peacock proved micro
scopicallyand chemically the identity of the dust found in the lungs with that of the 
atmosphere in which the patient had worked, and subsequently Zenker demonstrated 
that the brick red colour of the lungs of a girl who had worked among red paint for 
seven years was due to the presence of free particles of oxide of iron. These and 
other circumstances have placed beyond doubt the fact of pneumoconiosis being a 
dust disease and due to occupation. It is unnecessary to revi,e the earlier opinion 
expressed by Virchow, since he subsequently renounced it, of the colour of the lungs 
in miners' phthisis being due to altered blood pigment. That the dark particles 
found in the lungs are exactly the same as the dust present in the atmosphere in 
which the patient worked may, I think, be accepted without question, and that the 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Notlces and Abstracts 

pulmonary phthisis bears a distinct relation to the form and character of the 'dust is: 
confirmed by clinical experience. In each 100 workmen suffering from pulmonary 
consumption caused by dust, Hirst found that metallic dust was responsible for 28-
per cent. of phthisis, min.eral dust for 25'2 per cent., animal dust for 20'8 per cent., 
and vegetable dust for 13'3 per cent. 

I have spoken as if there was no doubt of dust being the cause of phthisis, and yet 
it is an open question as to whether the continued breathing of dust can cause· 
phthiois. It is around this point that our discussion circles to-day. There are two 
ways by which the subject may be approached, namely, (1) by pathological inquiry 
in man and (2) physiological experimentation in animals. Owing to the operation of 
such complicating factors as alcohOl, syphilis, previous illnesses and tuberculous. 
infection in the home and elsewhere, human pathology scarcely allows of a definite 
solution of the problem, nor, on the other hand, does experimentation supply quite 
the same conditions as those which are present in man. It is these circumstances 
which render the solution of the problem of miners' phthisis rather a difficult task. 

Physiologiwl PatilOlogy. -A considerable degree vf insufflating force has to be 
exercised in order to carry dust experimentally into the lung" of animals. In our' 
daily life the greater part of the dust we inhale never reaches the lungs at all. It is 
caught in the upper respiratory passages and becomes deposited in the nasal, 
pharyngeal and laryngeal mucous membranes. Should particles of dust reach the 
trachea and bronchi they become entangled in the mucus secreted by these tubes, 
and are either wafted outwards by ciliary movement or are coughed up and ex
pectorated. So long as the bronchi remain healthy and the barrier raised by the 
ciliated epithelium remains intact the chances of dust reaching the pulmonary 
alveoli are certainly small. Notwithstanding these obstacles, the pigmented lungs 
of dwellers in towns clearly indicate that dust must reach the pulmonary alveoli in 
considerable quantity, and since the presence of dust in the lungs under these 
circumstances is unattended by symptoms, the discoloration has come to be regarded 
as, practically speaking, the normal appearance for people living in towns. 'rhe 
lung of the infant is free from pigment. As age acl.vances pigment accumulates 
owing to imperfect elimination. Under certain circumstances a pigmented lung 
which has hitherto been regarded as normal and quite consistent with health 
becomes abnormal and, therefore, pathological. What confers upon such a lung 
those properties that cause it to be pathological 1 Two sets of causes are in operation, 
namely, intrinsic ann extrinsic, aud these may act either singly or combined, 
Local defects in the continuity of the epithelial lining of the respiratory passages. 
would, for example, be an intrinsic came, so too would any condition that obliges a 
person to breathe through the mouth rather than his nose, also such a circumstance 
as catarrh, while an extrinsic cause would be such a circumstance as the breathing 
of a very dusty atmosphere. That naso-laryngeal and ordinary naso-oral breathing 
associated with a healthy condition of the mucous membrane of the upper respiratory 
passages is a barrier to the entrance of dust into the lungs is shown by the readineiis 
with which pneumoconiosis develops after tracheotomy. The effect produced by 
dust upon the pulmonary epithelium is largely determined by the quantity and nature 
of the dust that reaches the lung and by the depth of the inspiratory process. 

Once the normal barrier is broken, dust, if in considerable quantity and of a 
hard nature, produces irritation, diminishes resistance, and paves the way for 
secondary infection. Notwithstanding all this, the lung is still able to remove dust 
when its inhalativn is interrupted. Experiments show that lungs rendered perfectly 
black through submitting animals to the inhalation of a sooty atmo'phere become 
lighter in colour on removing the control animals from such an atmosphere, a cir
cumstance which explains the relief obtained by men who, after working for a period 
in a dusty atmosphere, at'e fortunate in securing a long break in their occupation. 

Pathology of jlline,.s' Phlhisis.-ln this I offer a description of the disease in 
its widest sense, and not mercly a statement of its morbid anatomy. Of the coal 
dust that keeps reaching the lung of a miner when at work part of it is continually 
being expectorated and part is retained. What happens to the dust that is retained 1 
The wandering cells of the liner bronchi, but especially those of the pulmonary 
alveoli, svnillow the particles of dust. These cells, which are larger than ordinary 
leucocytes, are free, they wander about and they are distinctly phagocytic in their' 
nature. It is by means of the mobility of these cells and by the lymphatic vessels 
that we explain the presence of black granules in the bronchial glands of animals a 
fe", hours after their exposure to a sooty atmosphere. This migration takes place· 
in the lung, and especially with such non-irritating particles as soot given off by a 
burning lamp. For a period there is no local reaction. That living cells are capable· 
of taking up coal dust can be easily demonstrated. Professor Potter, of the Durham 
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College of Science, and myself, fed amoebae upon coal dust, and within twenty-four 
hours there could be observed, in addition to the presence of very minute black 
granules imbedded in the protoplasm of the animalculae, as many as three or four 
very large particles of inert coal dust. Paramecia also swallowed coal dust, and 
apparently in each instance without at first experiencing any injury. 

Having absorbed foreign particles, the macrophages or phagocytes of the pul
monary alveoli either eliminate the dust, remove it by migration, or they dissolve it 
when possible, but the free particles of dust not less than the wandering cells are 
carried into the branched plasma spaces of the alveolar walls through the stomata 
that exist between the lining epithelial cells, and from here they are carried into 
the lymphatic canals that run under the pleura in the interlobular septa, also in 
the perivascular and peribronchial tissue. By means of the lymphatics the particles 
of dust are carried to the glands at the root of the lung, for these are found to be 
enlarged and filled with black pigment. . 

Although it is difficult to determine the course taken by the lymph in the lungs, 
still the distribution of the pigment supports the view that the current is from the 
air vesicles towards the subpleural lymphatic canals and along the walls of the 
blood vessels and bronchi. Opinion is divided as to whether dust ever pene
trates the mucous membrane of the bronchi. As a rule the lining membrane 
of the bronchial tubes is clear, a circumstance which supports the theory of 
their epithelial lining forming a natural barrier to the entrance of dust, but if the 
dust has been inhaled by powerful inspiration, if it is extremely tenacious, or 
possesses any specially irritating or chemical properties, then the lining membrane 
of the smallest bronchi may become damaged and dmt find its way into the walls of 
the bronchi. This, however, is unusual. Foll.owing closely upon the penetration 
into the alveolar walls of dust particles, either free or englobed in cells, there occurs 
a marked increase in the fibro-connective tissue of the lung. The appearances are 
such as to create the impression of there having been irritation, and yet since 
anthracosis can exist without symptom_, and the alveolar walls and pulmonary 
lymphatics can contain large quantities of minute carbon particles without the 
individual having experienced dyspnoea and without haematosis being altered, it 
would appear as if coal dust pe>' se produced in the first instance little or no 
injurious effects upon lung tissue. Something more, therefore, must be added to 
the dust so far as coal miners' phthisis in particular is concerned. Micro.organisms 
might be this additional something, but bacteriological examinations of coal made 
by my colleague, Professor George Murray, have failed to reveal the presence of 
micro-organisms in coal. 

Possibly the additional presence of stone in some of the particles of coal dust, as 
Dr Trotter of Bedlington suggests, may be the cause of irritation, for, as already 
stated, the hardness and angularity of dust particles play an important part in 
producing a local reaction. In this section of lung, taken from a Transvaal gold 
miner who died of phthisis, the fibrous tissue is observed to be exccssive; it is 
unevenly distributed throughout the lung, it presents itself in tbe form of clumps or 
nodules which have developed around small arteries, veins, lymphatics and bronchi. 
Black pigment is found in these nodules, sometimes in the interior of large cells 
that are lying loose in the newly-formed fibrous tissue, sometimes the black granules 
are lying frcc. In the alveoli in the neighbourhood of these clumps there can some
times be observed signs of catarrh and the presence of large round phagocytic cells 
laden with pigment. Occasionally the fibrous tissue of the clumps is EO overgrown 
that all trace of a central vessel has disappeared, although the concentric arrange
ment of the fibrous tissue remains the same. On the outer zone large cells containing 
pigment particles are observed. These bodies are either leucocytes, alveolar 
epithelial cells, or connective tissue corpuscles. Here and there the pigment 
particles are no longer in the cells, but are lying free. As the disease advances the 
clumps coalesce and all trace of pulmonary tissue becomes lost. It would seem, 
therefore, as if a large num ber of the particles of dust had been carried from the 
pulmonary alveoli by wandering cells into the lymphatics; here the mineral matter 
has accumulated owing to the lymphatics being unable to get rid of it. For a period 
the dust remains englobed in the cells and exercises an irritant action which leads to 
the production of fibrous tissue at the expense of adjacent lung. Once the fibrous 
tissue is fully formed many of the cells containing the mineral particles degenerate 
and break up, thus liberating the mineral particles, whicb are found lying free in 
the fibrous tissue. So far as this increase of fibrous tissue in the lung, thc essential 
feature of miners' phthisis, is concerned, it is, in my opinion, usually a non
tuberculosis process, and may be a natural effort on the part of the lung to rid itself 
of dust. 

:3 c 
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On carefully examining numerous microscopical sections of lungs in miners' 
phthisis in general, not only may appearances be such as to be ext.remely sug"estive 
of tubercle, but even tubercles themselvcs may be found in which giant cells can 
sometimes be ob,erved. Tubercle bacilli when present are with great difficulty 
detected. The presence of tubercle in thcse cases is probably in most instances a 
secondary infection rather than a primary incident. It is an accident that hastens 
the fatal termination without contributing much to the morbid processes already 
described. In an anthracotic lung there may, of course, be found cavities of various 
'sizes, some of which betray signs of their tuberculous origin. It is the presence of 
caviti~s in the lungs of miners that raises the question as to whether it is possible to 
have pulmonary excavation without a tuberculous cause. We know that there are 
other growths than tuberculous which undergo disintegration. Breaking dOll'n 
occurs in actinomycosis, and in syphilitio and sarcomatous growths. There is no 
reason, therefore, why in fibrotic lungs caused by dust, owing to the nutrient 
arteries becoming gradually more and more obliterated, the closure of the vcssels 
should not be followed by necrosis of the tis;ue, besides, as Hamilton points out, 
some of these cavities may be bronchiectatic in origin, and be, therefore, caused by 
similar means as under other circumstances. 

Causation and l!.xpeJ'irnental Production of Anthmcos;s,' Gases.-The remarkable 
diminution in the amount of miners' phthisis in this country consequent upon the 
improved ventilation of coal pits required by the Mines Acts has suggested to some 
writers the probability of the disease being due to the inhalation of such impure 
gases as those given off by explosives, by the coal itself, or from the lungs and 
bodies of the miners, also from the ponies that are constantly kept in the pits. 
Carbon monoxide and carbon dioxide are two of the well-known gases given off by 
explosives, but the effects consequent upon their inhalation partake more of the 
nature of an in toxication, for they are transitory, and once the effects pass off no 
structural alteration is left behind in the lungs. It is otherwise with nitrio oxide 
given off by the higher explosives. This gas rapidly unites with oxygen and becomes 
nitric peroxide, which is a dangerous compound. Inhalation of nitric peroxide is 
followed by acute changes in the pulmonary parenchyma of the nature of inflamma
tion; if respired freely the gas will cause death within two or three days. In a 
more diluted form it might be capable of deranging the epithelial lining of the small 
bronchi and of the pulmonary alveoli, and by thus weakening the defence might 
prepare the _oil for the operation of dmt or microbes. If we eliminate nitric 
peroxide, which is a cause of acute pulmonary congestion, we can without bias 
dismiss from our minds the influence of the other gases as playing any part whatever 
in the production of pneumoconiosis. 

n1!st and Expel'imental Anth>-acosis.-Several attempts have been made to produce 
experimentally anthracosis in animals. Claisse and Joue I placed animals in a 
chamber in which a lamp charged with turpentine was kept burning. A con
siderable amount of smoke was given off. The animals passed from half an hour to 
one hour daily in the chamber, and the experime!lts were carried out for nine 
months. Precautions were taken to prevent tuberculosis. Within half an hour 
after one of the experiments Claisse and Joue detected charcoal in the alveoli of the 
lungs, and in the case of other animals submitted to a longer exposure carbon 
particles could be seen either as free granules or as minute dots in large round cells 
in the bronchial glands. The course of the pulmonary lymphatics could be easily 
traced owing to the masses of charcoal having formed a block in these vessels. 
Notwithstanding the blackening of the lung, the alveolar epithelial cells under these 
circumstances appeared to be still capable of performing their normal functions. 
'Vhether the particles of charcoal were lying free in the pulmonary alveoli or were 
englobed in cells, in none of the animals did Claisse and J oue observe the ~lightest 
sign of inflammatory reaction. Nor was there any indication of respiratory incon

. venience. So far, therefore, as soot or charcoal is concerned, it would appeal' that 
a considerable degree of pigmentation of the lung can take place without eithe 
respiration or haematosis being disturbed, and it is not until the development of 
secondary changes takes place that dyspnoea is induced. These secondary changes, 
which end in fibrosis, are a consequence of bronchitis 01' broncho-pneumonia, of dust 
itself, or of tubercle. 

An extremely fine and soft dust, like charcoal, has very little influence upon the 
lung. In order to act injuriously the particles of dust must be harder O\' possess 
chemical properties, such as is exhibited by slag dust. The men who follow the 

I Rt cherches Experimentules sur ]es Pneumoconioses. P. Clnisse and O. Joue Al'c"il)~.(f tie 
Jledecine Experimefltale et d'Anatomie Pathologique. (PlIl'is, 18f17, p. 205.) 
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,occupation of slag crushing are liable to and die from pneumonia in larger numbers 
tha'n men engaged, for example, in the ironworks where the slag is produced. 

In discussing the question of coal miners' phthisis, R. S. Trotter,' of Bedlington, 
leans to the view that the presence of coal dust and soot in the lungs of mmers 
exercises vel')" little influence, if any, in the production of phthisis. Anthracosis as 
a disease he mtl,intains does not exist; it i" ,imply an epiphenomenon in diseases 
,of the Itmgs in which I,lackening of the plllmonary tissue is found. Jr. miners' 
phthisis, therefore, the fibrosis would be due, not to the presence uf coal dust and 
soot, but to the presence of, and irritation caused by, the accompanying particles 
which come from the sandstone strata, the shale and seggar clay. In Britain 
becausc phthisis is in miners a comparatively rare disease, there are medical me~ 
who are of the opinion that anthracosis and pulmonary tuberculosis are antagonistic 
to each other, that coal dust and soot exercise, in other words. a protective inflnence 
upon the lung so far as tnberculosis is concerned. In the north of England as 
elsewhere, we certainly find that miners' wounds, even though begrimed with ~oal 
dust, heal remarkably well. I am not disposed to argue from this fact as to any 
,antiseptic influence exercised by the coal dust, so mIlCh as simply to assert the 
remarkable freedom of coal from morbific germs, and to support the statement of 
the slightly irritating properties exhibited by coal dust whcn imbedded in the 
tissues. Before detailing my own experience of experimental anthracosis I shonld 
like to make a few remarks upon the subject of miners' phthisis and its re'ation to 
,tuberculosis. 

Tuberculosis. - A mild degree of anthracosis is quite consistent with health. 
Although anthracosis is not of itself a disease, yet animals whose Inngs are 
anthracotic have been found to be more liable-for example, to streptococcal 
infection-than those that are healthy. In a lung previously irritated by dust 
the way is paved for accidental infection hy eithcr thc tubercle bacillus or the 
pneumococcus. Because tubercle has heen found in the lungs of miners who have 
,lied from phthisis, it has, therefore, been maintained that miners' phthisis is a 
tuberculous disease. This view of the malady is in keeping with the theory of the 
unity of phthisis and its relation to the bacillus tubercle. Without doubt the Inngs 
,of miners occasionally are the seat of tuberculosis. It is not always easy to detect 
tubercle in the dense masses of fibrous tissue, but when found it may contain giant 
cells, although but seldom the specific bacillus. 

When tubercle is present we are obliged to ask ourselves this question, 'Vhat 
influence we can assign to it and at what stage of the disease is this influence most 
felt 1 A man whose lungs are tuberculous and who takes to mining is much more 
likely to suffer from the effects of dust than one whose lungs are healthy. Dust in 
the case of such a person would hasten the destructive tendencies of tubercle in the 
lung. The excess of fibrous tissue in the lungs is regarded by many as a protection 
against the invasion of tubercle. The fibrosis must he either a result of localre
actions developed to oppose the further inroads of tubercle bacilli or a product of 
irritation and due to dust. 

In the lung of the gold miner to which I have already alluded the most careful 
microscopical examination has failed to detect tubercle. During life no tllbercle 
bacilli were found, although frequently searched for in the sputum. There are in 
the lung indications of acute and chronic inflammatory processes. The lung is the 
seat of a combined anthracosis and silicosis. with distinct evidences here and there 
uf recent catarrhal inflammation. In the alveoli large catarrhal and phagocytic 
cells can be seen laden with pigment particles. Here and there, too. are to be seen 
small clumps composed of leucocytes or lymphocytes. What these apparently recent 
accumulations of small round cells are I do not know; they are probably inflam· 
matory, for the most careful examination of specially stained microscopical sections 
fails to detect within them the tubercle bacillus. The non-detection of tubercle 
bacilli is no proof of the lesion being non-tuberculous. Still, all the evidence, 
clinical and pathological, supports the statement I have just made, namely. that the 
phthisis in this particular gold miner was from first to last non-tuberculous. 

One of the strongest supporters of the tuberculosis theory of anthracosis is Dr 
Haymonn Tripier, of Lyons. 2 In two cases of minerd' phthisis Tripier found evi
dence of tuberculosis in the lungs alongside of anthracosis, that is, the presence of 
tuhercle with a very abundant production of fibrous tissue, also the presence of 
tubercle in other organs. 'ro him tubercle is not a coincidence or a complication, 
but the main cause of the malady. Speaking generally, I may with safety say that 

1 British Medical Journal. May 23, 1903. 
:! Contrioution it l'Etu'le de la Tubercwlose Pulmol1aire Alllhracosique. PHI" Ie D"r Huymonll 

~rripicr, Lynns, 1884. 
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there has been comparatively little written upon pneumoconiosis since the discovery 
of the tubercle bacillus by Koch. 'fhe bulk of prevailing medical and pathological 
opinion upon miners' phthisis was formed anterior to Koch. Kuborn, of Seraing, 
is in favour of the tuberculous theory, and holds the view that coal dust does not 
hasten the development of phthisis. Proust and Charcot, on the other hand, main
tain that there is a coal miners' phthisis without tubercle. Charcot produced experi
mentally in guinea-pigs the pathological conditions found in pneumocomosis. 
Although Tripier's monograph was published as far back as 1884, his opinion as 
regards the tuberclIlous theory of miner's phthisis remains unchanged. In a letter· 
which I received from him, dated May 21, 1903, he still adheres to tuberculosis as 
the principal cause of miners' phthisis. One of Tripier's patients was a miner who· 
had worked for fifteen years in the lIfont Cenis and St Gothard tunnels. It is an 
open secret that the construction of the St Gotbard tunnel was attended by an 
enormous loss of human life, and that the conditions as regards ventilation were 
extremely bad. The Simplon tunnel, which is in course of coustruction, will, when 
finished, be the longest tunnel in the world. Night and day there are always more 
than 500 men in the tunnel, to say nothing of a large number of horses in addition. 
I have visited the Simplon tunnel works, and can, therefore, speak from personal 
knowledge of the excellent system of ventilation that prevails, of the enormous 
volume of air that is delivered at the head of the tunnel where the men are working, 
also of the extremely thick and polluted condition of the air as it escapes by the 
return channel from the tunnel, and yet Dr Volante, of Iselle, informs me that 
phthisis is extremely infrequent among tho miners at the Simplon tunnel for the 
following reasons: (1) A medical impection is made of all new miners applying for 
work, only healthy men being accepted; (2) the machines with which perforation 
of the rock is being made work under hydraulic pressure. The water which is 
introduced at the poir.t where the rock is being pierced keeps down the temperature. 
prevents the formation of dust, and washes out the debris fA the rock in such a way 
that the work is not dusty at all. In the case of miners who have died as the result 
of accident, Dr Volante has always found the lungs very black owing to the large 
amount of smoke given off by the miners' lamps, the engines and the explosives used 
in the tunnel. Bronchitis and pneumonia are not infrequently met witb, but thcse 
are caused by exposure of the men to the sudden changes of temperature either in 
the interior of the mountain or when they emerge from the tunnel. Sometimes the 
cases of acute pulmonary disease pass into chronic fornls and become tuberculous, a 
circumstance which is favoured by excessive indulgence in alcohol. It is, in my 
opinion, because the miners 'in the Simplon tunnel are, comparatively speaking, not 
exposed to dust, although they inhale large quantities of smoke from their lamps, 
etc., that they do not suffer from miners' phthisis. 

Few will deny the contention of Tripier that fibrosis of the lung can be the result 
of a tuberculous lesion. Overgrowth of the interstitial tissue of organs can be pro
duced by t.ubercle. Henri Claude I has produced experimentally tuberculous cirr
hosis of the liver. The fibrous tissue found under these circumstances is extremely 
dense and is of bacillary rather than of toxic origin. The cin-hosis is apparently a 
true tuberculous fibrotic hepatitis, and is regarded as the result of excessive reaction 
consequent upon increased local resistance to the influence of the tubercle bacilli. 
Since, then, it is possible to induco marked fibrosis of the liver as a consequence of 
the injection of tubercle bacilli into the blood going to that organ, there is no reason 
why the same event might not take place in the lung. As a matter of experience 
we do find tubercle in the lungs in miners' phthisis, but instead of regarding the 
excessive fibroeis pf the lungs as a consequence of tubercle I am disposed to regard 
the fibrosis as the result of irritation caused by dust, and that tubercle is a secondary 
and, therefore, accidental infection, and I base that opinion upon clinical experience, 
pathological observation and cxperimental investigation. 2 

Conclusions.-The conclusions arrived at, and which contain all the points around 
which I think discussion need be centred, are :-

1. That miners' phthisis is not the result of the inhalation of gases given off by 
the strata, nor evolved by the explosives used in mines. 

2. That it is a disease in which there is a marked excess of fibrous tissue in the 
lungs, embedded in which can be seen numerous particles of coal dust and siliceous 
material, in which, also, cavities may be seen and tubercle occasionally detected. 

3. That it is a disease of occupation, due to the irritating action of dust, which 
renders the individual liable to repented catarrh, that it is non-tuberculous, not only 

1 La Presse JfedicaZe, June 13, H.103. 
2 In my experiments I had the ubl~ a.ssistance of my colleague, Dr R. A. Bolam, to whom (oe

his kindly aid and suggestions I warmly acknowledge my indebtedness. 
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Notices and Abstracts 773 
in the carly stages, but may even remain non-tuberculous throu~hont; that when 
tubercle is present it is an accidental infection, which, while hastcnil1g the end, 
·does not exercise any ,-ery marked influence upon the pre-existing structural aitera
tions caused by dust unless it be a tendency towards disintegration. 

4. That it i~ a local disease, purely personal to the individual, and never assuming 
hereditary characters. 

5. That, accepting this view of the pathology of the disease, m ners' phthisis, as 
-experience in this country has shown. may be largely pl'evented by improved venti
lation and by the adoption of means for the removal of dust or for the allaying of 
·d nst by water. 

Professor Adami (M.A., M.D., M.R.C.S., Professor of Pathology, l\I'Gili Uni
versity, 1I10ntreal) said: I am in general agreement with the conclusions ,uri,·ed at 
by Dr Oliver. I wish, however, that Dr Oliver would expaud his statements 
regarding the relationship between the dust-bearing phagocytes and the develop
ment of increased connective tissue. U ndou btedly there is in these cases a remark
able increase in the nnmber and migration of these cells; hut because there is this 
.association are we to conclude that the phagocytes are directly concerned in the 
process of fibrous tissue formation '! Judging hyanalogy I am illclined to place. 
little importance upon this order of cells as fnctors in the la·ocess sm·e as being 
bearers of the dust particles, which eventually break up and deposit the particles 
,vi thin the tissues Around a foreign body-a bullet, for example-there is a like 
·deposit of fibrous tissue. Physical agents, it seems to me, are adequate to lwoduce 
fibrosis without of necessit) calling in toxin and derivatives of cell destruction as 
auxiliary actors. 

Professor Hamilton (l'<I.B., F.RS.E., Professor of Pathology, University of 
Aberdeen) said: My experience of coal miners' phthisis has been gained chiefly from 
.a study of cases occurdng in JllidlothiulI, which cama under my notice when 
pathologist to the Edinburgh Royal Infirmary. I am of opinion that the pigment 
particles which gain entrance to the lung tissue are extremely small, and that they 
pass in almost exclusively through the alveolar walls, not through the mucous mem
brane of the bronchus. They arc prohibited from takiog the latter course, not so 
much by the epithelium on the surface as by the presence of the imperviolls hase
ment membrane which constitutes such a remarkable structure in the human 
bronchus. As to the effects produced on the lung substance, a great deal seems 
to depend on thc quality of the coal dust inhaled, whether it contains much ash or 
not. Those varieties in which ash is abundant are prohably more stimulating than 
·others, and give rise to. more. inter"titial fibrous reaction than the purer varieties. 
In my experience of the Midlothian disease I have been struck with the small 
.amount of fibrous reaction which takes place. 'i'he lungs 1 have had an opportunity 
·of examining, although deeply pigmented, do not appear to have become fibrous at 
.all, while, accordiog to Dr Oliver's account, his experience has been very different. 
In the case of the worker in freestone the effect is very different. Here the amount 
·of fibrous tissue called forth by the inhalation of the stone dust is excessive, and the 
lung correspondingly indurated. Coal miners' phthisis, in my experience, is not a 
tuberculous process, but has more the character of an aseptic slough due to the 
.altered conditions of the organ. In the case of the stonemasons' lung, on the 
·contrary, a complication with tubercle at the time of death, or for some time 
before it, is frequently met with, and, according to Philip, is accompanied by the 
.cxpectoration of tubercle bacilli. 

Professor Oliver said in reply: I am glad to receive Professor Adami's support 
-that miners' phthisis is a non-lUberculous disease. 'i'here is no doubt that fine 
particles of dust alone are capable of inducing fibrosis of the lung. A~ regdrds the 
phagocytic cells and the part they play in the pathology of the disease, I shall 
frame my rem,~rks so that they may be a reply to the points raised by Professor 
Hamilton as well as those by Professor Adami. The experience which Professor 
Hamilton gained when pathologist to the Royal Infirmary, Edinburgh, and the 

.attention which he has given then and since to the subject of miners' phthisis 
·enables him to speak with authority. It is, therefore, interesting to learn from him 
that the miners who work in the coal fields of Midlothian do not die from phthisis, 
although their lungs may be perfectly black. During life they bring up large 
quantities of a "black spit" without other signs of pulmonary disease, and in the 
lun!;"s of these miners there are neither signs of fibrosis nor of tubercle after death. 
This is an important announcement, especially when contrasted with Professor 
Hamilton's other experience, namely, that the stonemasons who work in the same 
'neighbourhood suffer from silicosis and very marked fibrosis of the lungs, accom
panied by tubercle. Both classes of mcn are exposed to dust. The incidence of the 
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diseasc in the stonemasons lends weight to what I have stated as regards the
character of the dust playing an important part in the development of the malady. 
The freedom of the Midlotbian coalminer from phthisis and fibrosis may be ex
plained by the soft nature of the coal and the absence of stone dust. In this way 
the Midlothian coalminers' lungs resemble the lungs of the animals in Claisse and 
J oue's experiments, which could be chokeful of carbon particles without any 
structural alteration taking l'lace. It is quite nue that thcre is usually, if not 
always, an absence of pigmentation in the mucous membrane of the bronchi and a 
disappearance of the bronchial epithelial lining, and that, while the ciliated epi
t~elium of the bronchi is a barrier to the entrance of dust, the strong basement 
membrane which supports these cells is very impel'Vious to the penetration of dust. 
This circumstance explains tho fact that it is not through thc bronchial wall that 
dust usually enters the pulmonary tissues. In experimental pneumoconiosis, on the 
other hand, I have observed, in cases where the insufflating force has been rathm' 
powerful, coal dust breaking through this barrier, but it is infrequent. Professor' 
Hamilton, like Professor Adami, has raised thc question as to the rille of the. 
macrophages or phagocytes in the pulmonary alveoli, also their origin. Professor' 

·Hamilton is of the opinion that the large cells are not phagocytes in the ordinary 
sense of the word, nor do they bclong to the connective tissue, but are probably of 
catarrhal origin. To him dust itself is the provocative agent. It is difficult to say 
what is the origin of these cells, but, as I have found macrophages in the pulmonary 
alveoli laden with granules of coal two to three days after an insufflation of coal 
dust, I am inclined to regard them as normal habitants of the pulmonary alveoli, 
and to believe that they play in health an important part as phagocytes in pro
tecting the individual against the onset of such an acute pulmonary disease, for
example, as pneumonia. There is little doubt that catarrhal conditions stimulate 
them into greater activity. 'rhey may, of course, be modified alveolar epithelial 
cells. The circumstances to which I specially alluded were that the large cells are 
not fixed, but wandering, and that they are phagocytic. Dust pel' se probably plays 
the most important part in inducing fibrosis through irritation, but in places the
phagocytes can be seen penetrating the walls of the alveoli, and the newly-formed 
connective tissue can be observed infiltrating itself between rows or groups of these
nmcrophages. A t this stage of the inquiry I am not disposed to attach to these 
phagocytic cells more than a supplementary role in the production of- the fibrosis. 
but it is by these cells and the lymphatic vessels that the rapid transportation of 
particles of coal dust from the pulmonary al veoli to the bronchial glands is effected._ 
-Tile Brit;s" AIedical JOI<1'nal, Sept. 12, 1903. (W. C. C. P.) 

CAll BON MONOXIDE POISONING. - ,Vith regard to the use of oxygen compressed iu 
steel cylinders as an antidote for" gassing," at first some persolls were dubious as to
its restorative effects, but there are few of these unbelievers at the present time. 
It is now six years since Dr Haldane subjected himself to the gas of "after damp," 
which generally contains carbon monoxide with a considerable proportion of carbonic
acid. His experience showed that a miner d, es not receiv~ any warning of his 
danger in breathing this gas until he is practically past helping himself. Dr 
Haldane continued bis inhalation for seventy,one minutes; his own record at this. 
the final stage being that the blood was very pink, showing 49 per cent. saturation 
with carbon monoxide, his vision was dim, walking without assistance almost an 
impossibility, ~nd movement very uncertain. After a lapse of a quarter of an houl' 
from the time of breathing the polluted atmosphere, he found he could walk again, 
and following the administration of oxygen all the distressing symptoms terminated 
immediately. It will thus be seen that oxygen is not only capable of rendering 
great service, but will act very speedily, even when the blood shows 49 per cent. 
saturation.-" A Handbook on Engineering," by G. E. Davis. Vol. ii. page 354.
(W. A. C.) 

DEEP ,VORKINGS AT NORTH STAll MINES, CALH'OIlNIA,-An interesting account is 
given of the completion of a connection from the bottom of a new vertical shaft to' 
the face of an old inclinc shaft, by means of a raise 1600 ft. long, The vertical shaft 
cut the vein at 1625 ft. below the collar, and raising on the vein was commenced.· 
From 500 to 700 gals. of watcr pel' min. were pumped 14.00 ft. vertically in a single· 
lift bv two triple expansion duplex Worthington pumps, using compressed air at· 
90 Ibs. pressure, heated by crude oil at the pumps. 

Ventilation of the raise would have been difficult had it not been for the air pumps,
the exhaust of one of which was carried up, as the work progressed, in 10'in. sheet iron 
pipe, thus blowing 1000 cubic ft. of cool air into the face and freeing it from gas. 
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Notices and Abstracts 77S 
and smoke soon after blasting. The bottom of the indine shaft was struck squarely 
by the 1600 ft. raise" as though it had been cut out with an axe. "-Engineering 
ctnd Alining Jm<1'nal, December 17, 1903. (T. L. C.) 

"DELAY FUSES. "-Blasting in shafts by the use of the galvanic battery is now 
successfully accomplished by employing what are termed" delay fuses." These are 
fuses which require time-the fraction of a second-to cause an explosion. By this 
means" cutting-holes" may be fired first, the intermediate "sinking-holes" next, 
and the "squaring-up holes" last. The great damage to tim bel' often resu Iting by 
the simultaneous discharge of the full round of holes is thus avoided to a great 
extent, and the miners do not have to run the risk incident to" spitting" a large 
number of holes.-Mining and &ient,;iic Press, ~an .\<'rancisco. (C. D.) 

DESTllOYI~G THE FnlEs O}' EXPLOSIvEs.-In thc September issue of the monthly 
journal published by tue Chamber of Mines of Western Australia the following com
munication appears from lIfr Frank A. Moss, General Manager of the Kalgurli Gold 
Mines, Ltd., Boulder: "In connection with efforts being put forth throughout the 
mining world (more especially in deep mining when temperatures are high and 
ventilation indifferent) to destroy the fumes of the explosives uscd, we have, dnring' 
the past twelve months, been conducting some very interesting experiments. In 
sinking the main shaft below the 1000-ft. level we were able to destroy the fumes 
and return to the bottom of the shaft ten minutes after the charges had been 
exploded. At the 1000-ft. level the severest tests were made in a cross-cut 565 ft. 
from the main shaft, i.e., 100 ft. cross-cut from the shaft, then 415 ft. of south drive, 
then 50 ft. iu west cross-cut off the drive. In this instance 30 lbs. of gelatine 
dynamite and 40 ft. of fuses were used. The underground manager, four of the 
miners, and myself waited at the plat with Captain Barton (who discovered the pro
perties of the chemicals used in the 5 gal. solution with which the places were 
spraycd) until three minutes after the charges had exploded. We then went into 
the face, and stayed there for a few minutes. The dynamite fumes were completely 
destroyed. The air was thcn turned on to drive out the smoke. We returned to 
the plat and waited five minutes before again going into the face. This time, owing' 
to the smoke having cleared, we were able to ex"mine the face. The smoke was 
driven out "nd all ground broken removed during the shift. In all the experiments 
conducted no ill effects of the fumes have been felt. Captain Barton has arranged 
for demonstl'ations on several of the other mines. "-New Zealand Alining, Enginw'
ing, and nnilding JOll,.,U,z, April 7, 1904.. (C. D.) 

EXPLOSIONS IN lVlrNES.-An admirable paper on "The Common Causes of 
Accidents from Explosions in Mines" was read by lIlr J. R. Godfrey at the confer
ence of the Australasian Institute of Mining Engineers, hcld at Broken Hill. The 
first part deals with the principlcs of explosives and their relation to accidents. 
" Are thc frequent accidents from explosives due to the inherent danger which they 
possess or to the ignorance, stupidity, or culpable negligence and carelessness of 
those who use them 1" is the first question he asks: and thcn he goes on to state 
reasons for his answer being in favour of the explosive and against the men. Of 
conrse, the explosive is very, dangerous, certainly; but, with a thorough knowledge 
of his work aed of the component parts of explosives and their dangerous propen
sitics under certain conditions, the miner should be able to handle them with com
parative safety. But has the average miner an intelligent knowledge of those 
things 'I 'Ve would scarcely be bold enough to say they have, in face of the serious 
accidents which occur in mines from time to time. Under certain conditions the 
explosive is harmless .. It is only when either through ignorance or careless handling 
the laws which govern certain chemicals are rudely broken that disaster takes place. 
It is not the fault of the combustible that it .causes damage, but the fault of the 
carelcss or unskilled workman. It is highly necessary to have the assistance of these 
chemicals to enable mining operations to be carried on, but to use them with safety 
and effect requires a thorough knowledge of the subject on the part of the operator. 
The very fact that explosives are so much in evidence in the mining industry at the 
present day should make those who follow that line of occupation strive to master 
the subject, and so enable themselves the better to use them.-New Zealand l11ining, 
Engineering ,md Building Joumal, .July 9, 1903. (C. D.) 

GASSINO.-When a person becomes insensible or seriously affected by gas he 
should be removed into fresh ail', kept as warm as possible, and oxygen should be 
administered. Medical aid should be sent for at once. If the breathi',g has 
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stopped, artificial respiration must be resorted to without the slightest delay, and 
oxygen SllOUld also be administered as speedily as pOHsible. Instructions are 
appended. 

A,·t(jicial Respimtion.-Place the person on his back, slightly raising the 
.hou der. "ith a folded coat; remove everything tight about the chest and neck; 
draw the tongue forward and maintain it in that position. Grasp the arms just 
above the elbows and draw them steadily above the head, keeping them on the 
stretch for two seconds, then reverse the movement, and press the arms firmly 
downwards againEt the sides of the chest for two seconds: repeat the'e movements 
about tifteen times a minute for at' least half an hour, or until natural breathing has 
been initiated. It is well to continue artificial respiration for a short time, even 
after natural brei\thing has been established. 

Administration of UJ;!lgen.-The cylinder should be provided with a piece of 
rubber gas-tubing, at the end of which is a glass or metal mouthpiece. The glass 
tube must always be taken out of the mouth if any alteration in the pressure of the 
gas has to be made. 

Turn on the valve gradually until the oxygen flows in a gentle stream sufficient to 
allow of its being inhaled without admixture of air. Fix the rubber-tubing to the 
nozzle of the cylinder, place the glass til be to the mouth and allow the oxygen to be 
breathed until relief is obtained. 

If the person is unconscium, the nostrils should be closed during inspiration, so 
that the oxygen may be inhaled as pure as possible through the mouth.-From 
"Report of Chief Inspector of Factories" (England). -J O1mwl d Ihe Socie/)I of 
Chemicalindust}'y, Nov. 30,1903. 

M1NERS' PHTHISIS. -On the invitation of Dr J. S, Haldane, Mr Jos, S. Martin 
(H.M. Inspector of lI-lines) and Mr Ii. Arthur Th"mas (Manager of Dolcoath), who 
for some time pa.st have, at the re juest of the Home Secretary, been carrying on an 
inq',iry into the conditions adversely affecting the health of the Curnish miners, 
particularly w here rock drills are used, a meeting of mine ll1anagers and representa
tives took placc at Dolcoath ilHne on \Vednesday last. The following miues were 
represented: Bassett, Carn Brea & 'l'incroft, Clitters, Dolcoath, East Pool & Agar, 
Good Fortune, Grenville, King Ed ward (Cam borne School of ilIines), Levant, Prince 
of \Vales, South Crofty, 'rreveddoc, Ventynwyn and West Kitty, whilst letters of 
regret were received from several others whose representatives were unable to be 
present. 

In the forenoon a vi,it was made to the 375 fm. level in order to see appliances at 
work for preventing 'he production of dust during the process of rock-drilling. 
Broadly, the sy,tem adopted is the precil'itation of dust hy means of water jets or 
sprays, A demonstration was given by means of a delicate chemical test of the fact 
that the ail' close to the bodng machine whilst working was absolutely free from 
dust. 

After luncheon, which was served at the Account House, a meeting under the 
chairmanship of 1\11' J os. S, lIlartin was held to discuss the question of miners' 
phthisis and its prevention. At the close of the discussion the following resolution, 
proposed by Captain Richar,is (East Pool) and seconded by Captain Nancorrow 
(Carn Brea & 'l'incroft), was unanimously t'arried: "That we undertake to the best 
of our ability the introduction into Cornish mines, as soon as possible, of water jets 
or other means for the prevention of dust in rock-drilling," 

:Mr R. Arthur Thomas (to whose and Dr'Haldane's initiative tho inception of the 
system is due) kindly undertook tosllpply information as to cost, mode of working, 
etc., to mine managers and others desirous of adopting the system,-TI,e ,INning 
Jo,,,nal, Railwa!l and Commercial Gazette, August 1, 1903. (C. D.) 

M NINO 3900 PEET UNDEROROUND.-Every person associated with mining must 
watch with intere,t operations at the New Chum Railway Mine, Bendigo, on account 
of the great depth at which work is proceeding. Not only is the New Chum 
Railway the deepest mine in Bendigo, bnt it is the deepest mine in Australia, and, 
in all probability, the deepest gold mine in the world. 'l'he enterprise has not ended 
with shaft sinking, as a crosscut is being extended from a depth of 3856 ft, This 
is pure prospecting work, and in about 400 ft. the company should reach centre 
country, whither they are driving in the hope that a formation may be cut. 'rhe 
company is thus showing a faith in the field which deserves solid reward. 

The conditions that exist at such a great depth underground are well worthy of 
notice. Geologhts assert that the heat of the rocks, which form the earth's crust, 
increases one degree for every 60 ft. descended. Consequently, at 3900 ft. the heat 
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Notices and Abstracts 777 
<Jf the rocks should be 65 deg. greater than the heat just below the surface. So 
far no registrations have been made of the rocks' heat at 3856 ft., but in the winze 
which was sunk 572 ft. below 3200 ft. the temperature of the ground was found to 
be 108 deg., and that of the water which percolated into the winze was only a 
degree or two less. The rock temperature is taken by placing a thcmlOmeter in 
a hole bored deep into the rock. The hole is then sealed up for about 24 hours, 
when the instrument is removed and, the heat recorded.' It requires no great mental 
effort to underotand that, with sueh heat constantly radiating from the rocks into 
the atmosphere of the shaft or crosscut, working conditions below are far from 
pleasurable. Herein lies the greatest problem that has yet been faccd in the New 
Chum Rn,ilway. The question of hauling has not intruded itself to any scrious extent, 
for the company has machinery oufficiently powerful to carry it down anot.her 800 
ft. at least. A little more lirewood is necessary, and there is slightly more wear and 
tear on the rope, but costs have not been appreciably increased as depth has 
been gained. 'rhe country passed through in .haft and crosscut is exactly similar 
to that passed through in the upper levels, and the rock-drills have thus exactly 
the same work to perform, so that they have not of themselves added to the cost of 
working. But so far as human effort is conccrned, the heat makes man far less 
·effective compared with his fellow workcr at one thousand feet above him. Conse
quently, where two men in the upper levels can work a rock.drill, three have to be 
employed at 3356 ft. One has ouly to stand in the crosscut, and use the . least 
exertion, to comprehend why this is so. Even lifting a handkerchief to wipe away 
the perspirat;on from the facc is an effort. It must not be supposed that the 
company is indifferent to these conditions. 'rhrough its manager (!VIr C. i:i. Rowe), 
<Jne of the oldest and most esteemed otlicials on the lield, it has done everything to 
improve the ventilation. 

'l'he crosscut is now in about] 20 ft. from thc shaft. In one fortnight 50 ft. was 
driven, "nd in the next 40 ft. The working is in a hard bar of sandstone, so that 
c"Vital progress w"s made. When the crosscut is east 260 ft. a rise will be put up a 
height of 84 ft. to connect with a winze which has been sunk 572 ft. below 3200 ft. 
'When that connection is made the air will circulate more freely, and the rocks will 
be the more quickly cooled. In the meantime cool "'Iter is used to make the 
crosscut habitable. From a dam at 3200 ft. water is brought by pipes down the 
shaft and along the crosscut to wit;lin :20 ft. of the face. At the end of the viping a 
spray is fixed, from which water plays on thc men as they work at the face. Thus 
their bodies are cooled, the dust is kept down, "nd a current of air is cre:1ted from 
the shaft. A foot back from the spray the heat is almost over,.owering, but in front 
<Jf it one feels a return of energy. The men can, under these circumstances. work 
well, as their recprd. show. At the plat a shower bath is always procurable by 
turning on a tap lixed on to the viping. Sprays in hot places have not always 
proved so advantag'eous, on account of the unbearable moisture they have added to 
the heat, but !VIr Rowe considers that the water used could not have been sufficiently 
cool. 

Despite these difficulties, Bendigo mines will continue to go down, provided the 
·companies receive sufficient inducement in the rcturn of gold. At 3000 ft. the New 
Chum Railway worked a reef. out of whi"h £95,000 was paid in dividends. New 
machinery was erected, and a reserve fund created. The reserve fund has now been 
expended, and call-paying is the rule, but the company is not disheartened.-Ne,o 
Zealand 11Iini"9, Engineel'/:ng (/)ul nuilding Journal, Oct. 29th, 1903. (C. D.) 

~IOLYBDEN1TE.-Several discoveries of molybdenite have recently been reported 
from different parts of Australasia, and many inquiries have been made as to market 
and value. Hespecting this latter, rather expansive notions are entertained because 
molybdenum, of which molybdenite is the sulphide, i, still classed as a rare element, 
and stands upon the list of values current but a few years ago immediately after 
gold. Thus gold is set at £60 and molybdenite £48, lOs. per pound avoirdupois; 
but how values may vary in a brief interval is attested by the fact that on the same 
list platinum, which is now more costly than gold, stands at £28, lOs. The term 
rare element or rare metal is also misleading, because it is commonly accepted in its 
colloquial and not in its chernical or the metallurgic s· nse. According to the first, 
rarc and costly are convertible terms, but the chemist and rnetallurgist range cer
tain substances under the head" rare" because by comparison with other substances 
of allied charader their occurrence is rare, their distribution sparse, or their appli
cation limited. Once on the .. rare" list. it is difficult to get off, even though 
research may prove that the occurrence is more frequent than was supposed, though 
production may have increased with increasing application, and value may for these 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



iVotices and Abstracts 

reasons have materially declined. This is exactly what has taken place with regard 
to molybdenum. The mineral mOlybdenite has been found in many parts of Eng
land and Scotland, in several of the United States, in various parts of Sweden, 
Switzerland and France, and in almost everyone of the Australasi(tn States-in 
Queensland, New South Wales, Victoria, Western Australia, Tasmania, and New 
Zealand. In the two States first named it has been worked somewhat extensively, 
and the Kingsgate Mine, Glen Innes district, is claimed to be thc largest in the 
world. Yet between the years 1879 and 1898 it only won about 40 tons of molyb
denite, mainly because it was devoting chief attention to bismuth. Since then it 
has been found that molybdenite gil'es better return., and the output has risen to 
about 3 tons per month, while a Queensland mine yield. about half the quantity. 
This. but a few years ago, would have met the demand of the whole world, but more 
reccntly consumplion has increased, mainly in connection with the manufacture of 
ferro-molybdenum, which is used in the preparation of a special steel, and as the 
advantage of the component in steel hardening and toughening is becoming more 
appreciated, the demand for it may be expected to iucrease. It is coming int" 
extensive nse ill the manufacture of armoul' plates and tool steel, with an apparent. 
prospect of a still greater advance. Formerly tungsten was mainly employed for 
the purpose named, but it is stated that molybdenum is fast taking its place, though 
such strict secrecy is preserved by the steel working firms using It as to the method. 
of its application that nothing can be said concerning it with any degree of certainty. 
The market value of molybdenitc, of comse, depends upon its assay value, and it 
ranges from £100 to £200 per ton, according tu sample, which must be free from 
gangue. Molybdenum is quoted in recently published chemical price lists at 14s. 
per oz. There are not many bnyers; only two 01' three concerns in thc United 
States, perhaps as many in England and :i<:urope, one in Sydney, and one in Mel
bourne. 'fhe present market would, however, inevitably broaden with a growing 
demand, and there is every prospect of this, those who have struck good molybdenite 
shows may still find that they have a very good thing on hand, though their dreams 
of colossal fortunes to he made almost iu a moment by mining and marketing a 
"rare" metal may be rudely dissipated.-T//e A"sfmlia" Mining Standa,.d, June 
18, 1903. 

POWDERED ALUMINIUM FOR EXPLOSJ\'ES.-According to the 11fetal Ind'nsf/'Y, 
powdered aluminium has quite recently been introduced into the field of explosives, 
aud a mixtnre of this material and nitrate of ammonia is now manufactured under 
thc name of "ammonal," It is elaimed that this explosive is onc of the safcst 
known and is not suhject to explosion from shock or friction, and 18 reluctant in its 
burning qualities. The fact that aluminium is not at all acted on by nitric acid 
renders the explosive particularly free from Hpontaneous decomposition. Not heing 
affected by frost, the results so often followed in the thawing of frozen nitrog-lycerine 
(dynamite) products are not to be feared. The firing is done with the usual 
percussion cap. Moisture is said to havc no effect on it, an interesting feature, if 
so, because nitrate of ammonia is readily susceptible to snch influence. 

This explosive possesses many interesting features. For instance, by varying the 
amount of powdered aluminium the strength of the explosion may be varied. The 
gases resulting from the explosion are also said to be harmless. 'rhis, of course, is 
of great importance in mine blasting. Another feature is its not exploding when a 
shock is imparted to it. Cases are cited where shells of it were fired through thick 
steel platcs without any result other than compressing it. The usual percussion cap 
then was tried with the result of producing the customary explosion.--T/<e 
Enginee,-in.,! ,md 11fi"ing J o""nal, June 27, 1903. 

TESTING OF DETO'NATORS.-In Vol. xxiii. of Mines and llIinentl." pages 64 and 
98, some results were given showing the effect of dampness on caps and the effect of 
caps of different strengths upon detonation. 'l'hese were found by observation and 
by the use of the lead block, these experiments involving, however, the use of 
dynamite. If the dynamite were defective then, in the case of poor results, we are 
apt to blame the cap when it may not be at fault. A method of testing detonators 
is needed which involves nothing but the caps. This is admirably supplied by the 
very simple device of exploding caps on sheets of lead and observing the results .. 
The method indicated has, moreover, thE advantage of giving automatically a 
permanent record. 

The apparatus consists of a sheet of lead about t in. thick for caps up to XXX 
grade and i in. for stronger caps. The sheet lead is cut into squares l~ in. by 1~ in. 
and.during the experiment rests upon an anvil or smooth block of iron. Upon .this 
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Notices and Abstracts 779 
lead rests thc cap, which is to' be tested, with about 1 ft. of fuse crimped on. 'l'o 
protect thc experimenter against flying fragments of the copper cap, the cap and lea,l 
are covered with a 3·in, pipe nipple, about 3 01' 4 ins. long, the fuse being held 
in a piece of iron about 4 ins. long and 2 ins. by ~ in. in section. The fuse is passed 
through a bored cork which is inserted in.a hole bored in the iron nipple referred 
to. 'l'he cork can also be held conveniently in the clamp of a retort stand. 
, The fulminate, on exploding, shatters the cap in direct proportion to the strength 
of the charge. A heavy charge of a good fulminating mixture will pulverise the 
coppel: and impinge the dust upon the lead sheet with sufficient force to score the 
surface with marks which give a permanent record of the degree of shattering. The 
force of the explosion will also more or less puncture the plate, 

Characteristic records are given in the original of the effects of typical fulminating' 
caps on the lead. With a XXXX cap the main puncture hole is shown with radial: 
lines of very fine pittings, the cap being shattered into a fine dust. There are also 
records of XXX caps, defective and otherwise. Where moisture has been absorbed, 
thc cap on fulminating gives deep indentations, as well as radial pittings, on the 
lead, pointing to the shattering of a portion of the cap into larger pieces. Others 
show no radial pittings, but deep indentations; and, again, in very defective de
tonators no shattering whatever takes place. Storage in damp places is responsible, 
in mfmy given cases for defects in tbe caps. 

It is surely unnecessary to dilate upon the practical value of these autographic 
records, except to say that on a new consignment of caps being received, they can be' 
tested by the lead sheets and the records compared with those of other and satisfac-, 
tory lots, After caps have been in storc for some time they may be tested and the 
records compared with those made on receiving the new lot. 

To show how caps deteriorate by storing in a damp place, the experiments of \V. 
J. Orsman, an English observer, may be quoted. Damp sawdust was placed in a bottle 
and a few caps were placed upon it. In 24 hours the caps had absorbed 0'1 per cent. of 
mO,isture; 14 days, 0'4 pel' cent. ; '22 days, 0'5 per cent. After 40 hours exposure, the 
caps failed to explode dynamite, although exploding themselves. 'rhe explosive was 
afterwards detonated by a fresh cap of less rated strength than the caps under 
experiment. 

Finally, might it not be suggested that, in fixing up a laboratory, or, as it is more 
commonly known, an assay office, at a mine, it would be a good plan to add a few 
appliances for testing ordinary mine supplies 1 Tbe cost would be trifling, and if 
tests were carefully and regularly applied the gain would be great.-11fines and 
Mine)'((/s, Feb .• 1904. (W. A. C.) 

SIZES A;\'D CHARGES OP DETONATORS. 

I 
Chul'ge. Tubes. 

Length Inside 
CltlS~. of Diameter. lube. Weight 

I 

Weight, pel' 1000. 

m.m. m.m. gms. gns, lb,. ozs. 
---- ----

I 

1 IS 5'[, 0'30 4'630 - -
2 22 5'5 0'40 6'173 1 13 
3 26 5'5 0'54 8'333 2 0 
3a 26 6'0 0'54 8'333 '2 2 
4 28 5'5 0'65 10'030 2 3 
5 30 6'0 0'80 12'346 2 7~ 
6 35 6'0 1'80 I 15'432 2 12 
61, 38 6'0 1'25 19'290 2 13 
6il. 38 5'4 1'00 

I 

15'432 2 12 
7 45 6:0 1'50 23'148 3 12 
8 55 6'0 2'00 30'864 4 4 
9 55 6'0 2'50 I 38'560 4 4 

10 55 6'0 3'00 46'296 4 4 

(S. H. P.) 

U;o;oWATERlNO 'rHE CCMSTOCK LODE, NEVADA, U.S.A., WITH ELECTHIC PUMI'S.-, 
The projected unwatering of the Comstock lode by the application of modern 
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appliances, and the resuscitation of the grand old minc, will be a great event in the 
mining world, and will be watched with extreme interest by all mining men, not 
merely as a remarkable feat in pumping, but as solving a problem of peculiar 
interest in very deep mining, viz., the overcoming of the excessive heat which in tho 
lower levels precluded work, except under enormous difficulties. These workings will 
now be cooled off and made accessible, and worked like those of other mines, and 
should the ore continue down, there seems no limit to the depth to which thc mine 
might be worked. The Comstock was located on the throat of an expiring hot 
spring or fumorole, whose heat was encountered in the lower workings, and it may 
be said that the miners were following down to its roots an expiring geyser. Thus 
the thermometer stood at 1400 F. in a drift at the 1850 ft. level, but when connec
tion was made with another sbaft, the thermometer went down to 1000 F. The 
miners working in the hot levels were supplied with ice, which was sent down by the 
ton. Their average daily consumption in the California and Consolidated Mines 
during the summer of 1878 was 95 lbs. of ice per man, and they would commonly 
drink as much as three gallons of water in the shift of eight hours. From this iL is 
seen that the Comstock Mines were the hottest in the world. 

An interesting phenomenon has been noticed with reference to this steam heat 
and esca~ing fine steam, in sam!,les taken from the lower workings of the old mine. 
The specimens consisted of mosscS of opaline quartz picked off from some of the old 
mine timbers, which retained with wonderful exactness the form and structure of 
the soft, white fungus that grows in nearly all mines on timber in old, nbandoned, 
damp workings. Those familiar with the geysers of tbe Yellowstone Park know 
tbat the fine steam and hot waters of the geysers carrying silica in solution have 
silicified trunks of trees and other forms of vegetation coming within their reach. 
In the fame way the probably impalpable steam in tbe lower workings of the 
Comstock carried silica in solution and gradually replaced the soft, delicate fungi 
gTowing on tbe old, water-soaked timbers.-llhnes (md :frfine:l'ais, November, 1903. 

(T. L. C.) 

VENTILATION.-No system of ventilation is without objectionable features. 
Furnaces are efficicnt to an extent commensurate with their size and volume of 
heated air rising from it. Fans, of whatever description, are not perfect.. Natural 
ventilation, afforded by connecting underground workings which have their outlet at 
different elevations, is the most efficient and satisfactory, but not always convenient 
to obtain. A mine which is artificially ventilated at 500 ft. depth, by means of fans, 
may be poorly ventilated at a depth of 1000 ft. if the sam!, plant be employed, for a 
mine can outgrow the capacity of a given sized ventilating plant, and this fact is 
often lost sight of in the development of a mine, and as tbe workings grow more 
extensive tbe ventilation steadily becomes worse.-l1fining and &ienlift P"ess, Nov. 
2~, 1903. (T. L. C.) 

VENTILATION IN THE lIII;-;ES OF VICTOHIA.-In his report to tbe lIlinister of Mines 
of Victoria, lIIr E. R. lIfeekison, the .enior inspector, comments as follows upon tbe 
results of insufficient. ventilation in tbe mines of that State :-" From my experience 
of the mines in this State, I am of opinion that tbe chief causes of mining being more 
expensive tban it ought to be, and of the iujury inflicted· on the miners working 
underground, are that no satisfactory system of ventilation (with the exception of a 
few cases) has ever been brought, or attempted to be brought, into use. It is found 
by inspection that the normal temperature in some cases where mincrs are at work 
is 92 deg. and 94 deg. F., with tbe air stagnant and impure for want of motion, and 
with as high a percentage of carbonic acid gas as from 0'64 to 1'34 per cent. It is 
well known that under these conditions it is impossible for miners to do a fair day's 
work while breathing this air, wbich is unfit for respiration and makes worn-out men 
of many of them when only forty years old. The difference in the amount of work 
that would be done if the miners had good air would soon repay the companies the 
cost of supplying it."-En[/inee/'in!j and l1Jining J01f1'1ud, Dec. 17, 1903. (T. L. C.) 

MISCELLANEOUS 

A NEW PYROMETER.-An·intel'esting experiment is described by lII. Ch. Fery in a 
recent issue of Le Genie Cioii. The experiment, which was made to test the 
accuracy of an optical pyrometer of his devising, consisted in the fractional dis
tillation of brass in the electric furnace. 'fhis furnace took 600 amperes at 80 Yolts, 
and witb it 11 Ibs. of' copper could be boiled off in six minutes. On charging it with 
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brass containing 37 per cent. of zinc the temperature rose in half a minute to the 
boiling point of zinc, which was found to be about 11000 C. This temperature 
remained nearly constant for one minute, which sufficed to get rid of all zinc, and in 
two minutes more the boiling point of copper was reached, which was found to be 
21000 C. The copper left in the furnace at the end of the experiment contained 
barely a trace of zinc, and was very nearly pure, though a little carbon was mixed 
up with it in the form of graphite. The pyrometer used in these experiments is of 
a very interesting type. It has the advantage that no portion of it IS exposed to a 
really high temperature, its indications being dependent on the fact that the total 
radiation emitted by a "theoretically black" body varies as the fourth power of the 
absolute temperature. The interior of anv furnace into which there is but a small 
opening acts ag a theoretically black body. M. Fery's method of measuring the 
temperature; therefore, is to receive the radiation from a small opening into such a 
furnace, on a thermopile, so shielded that the amount of radiation received is 
independent, within limits, of the distance of the couple from the opening. This 
thermopile is connected up to a d' Arsonval galvanometer, and the temperature is 
estimated from the observed deflection in the usual way. In cases in which it is 
impossible to have an opening direct into the furnace, M. Fery builds a small muffle 
into the wall of the furnace, and obtains his temperature readings by pointing his 
instrument at the interior of this muffle.-The A1tstndian ltlining Standa"d, Sept. 
24th,190:3. (C. D.) 

AHTESIAN WELLS IN PEHU.-" The Transactions of the Mining Engineers of Peru" 
(No. IV.), just received, referring to the results obtained in the sinking of artesian 
wells in the district of Callao, is of the greatest interest. It gives information of the 
results obtained from such borings in a region that has been so far wdl known for 
its aridity. 

So f[lr, seven wells h[lve been bored, which produce 602,549 g[lllons of fresh water 
daily. 'fhe last one, bored 40 ft. lower th[ln the others, produces 261,696 gallons of 
fresh w[lter per day. The first well was commenced in 1901, and abandoned when at 
a depth of 160 ft., not h[lving found artesi[ln water. Nevertheless, some surface 
water being tapped, it was brought to the surface by means of a pump. 

In the same year one of the hospitals of EI C[lilao decided to spend a certain sum 
of money for the purpose of sinking" well. The work only progressed slowly, and 
water not being found as quickly as expected, the stoppage of the work had almost 
been decided upon, when the drill pierced, at 150 feet, an [lqueous strata, which gave 
800 gallons of water per hour on the surface. So far, no alteration has taken place 
in this slIpply, nor in that of all the other wells sunk later on. The diameter of this 
first well is of 0'127 m., i.e., 5 ins. In the sinking of the other wells four stratas have 
been tmversed, all forcing the w[lter to the surface. The greatest depth attained is 
430 ft. The results being so satisfactory, the Government has taken the matter in 
hand, anoi is preparing a series of studies with the object of developing great areas 
.of country for cultivation. 

This also has opened up a new solution to the water supply problem for the town", 
[\lid at this moment an artesian well is being bored at Lima, the results of which is 
being most anxiously awaited. 

The water so far obtained is of excellent quality for all domestic and indmtrial 
purposes. (M. Torrente, transl[ltor.) 

AUlHPEROUS BOILEH SCALE.-Scarcityof water prev[liled in the district (Mount 
Morg[ln, Queensland). The hill wherein the mine is situ[lted was especi[lily water· 
less, therefore the b[lttery w[lter W[lS used over [lnd Over again. It soon became a 
msty colour and contained [I great qU[lntity of w[lter-borne gold. After all the mud 
<tnd slimes Imd, [IS much as possible, been removed from the w[lter by settling ~its, 
the engine-boilers were fed by w[lter pumped flOm the dam ne[lrly 500 feet below 
the tlIiling he[lp. The boilers soon bec[lme coated with scale, [lnd mud settlcd on 
the bottom. \Vhen they were cleaned and the scale tre[lted, a return of gold was 
obtained equal to 11 07.s. per ton of sC[lle.-O'Driscoll's "Treatment of Gold Ores," 
1889, p. 34. (W. A. C.) 

INoTE.-Boiler scale on the R[lnd frequently c[ln-ies several ounces of gold 
per ton.] 

BONE-AsH.-In a general way it may be "[lid th[lt the process of m[lking bone-ash 
is simple, consisting of freeing the bone, as far [IS possible, from dirt and extraneous 
m<ttter [lnd from gre[lse, and then calcining, sifting [lnd pulverising the ashes. It is 
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not possible to obtain further details of the process, as the few who do the work are 
,not willing to explain. As to the preference for ash from sheep's bones or horses' 
,bones, it seems to be general among aS3ayers, though none seem able to assign a 
reason for it. Sheep's bones are said to make a cleaner ash th.,n those of cattle, 
possibly because they are smaller and would naturally be more thoroughly calcined. 
-The Engineel'illg and Alining Jo",.,ut!, July 25,1903.' (C. D.) 

CARE OF HOISTINO ROPES.-In putting on a new rope it should be passed through 
a hath of hot lubricant. One bushel of freshly slacked lime to one barrel of pine or 
coal tar makes a good mixture. With pine tar, which contain" no acid, tallow may 
be used instead of lime, Another mixture contains tar, summer oil, axle grcase, and 
'a little pulverised mica. It may be made of any desired consistency, penetrates 
,thoroughly between tbe wires, and does not dry nor strip off. All lubricants of this 
nature should be used sparingly after the first application, as the rope should be 
,kept clean and free from grit. The lubricant should not he so thick as to render 
difficult a thorough periodical inspection. At some mines the ropes are examined 
daily by allowing them to pas" slowly through the hands. If there are broken wires, 
they are likely to be felt, if not seen.-Mines and iUine1'(ds, April, 1904. (C. D.) 

COAL DUST.-Authorities appear to differ as to the effect of coal dust upon the 
lungs. Professor Louis says in his excellent contribution to " Dangerous Trades" : 
"Probably the most unhealthy part of coal·mining work consists in hewing or 
undercutting the coal, in doing which the collier has to lie on his side on the floor of 
the coal-seam. . .. The collier, working in this' position, is also bound to inhale a 
considerable amount of fine coal dust, which has an irritating effect upon the lungs." 
On the other hand, Dr Perry, an authority and writer upon the subject of unhealthy 
occupations, says: "Coal dust has a special power of hindering the development of 
the germs which cause consumption." However this may be, it is certain the 
collier would welcome any efficient means of keeping dust out of his throat and 
lungs.-b-on and Coal T""des ReoielV, London.-The New Zenland illine.' Rec01'd, 
Oct. 16, 1903. (C. D.) 

EGYPTIA"'ISED CLAY.-The inventor of carborundum, Mr Acheson, has patented a 
combination of tannin and clay which he calls Egyptianised clay. The clay is 
worked with water in which straw has been boiled. He states that clay so treated 
is changed in a most remarkable manner. The maximum effect of the process and 
treatment, however, seems to be obtained by the use of 2 per cent. of tannin in a 
10-day treatment. The treatment is merely keeping the clay wet with water in 
which tannin is dissolved, which can be done in vats. In the burned form the 
strength of the clay is said to be increased 50 per cent., while in the sun dried form 
it is increased in tensile strength 350 per cent.-iVew Zealnnd Ilfining, Eng':neCling 
lInd Bnildin.'l Jon1'nnl, July 16, 1903. (C. D.) 

FAR~1ERs' SCIE"'CE.-A recently-published report of much practical interest to 
farmers on the importance of superphosphates as a top-dressing for grass lands shows 
conclusively that while other forms of manure may be necessary enough, and while 
farmers top-dress with ordinary farmyard refuse, these additions will not supply 
plants with the phosphate which is demanded as an essential item in their dietary. 
This was the great contention of Sir John Lawe" who worked out the problems of 
superphospbate manufacture, and demonstrated the beneficial results which follow 
its application. Yet another bit of farmers' science is to be found in an interesting 
article by Mr Warrington, who shows tbat the mere chemical analysis of a food is 
not to be accepted as a guide to its exact fattening powers. An analogous view, 
of course, is taken of human foods; so much, indeed, depends on digestibility. It is 
pointed out by various experts that tough foods, for example, equal apparently in 
nutritive value to softer materials, do not fatten so rapidly a" the latter. Another 
computation shows the 100 lb. starch equals in nutritive results 147 lb. hay, 157 lb. 
of oat straw and 374 lb. of wheat straw. The lower animal, apparently, is as sensi
tive as is man to the question of the ease with which food assimilation is performed. 
-The New Zenland Mining, E. nnd B. Jo",.,wl, August 6, 1903. (C. D.) 

FLUORIDB OF GOLD. -Fluorspar is often associated with gold in nature, and so the 
author has studied gold fluoride in order to determine, if possible, whether it can 
play any part in the genesis of their natural deposits. The combination formed by 
gold with fl uorine was first studied. Gold oxide was prepared aud treated with 
liydrofiuoric acid alone and with a mixture of hydrofluoric acid and nitric acid, anrl 
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no action took place even after several·weeks. The next method tried was double 
decomposition between gold chloride and silver fluoride, bllt here Au(OH). was 
precipitated thus-

AuCI,,+3AgF+3H20=3AgCI+Au(OHb+3HF 

Then organic solvents were tried for gold chloride and silver fluoride, but none were 
found wbich would dissolve both. Thc conclusion at which the author arrived was, 
that gold fluoride was incapable of existence; not only in presence of water, but 
under the ordinary conditiono met with in the laboratory and in nature.-Victor 
Lenher.-A?n. Gk.,,,. Jom"al, Vol. xxv., No. 11. (J. A. W.) 

GAS FROM CHALK.-The Sus.,ex Dail.'! News gives particulars of an invention, the 
object of which is to obtain gas from chalk. To every 100 tons of chalk will be 
mixcd about 10 tons of cokc or coke-breeze, and from this it is claimed 10,500,000 
c. feet of gas will be obtained. 'rhe new invention is to be called the "Pearson" 
gas, after the managing director of the Natnral Gasfields of England, Limited, 
Heathfield, whose discovery it is, and it has been tested by Professor C. Vernon 
Boys and Professor W. J. Atkinson Butterfield, who have pronounced it an unqualified 
snccess. It is claimed that while it will be from 25 to 30 per cent. better than 
ordinary gas for heating purposes, it can be produced at so small a cost that it could 
be sold at the rate of 2d. per 1000 ft., while the price of lime will be reduced from 
approximately 12s. 6d. per ton to about 5s. 6d. 'l'he calorific value of the" Pearson" 
gas is said to be 52~ heat units per c. ft. The chemical analysis gives the following 
figures: CO 44, hydrogen 20, CO2 6, nitrogen 30.-The New Zealand llIining, 
Engineel'ing, and Building Jom'ned, Nov. 12, 1903. (S. H. P.) 

GERMICIDAL ACTIO;';' OF ALCOHOL.-TwoAmerican doctors, having investigated the 
<lffects of alcohol on bacteria, have arrived at the folbwing conclusions :-(1) Against 
dry bacteria, absolute alcohol and ordinary commercial alcohol are wholly devoid of 
bacterial power, even with twenty-four hours direct contact, and other preparations 
of alcohol containing more tban 70 per cent., by volume, are weak in this regarn, 
according to their content of alcohol-the .tronger in alcohol, the weaker in action. 
(2) Against the commoner, non-sporing, pathogenic bacteria in a moist condition; 
any strength of alcohol above 40 per cent., by volume. is effective within five minutes; 
and certain preparations within one minute. (3) Alcohol of less than 40 per cent. 
strength is too slow in action or too uncertain in results against pathogenic bacteria, 
whet bel' moist or dry. (4) 'rhe most effective dilutions of alcohol against the strongly 
resistant (non-sporing) bacteria, snch as the pus organisms, in the dry state, are 
those containing from 60 per cent. to 70 per cent., by volume, which strengths are 
<lqually efficient against the same organisms in a moist condition. (5) Unless the 
bacterial envelope contains a certain amount of moisture, it is impervious to strong 
alcohol; but dried bacteria, when brought into contact with dilute alcohol contain
ing from 30 to 60 per cent. "f water by volume, will absorb the necessary amount of 
water therefrom very quickly, and then the alcohol itself can reach the cell proto
plasm and destroy it. (6) The stronger preparations of alcohol possess no advantage 
over 60 per cent. to 70 per cent. prep,rations, even when the bacteria are moist; 
therefore, and since they are inert against dry bacteria, they should not be employed 
flt all as a means of securing an aseptic condition of the skin. (7) Provided the skin 
bacteria in the deeper parts can be brought into contact with disinfectants, alcohol 
of 60 per cent. to 70 per cent. strength may be depended upon usually, but not 
always, to destroy them within five minutes. -The A11stml;etn Mining Standard, 
March 17,1904. (C. D.) 

hlPORTANCE OF COAL 'rESTING.-\Ve often hear the question: Is it iml'ortant for 
the mine manager, engineer, and consumer to understand the testing of coal! 
Rightly understood, this question must be answered in tbe affirmative. 

It is of very great importance that those who are engaged in the handling of coal 
should know its worth. In other lines of business the commodity which is manu
factured and sold receives special attention, so that the quality may insure success. 
Each kind of coal has its standard value, immaterial of what it costs. Consumers, as 
a rule, pay every attention to the weight of coal they receive, and adopt every 
possible safeguard to insure obtaining the weight they pay for. Yet how very often 
we find little attention paid to the quality of the coal. Quite true, the payments are 
on weight; and it is equally as true that the consumers are supposed to pay also 
according to quality; tlle latter, however, goes unobserved for want of surveillance. 

As an'illustration, assume an engineer has been receiving coal having an absolute 
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Notzces and Abstracts 

evaporative power of 14 Ibs., the price of coal at the works being $4.80 pel' ton. Th", 
check on the car weights show that a car of 10-ton capacity has been short-loaded by 
5 cwt. ; thus the check has ,aved the value of the coal shortage, which in this case 
is 81.20. Suppose, however, a change had he en made in the quality of the coal 
supplied, and that the heating-power of the coal supplied was 13 Ibs. absolute 
evaporative power, a reduction in the evaporative power (absolute) of lib. of water 
per lb. of coal. This Inss in very many instances would not be detected, although 
the cash equivalent of the loss for a 10-ton car would be 83.36. 

Consumers should also bear in mind that coals at a low rate are not always the 
cheapest. A safe rule for consumers to adopt is that when their works are situated 
a considerable distance from the collieries or coal-supply, it is always good policy to 
buy only coals of the best quality. 

To make this clear, we will suppose there are three consumers (A, B, and C), 
situated at various distances from the coal-supply. The coalfields from which they 
draw their supplies produce coal varying in quality. For the sake of illustration we 
take the calorific power of the coal to represent its true value to the consumer; and 
that the cash value of coal having an absolute evaporative power of 14 Ibs. is fixed at 
82.40 pel' ton at the point of production. The cost and correct value to the consumer 
of the different qualities mentioned is shown in the following table:-

TABLE I 

~~ :n " ,g.5 ci Correct value on The real value, or 
0"C :e .pEE Freight Charge. pJice, which can be ""~ . Total Cost to basis coal with 

~~~ ~=~ for Transmission Consumer. evaporative power paid at the point 
go ..... to Consumer. of J4Ib •. of production by 

000 'i:~ § the consumers. C;.t: ..... ~ ........ 
<;;> o~ 

'" ---
A 13 C A B I C A B C A B C 

14'0 $2.40 $0.96 $2.88 135.76 $3.36 85.28 $8.16 $3.36 $5.28 $8.16 $2.4C 132.40 $2.40 

12'6 2.16 0.96 2.88 5.76 3.12 5.04 7.92 3.02 4.75 7.16 2.14 1.87 1.37 

11'2 1.92 0.96 2.88 5.76 2.88 4.80 7.68 2.69 4.22 6.53 1.73 1.34 0.77 

In many cases the price of coal is quoted at a given rate, loaded on cars at the 
colliery. The seller or producer may offer the various qualities at their true relative 
values, as determined at the point of production; but the consumer, who is situated 
a considerable distance from the collieries must needs make his own value ratios, 
which can only be determined by adding freight and handling charges to the original 
prige. Thus, with reference to Table 1., the three qualities of coal taken are repre
sented in heating values by evaporative powers of 14 Ibs., 12'6 Ibs., and 11'2 Ibs. 
respectively. The relative cash values, if the coal was consumed on the spot, would 
be $2.40, $2.16, and $1.92 respectively. But we find that to consumer (C.), with 
freight charges amounting to $5.76 per ton, the relative values of the coals at the 
colliery are $2.40, $1.37, and $0.77 respectively. 

Cases are numerous of contracts with heavy freight charges being made at what 
was considered a very low figure per ton (free on cars). Yet after the heating value 
of the coal had been standardised, the fact was clearly demonstrated that the differ
ence in quality was such that the cheap lower grade coal was not worth the freight 
charges paid; hence, to such consumers the coal had practically no real value at the 
point of production. It is obvious that lower grade coal should be consumed as near 
the point of production as possible, and only first grade coal should be sent to con
sumers who have heavy freight and handling charges to meet. Each class of coal 
has, to a certain degree, its own profitable market limit, and, if this limit is adhered 
to, the result will be satisfactory to both producer and consumer. 

Already a number of firms have recognised the importance of this matter, and now 
maintain their own laboratories for testing the quality of the coal they receive. The 
importance of coal testing is being recognised by mine managers, who find it is 
necessary to fortify themselves with facts to meet any complaint" from consumers. 
The manager should also be able to detect and demonstrate the difference in quality 
of coal found in the vicinity of faults dykes, and disturbed ground. The manager 
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by knowing the true value of his coal, determines the markets in which the coal may 
compete successfully. 

The engineer should also know the real value of the coal given to him for the 
purpose of generating steam. He cannot obtain a high efficiency from his generat· 
ing plant if the coal is bad. The engineer also needs to modify the method of com· 
bustion to suit the particular class of coal he receives. A modern maxim is, "In· 
crease efficiency, reduce waste"; and may it not be truly said that the combustion 
of coal provides a wide field for economical research 'I To-day, with our best plants, 
90 per cent. of the heat contained in coal is not utilised.-lIiyles Brown.-Engineen:lI'l 
and .!.fining Journal, Dec. 24, 1903. (C. D.) . 

LIFTI:;-G BY l\lAGNETIsM.-The lifting of massive iron and steel plates, weighing 
four, six, and twelve tons, by magnetism is now done every workday in a large 
number of .teel works. The magnets are suspended by chains from cranes, and 
pick up the plates by simple contact, and without the loss of time consequent to the 
adjustment of chain and hooks in the older method. Tt is also found that the metal 
plates can be lifted by the magnets while still so hot that it would be impossible for 
the men to handle them. A magnet weighing 300 Ib. will lift 4'5 tons,-New 
Zealand 11l£"il1.'!, En.'!ineer-ing and Buildin.'l J01o'n((l, July 16, 1903. (C. D.) 

MAGNESITE: ITS USES AND V ALUE.-It is not many years since the consumption 
of magnesite in this country was infinitedmal, being limited to the preparation of 
artificial mineral waters and medicinal salts. Now it is universally recognised as a 
superior refractory material for lining basic open· hearth furnaces and cement kilns; 
in fact, it may be employed to advantage wherever high temperatures and chemical 
reaction, are usually detrimental to dolomite, chromito, Dinas and silica brick. The 
distinctive characteri"tics of a magnesite lining are durability, freedom from moisture 
and silicic acid, and resistance to currosion when exposed to the action of basie slags 
and metallic oxides. These qualities make the lining cbeaper than most others 
in the long run. Lately inventors have turned their attention to magDesite, and 
have patented artificial lumber, fireproof cement, covering for pipes and boiler tubes, 
composite stone for lithograpLing, etc. Invariably calcined magnesite or magnesium 
chloride is the principal ingredient; sometimes both. Patents issued to Valentine 
Conte, George de Geoffroy and George C. Call du Terte, of Paris, by the United 
States Patent Office for an artificial stone, cement or similar product, ,hows the 
composition to be: aluminium sulphate, 15 parts, pUlverised kieselguhr, 15 parts; 
calcined magnesite, 50 parts; magnesium chlorine, 25 parts; magnesium sulphate, 
75 parts, and inert matter to give the required density and specific gravity. 

To show the growing importance of magnesite, it may be said that in the past five 
yeard the consumption in the United States has increased fully 135 per cent., and is 
now at the rate of 40,000 long tons annually. lIiost of this is imported, free of duty, 
from the island of Euboea, in Greece, and from Austria-Hungary, while smaller 
quantities are obtained from Silesia, Germany, and Napa County, California. 
Other deposits exist in lIiinsau, Hun~ary, in Swedish Lapland, the Urailliountains 
in Russia, in Quebec, Canada, and m India, but most of these are too far from 
facilities for economical transport to permit of their development. 

The better quality of magnesite marketed in this country comes from Greece. In 
the crude state it analyses as high as 98 per cent. magnesium carbonate, but more 
often averages between 94 and 96 per cent., and in addition contains approximately 
4'40 per cent. calcium carbonate; 0'08 per cent. ferric oxide; 0-52 per cent. silica, 
and 0'54 per cent. water. Crude magnesite sells, f.o. b. New York, at $5.50 to $6 per 
long ton. Calcined at dead heat for refractory pl1rposes the mineral analyses from 
82'46 to 96'25 per cent. magnesia; 0'85 to 10'92 per cent. lime; 0'56 to 3'54 per 
cent. ferric oxide and alumina, and 0'73 to 7'98 pel' cent. silica. Variations are due 
to the quality of CJ'ude product sintered. The calcined article brings $15.50 to $16 
per short ton, f. o. b. New York. Bricks made from calcined magnesite contain ap
proximately 93'876 per cent. magnesia; 3'2 per cent. silica; 0'3 per cent. ferric 
oxide, and a small amount of carbonic acid; alumina, and calcium oxide. The im
ported bricks are now offered at $155 per 1000, f.o.b. New York, and are shipped in 
iron-strapped crates of 30 bricks each. The domestic quoted at $200, f. o. b. Pitts
burg, while those made bricks, containing Grecian magnesite only, or of other 
JUClgnesite, sell at 1$160. Occasionally American brick makers will employ magnesite 
and chrome ore, mixed together; and it is understood such a product has given 
satisfaction. Chrome ore, however, is too expensive and difficult to get in quantity 
or quality desired, to permit of its extensive use in brick making. -Charles C. 
Schnatterbeck, The E1Ig-ineering and Jll-ini1lg Ju,,,.n,«l, July 11, 1£03. (W. A. C.) 
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NEW CHEMICAL MANURE.-The nitrates of Chili, Peru, and Bolivia are being 
exhausted, and chemists' ar" trying to find chemical manures to replace them by 
supplying nitrogen to the soil. Some interest has been taken in one discovered 
recently by Herren Gerlach and Wagner, and now manufactured at Berlin. They 
remove the oxygen from air by passing the air over hot copper, and they project the 
remaining nitrogen on carbide of calcium fused in an electric furnace. 'l'he result is 
eyanamide of calcium, containing over 50 pel' cent. of hydrogen. 'l'reated with 
acids, it is transformed into "dicyanamide," containing 67 per cent. of nitrogen. 
But the commercial cyanamide has only 15 to '20 per cent. of nitrogen, together 
with some lime and carbon. Finally treated with superheated steam, the cyanamide 
is turned into ammonia, which, combined with sulphuric acid, gives sulphate of 
ammonia. The action of the cyanamide of lime on mustard, carrots, and plants, 
both in pots and in the open ground, has been tested, and it is found to compare 
with that of nitrate, but we still await the results of practical experience by growers. 
-N"," Zealand "'lining, Engillee>'ing, and B"ilding Jow'nal, Nov. 12, ]903. (C. D.) 

NEW METHOD OF DECOMPOSING GALENA AND COPPER PYRITES FOR ANALYSIS. -The 
author finds that a mixture of sodium persulphate 3, and ammonium nitrate 1 
readily oxidises galena and copper pyrites to the 'respective sulphates. Blende, mis· 
pickel, and (especially) iron pyrites and other sulphide minerals, which are more ur 
'less easily decomposed by acids, do not yield readily to treatment with persulphates . 

.lIlethod.-l to 2 grms. of the finely powdered mineral are heated in a covered 
vessel with four or five times the weight of the above mixture, for 5 to 6 minutes, 
Galenas should be " moderately heated" on a sand bath, and copper pyrites must be 
heated very gently at first, and more strongly after the vigorous reaction has ceased, 
After cooling, the product is extracted with water and filtered, and the analysis 
completed in the usual manner. It should be noted that manganese is precipitatecl 
from acid solutions as Mn02 on boiling with persulphates.-C. Boucher, Bull. Soc. 
Ghem., 1903, 29, [IS], 993·6 .. (A. W.) 

OIL IN BOILER AND FEED \VATER.-"The question of the efficient removal of oil 
from either exhaust steam or the hot well discharge has received more attention 
from engineers and chemists during the last two or three years than it has ever 
received before, and it has become one of the most important problems that the 
engineer in charge of a surface condensing plant has to deal with. It may be argued 
that until recently little was heard of this trouble, and that on board ship no difficulty 
was experienced in removing any oil that there might be in the hot well discharge. 
This is so, and the long immunity from trouble enjoyed by marine engineers may 
have misled engineers in dealing with land practices. As a matter of fact, very 
little oil is used on the main engines, and in man} cases, after a vessel leaves port, 
no oil whatever is fed into the cylinders, the piston and valve rods merely being 
swabbed. The little oil that does get into the condensers is entrained in the water, 
and is easily removed by means of a mechanical filter placed in the pipe·line between 
the boiler and pumps. The general use of lime on board ship also tends to prevent 
any trouble, as will be explained later. The trouble in land plants hao , however, 
been very acute, and has affected boilers in two ways, viz., corrosion and overheating 
of boiler flues and tubes. Corrosion is caused by the use of either animal or vege· 
table oils, or compounded mineral oils, containing either of these, that decompose in 
the boiler, liberating acids which attack the heating surfaces. Nowadays most people 
take care to secure a pure mineral oil, which obviates this trouble, at any rate. 
'fhe overheating of plates and tubes is a far more serious cause of damage. 
Although the exact action of an oil film is not determined, there is no doubt that it 
prevents the rapid transmission of heat from the furnace gases to the water in the 
boiler, causing a rise of temperature in the metal through which the heat passes. 
Some engineers simply say that oil is a bad conductor; others have propounded a 
theory that the oil acts as a kind of a huffer, which deadens the molecular 
vibrations, by means of which heat is transmitted. The writer is inclined to think 
that a thin layer of steam is formed immediately above the oil film, and tends to 
cling to it, preventing the direct transference of heat to the water; but whatever 
may be the cause, we are more concerned with the results (which are only too well 
known) and the best methods of preventing the oil getting into the boiler. . For. 
mally, the usual method was to follow marine practiee, and pump the feed water 
through some form of mechanical filter containing either charcoal, sawdust, towellinO' 
or fibre, and also to remove some of the oil by means of settling tanks. This wa~ 
good enough with slow.speed, low.pressure engines, but with the advent uf high 
pressures, superheated steam and '1uick rotation engines, an entirely new set of 
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.conditions was created, and it was found that the oil formed an emulsion with the 
water and was not removed by any of the filter" already mentioned, nor did the oil 
nse to the surface, no matter how. long the ~eed \~ater stood, with the exception of 
the small amount that was held m suspensIOn. The particles (.f oil seem to be so 
finely. divided and so elastic that they pass through eve'! the filt.ering paper used by 
.chemists. The next step was to try to remove the Oil before the exhaust steam 
reached the condenser, and many different types of apparatus were placed on the 
market, all basecl on the same so.calle~ steam separator principle, though it might 
more prope~ly be t?r.med wate.r separatIOn .. These wcre found to be fairly efficient 
1mder cer~am conditIOns, provided the velOCity of the steam was sufficiently reduced 
when passmg th~ough the separator. DI.fferent n.mkers claim to remove 80 to 90 per 
cent. of the 0.11 m the steam, the remmnder bemg removed in an ordinary filter. 
The use of this apparatus had the advantage of not only keeping the boiler clean, 
but also the condenser surfaces, but it had the serious disadvantage of removing a 
consider~ble percentage of hot water, amounting in some cases to 7 to 8 per cent., 
all of whICh had to be made up. It was found by longer experience that even this 
type of apparatus occasionally failed to do the work for which it was intended and 
mainly when. used in plants where quick·rotation engines were employed. ' 

The cause of the failures does not appear to be exactly known, and may have been 
,due to some defect in the particular type or its arrangement, or it may have 
resulted from the use of more oil than woultl be necessary with slow·speed horizontal 
engines. 'l'hen, again, the oil may have become still more emulsified by the frequent 
-changes in the direction of the flow of steam. At any rate, the result has been that 
an entirely different method of treatment is being adopted in many large plants at 
home, and one that aims at the complete purification of the water after it leaves the 
,condenser and before it is fed to the boilers. It wos found by experiment that it 
was possible to acid some substance to the hot well discharge which would entangle 
the particles of oil so that they could be removed in a mechanical filter. Lime 
water was found to do this, but the process was slow. -The addition, however, of a 
little caustic "oda completed the action quickly, lime being deposited as a thin skin 
round the particles of oil, and apparently rendering them inelastic or else entangling 
them so that they were caught by the filtering medium, instead of passing through 
it, as before. Another substance used is alum, either in the form of sulphate of 
alumina or a bye.product in the manufacture'of alum, called alumina·ferric. It acts 
as a coagulent, but it is still necessary to nse a little lime. Particular makes of 
apparatus (of which there are sevcral on the market) will not be described, as the 
columns of the engineering papers are available for members, but it may be said 
they have proved capable of removing the whole of the oil cheaply and efficiently, 
whilst the attention required is practically nil. It has been claimed for one make 
that the cost of purifying (in Britain) is only a fraction of a penny per 1000 gallons. 
The only drawback the writer sees to this system is the fact that it still leaves the 
90ndenser with its efficiency reduced by having grease deposited on its cooling 
surfaces. "-The A'IlSlmlian l~1-ining Siandm'd, April 21, 1904. (W. A. C.) 

Ol'ALS,-Experts in microscopy say that the prismatic colours and fire of the opal 
are due to myriads of minute cracks in the body of the stone, the edges of which 
reflect the light at different engies and give the hues so much admired.-The 
New Zealand llli"i"g, E. and B. J01t1'lwl, August 6, 1903. (C. D.) 

PAHAFFI~ AND RADIU)I.-Further remarkable properties of radium are being 
-discovered. A very distinctive one is notified by M. Henri Becquerel. Some seven 
years ago he fOlllld that when the radiations given out by uranium were passed 
through non.conducting gases they changed their electrical quality and became con· 
dnctors. 'l'hen 1\1. Curie, the discoverer of radium, showed that the rays of his new 
element rendered dielectric liquids conductors. 1IL Becquerel has now can-ied the 
research a step further. It is well known that paraffin offers great resistance to the 
passage of the electric current, and on that account is used as an insulator. M. 
Becquerel tried the experiment of sending emanations of radium through solid 
paraffin, and it became at once conductive and retained this property for fully half 
an hour after the influence of the radium had been withdrawn, These facts (the 
Daily Telegraph remarks) are not merely of striking interest, but may obviously 
become of practical value in research,-The New Zealand Mining. Engine"'in!], a!ld 
};uUding JOUl'nal, July 30, 1903. (C. D.) 

PROTECTION AND PRESEIlYATION OF WOOD,-It becomes necessary at times in 
mining operations to pay special attention to the l'rotection and preservation of 
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mber. Formerly, this was an expensive operation. T\I'o important and recent 
discoveries will undoubtedly prove of great value. 

First, the old method of steaming is now done away with; only the liquid sap is. 
driven out, by forcing the first preservative substance in. Each piece of timber is. 
treated individually. The timber, a" a railway sleeper, is placed in a cylinder; a 
piston with an aperture in its centre advances against one end and presses the other' 
against a rubber cushion on the closed door of the case, this cushion also having a 
similar aperture in its centre. Zinc sulphate is then forced in at the one end, drivino
the liquid sap before it and out at the other. The outlet is then closed and continued 
pressure forces the zinc sulphate solution, by way of the medullary rays, throughout 
the whole mass towards the sUl'face. The cylinder is then filled with calcium chloride 
under pressure, this, penetrating far into the wood, reacts on the zinc sulphate to· 
produce the preservative zinc chloride, enveloped and penned in by the almost 
insoluble calcium sulphate. This douhle reaction-this formation of an insoluhle
guard to prevent loss of the preservative salt-constitutes the great advance in theory 
to which reference has heen made. 

For fire-proofing, sulphate of aluminium is used. Exposure to fire causes the dis
engagement of water and sulphur dioxide, retarding combustion much as it would 
in the case of ammonium sulphate, but instead of this stage ending the protection 
there is a residue of alumina left which has the excellent property of swelling to 
nearly three times the volume of the dry sulphate and, being an admirable non
conductor, enables the mass to withstand fire for a prolonged period.-Tlw Indi"n 
Enginee1'ing, August 8, 1903. (T. L. C.) 

PROTECTIVE CEMENT PAINT.-" Pure cement has proved itself an excellent l>l'e
ventive of rust, iron set in pure cement remaining unrusted even when kept under' 
water. Painting' ironwork over with a thin gruel of cement also answers very well, 
and this coating, being at the same time cheaper, may be preferred to red lead 
(minium) paint. "-Ande's "Iron Corrosion," 190U, p. 30. (W. A. C.) 

QUARTZ GLASS.-A new industry, the manufacture of quartz glass, has made its· 
appearance in Germany, and the United States Consul-General at Frankfort reports 
that it is rapidly developing. Quartz. glass' consists essentially of 'melted quartz, 
which is ·made into tubes and other articles. It is perfectly translucent. The 
initial experiments in the manufacture of the new glass were made in England; but 
a firm at Hanau, a few miles from Frankfort, was the first to place quartz glass 
apparatus upon the market. The manufacture is yet in its infancy, but has already 
shown .ymptoms of vigorous growth. Those who know the properties of quartz 
glass assert that it will soon replace ordinary glass for many uses.-New Ze"l"nd' 
loJining, Engineel'ing "nd Building Jou,",,,l, July 16, 1903. (C. D.) 

RESEARUH WOJ\K.-" In the scientific laboratories all efforts follow in well
beaten paths. There one is free to choose his subjects of study according to his 
caprices; one may he easily guided by artificial preoccupations concerning them
selves, but very indirectly with a study of nature. Finally, one may have con
fidence for a long time in erroneous results without having any inkling of the error' 
committed. In industrial works it is quite otherwise, one cannot remain stationary 
upon problems already solved, in spite of oneself one must march ahead. 
Subjects of study obtrude and must necessarily be taken up in the order of their' 
real importitnce. \Vrong conclusions are made evident by their contradictions at 
each instant with facts that one cannot refuse to see. These conditions explain how 
laboratories attached to industrial works, with their insufficient personnel absorbed 
largely in other matters, with their rudimentary material come, nevertheless, to 
contrihute largely to the progress of pure science. All the progress so important in 
the chemistry of iron is made to-day in industrial works and in the laboratories 
attached to them."-"High Temperature Measurements," by H. Le Chatelier. 
(W.A. C.) 

"SOLID" WATER.-It is a remarkable fact that water may be made to assume 
apparently the wlid form by adding I per cent. only of gelatine to it. The con
dition of water in a jelly resembles its state when absorbed by a highly porous 
substance, such as pumice stone or sponge. In other words, the gelatine on setting 
forms a sort of fine spongy network, in which the liquid water is held captive by 
capillary forces. Gelatine is, in short, a very capacious carrier of water, and in 
those cases in which the conveyances of some liquids is inconvenient the use of 
gelatine might afford an easy way out of the difficulty. Thus, by dissolving a very 
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little gelatine in milk, the milk could be carrieu in solid hlocks. l\Ioreover, the 
milk would gain rather thftn lose nutrient value hy the process.-The Nelo Zealand 
.Mining, E. and B. JOltnu,z, July 23, 1903. (C. D.) 

STADIA MEASUREMEN'rs IN MINE SURVE¥ING.- The fundamental principles of 
stadia measurement are based on the fact that parallel lines suhtending the same 
.angle from a given point are proportional in length to their distances from that 
point. This principle is applied hy placing two horizontal hairs in the harrel of the 
telescope of a surveying instrument equidistant from the central cross hair. These 
.are usuolly set at a distance from each other which will just cover a given length of 
··a rod held in front of the instrument at a g'iven distance. For convenience this is 
usually one foot of the rod at a diRtance of 100 feet from a point in front of the 
ohject glass of the instrument, which is equal to the focal length of the glass-t.hat 

- is, the distance from the cross hairs to the ohject glass. This distance, plus the 
·distance from the centre of the instrument to the object glass, must be added to all 
-disbnces measured by stadi", whether long' or short. 'Where distances arc measured 
by this method over hilly ground, tables are supplied by instrument manufacturers 
for making the necessary correction for angles. By using care and not attempting 
too long measurements the results of stadia work are as accurate as chaining over 
rough ground.-.Minin,q and ScientUie h'ess, Feb. 6th, 1904. ('1'. L. C.) 

THE FUEL VALUE OF THE EUCALYP'fUS.---Mr D. E. Hutchins, of Cape Colony, 
having studied the subject for 20 years, considers that in some parts of Cape Colony 
it is cheaper to plough up the lands and plant a forest of quick-growiug trees like 
the eucalyptus than to import coal. In conjunction with Sir A. Brandis in 1882, he 
showed that these trees produce fuel at the rate of 20 tons-dry weig'ht at 60 Ibs. per 
·cubic foot-pcr acre per year in perpetuity. The eucalyptus plantation reproduces 
itself when cut without further expense, and its dry timber, heavier than coal, has 
an equal or higher thermal power, bulk for bulk. A powerful sun, a heavy rainfall, 
.and a very rapid forced growth are the essentials of such a production of wood fuel. 
Between one-fourth and onc-fifth of the earth's surfacc fulfils these conditions. One
half of this area under forest might thus yield the equivalent of 160,000,\JOI),000 tons 
.of coal yearly. It is calculated that the yield of firewood from the world's tropical 
.and extratropical forests, wherever they are fully stocked and scientifically worked, 
will yield the equivalent of from 30 to 120 times the present consumption of coal. 
Presuming these figures are correct, one need not worry much about the exhaustion 
.of the world's coal supply.-C'as,ie,.'s 11fag«,zine, Jan. 1903, p. 281-2. (A. \V.) 

THE l\IA~UFAC'fUHE OF CYA~IDEs.-Increasing interest attaches to the manufacture 
.of cyanides at the present time, mainly from two distinct standpoints, which are the 
greatly-extended application of the potassium salt in gold mining and the recovery 
·of cyanogen compounds from the spent oxide of gasworks-a material which contains 
them in varying forms and amounts. Of the use of potassium cyanide in the 
extraction of gold there is nothing much to say that would have the impress of 
novelty. It is rather with tho preparation of this and other important cyanides that 
we are concerned to-day, the amount of attention which manufacturing chemists and 
gas engineers have of late year. given to the subject, seeming to denote that some 
general considerations and remarks on the present position would not be without 
interest to those whose acquaintance, with this particular field of research and 
industry, is academic rather than practical and up-to-date. 

Although carbon ar.d nitrogen, the two elements of which cyanogen is composed, 
-do not unite even under the influence of the electric spark, the combination is 
effected when certain nitrogenous bodies are heated with an alkali. This is the old 
commercial method, though potassium cyanide can also be formed by passing a 
eurrent of nitrogen over a heated mixture of carbon and potash. For many years 
the cyanide of commerce was obtained altogether hy the method mentioned above, 
.the raw material commonly used being hoofs, clippings of hides, waste wool, etc., 
the salt usually made being the fel'rocyanide of potash, this being obtainable pure 
more eaRily than is the deliqucscent potassium cyanide, As we have indicated 
above, however, a complete change has come over the cyanide manufacture, and the 
utilisation of the spent oxide of the gasworks is now carried out on the large scale, 
both by firms who buy up the oxide for the purpose and by gas corporations who 
work up their own ooide. The ferrocyanide of potassium is the >alt commonly made, 
and up to rec.ently large quantities of this were u>ed for the preparati"ll of potassium 
cyanide, This procedure hao , however, of late undergone a change owing to 
the manufacture of potassium cyanide from the sulphocyanide by a patented 
process of the United Alkali Company. This process enables the salt to 
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he produced at a cheaper rate, and .it i. difficult when we look at the current 
market prices to see how the manufacture from ferrocyanide is made to pay. 
The ferrocyanide is quoted at 5~d. per pound, and to-day potassium .cyanide 
is down to about 9d. per pound, though it is uot long since it was >old at 
2s. per pound. At this latter figure the old method of manufacture was 
right' enough, but the margin between 5~d. and 9d. i~ not great enough to re
commend the business as a paying one. Of course, the pota'sium cyanide is 
not the only cyanide salt in demand, as the textile industries absorb a good deal of 
the ferrocJ anide, and prussian blue is a manufacture of importance. It is a point, 
however, to consider whether the activity now dispbyed in recovering cyanides from 
spent oxide may not cause a glut in the market and still further depress the price of 
the products. Among the gasworks now producing crude ferrocyanide may be 
mentioned Birmingham and Edinburgh, and one or two of the large tar-dibtilling 
concerns are the principal other producers. Tbese latter buy their oxide from the 
various gasworks; the price paid being regulated by the amount of cyanides 
contained-a figure which is extremely variable. Up to recently this oxide was· 
generally burnt by sulphuric acid makers, the residual oxine of iron being u~ed as 
an iron ore. Of course, a large amount is still utilised in this way, as it is only that 
which contains a high percentage of cyanogen that find;; a ready sale for anything 
but acid-making purposes. \Vhen the gas company works up its own ammonia for 
sulphate and makes its own vitriol, it becomes a question as to what is the best 
policy in disposing of the ~pent oxide-whether to utilise it as the raw material of 
the acid manufacturer or to sell it to the cyanide makcrs, if, indeed, it is not worked 
up for cyanide on the spot. Such questions, however, must be considered in the 
light of the special circumstances surrounding each case, and no good would be done 
by attempting to lay down any fixed rule. Where other sulphur compounds can be 
cheaply obtained, and the spent oxide is rich in cyanides, it would probably pay bcst 
to wash the oxide for cyanides or sell it for this purpose, but it is easily conceivable· 
that conditions might exist wbich would make it more expedient to sacrifice the 
cyanides and to use the sulphur. 'rhe cyanides in the spent oxide do not exist in 
any simple or sing'le form; they take various shapes, from pmssian blue to· 
ammonium sulphocyanide, and their determination is not a matter to be undertaken 
lightly. When the oxide is used for acid-making, the cyanides, in whatever form 
they exist, are converted by eombustion into . carbonic acid and frec nitrogen, th" 
sulphocyani<les, of course, yielding sulphurous acid in addition. Although the 
purifiers take up a good deal of the cyanogen in the crude g'as, yet a certain amount 
passes into the gash older ; indeed, it has been found that the gas may contain as 
much as one ounce of hydrocyanic acid per 1000 cubic feet, a fact which goes a long 
way to explain the corrosive action of gas upon metals, leather, etc. Methods have been 
proposen, and to some limited extent adopted, to extract the cyanogen compounds. 
from crude gas by the use of rotary washers placed at the outlet of the tar extractor; 
but although we are open to correction, we imagine that the amount of cyanide which 
finds its way into commerce from this source is anything but large compared with 
that extractecl. from the spent oxide, or the various special mixtures which are used 
in place of oxide of iron in the purification of gas. 

It will cause no surprise when we say that the details followed by the various 
manufacturers of yellow prussiate, and of cyanide of potassium, at the p,-esent are· 
somewhat jealously guarded as trade secrets, and it is, therefore, by no means an 
easy matter to arrive at any clear knowledge of the existing conditions of affairs. 
It is certain, however, that there is very little chance of many of the patents which 
have been taken out being worked on the manufacturing scale, arid this not only from 
apprehended difficulties from a technical point of view, but also from the important 
fact that in many patents which have been taken out, it would not be at all an easy 
thing to prove their validity in a court of law if the claim to novelty were disputed. 
\Vith regard to recent patents, that of Grossmann seelIls not to deserve the stricture· 
we have just passed, though we are not in a position to say whether the confident 
predictions of the patentee are being borne out in the results of working. In this. 
patent, ammonia forms the nitrogenous material, its inter-action with an alkaline 
sulphide leading to the direct formation of the corresponding alkaline cyanide. A 
certain amount of cyanogen is always produced during the manufacture of black 
ash in the Leblanc process; but despite a good many attempts to recover it, none of 
them have been attended with any degree of success.-En.~inee"in.'l' March 21, 1902 .. 
(W. A. C.) 

THE MANUFACTURE OF CYANIDES.-In this paper the author, Dr J. Grossmann 
discusses at considerable length the various processes for the economic production of 
cyanide of a desired purity. After mentioning that, since at melting temperatures. 
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cyanides reduce sulphates to sulphides, and that ra" materials were difficult to 
obtain free from sulphates, it followed that nearly all cyanides produced by melting 
proces"es contained sulphides. 

The important question was to determine which was the cheapeRt source from 
which to proceed-from the cyanogen recovered from coal gas, either as ferro. or 
·sulphocyanide, or from cyanogen produced synthetically. At the present time the 
producing power of the world's cyanide works was greater than the demand, and in 
the Transvanl, which before the war consumed nearly 3000 tons pel' annum, the con· 
sumption had not yet become normal, and cyanide was still being supplied under old 
favourable contracts and at remunerative prices by manufacturers using old processes. 
Assuming that the ferrocyanides recovered from coal gas were all diverted to the 
manufacture of cyanide, Dr Grossmann calculates that British gas works alone could 
turn out 1000 tons a week, and, taking the world's production at three times that 
amount, he places the total possible amount of ferrocyanide from this source alone 
at 150,000 tons per annum, which, at the price of ammonia, would represent one and 
a half million pounds sterling. It did not appear likely that such a.valuable com· 
modity would be wasted much longer . 

. Aftcr stating that cyanides were reaoily convertible into ammonia and formic acid, 
both of great commercial value, and that the former was at present the most likely 
raw material for the synthetic production of cyanides, he argucs that methods of 
m~nufacture, based on the conversion of ammonia into cyanide, would become 
obsolete. Synthetic processes had hitherto only to compete with th~ comparatively 
expensive method of reducing ferrocyanides with sodium, and the author suggests 
that if a process were devised to lower the cost of this conversion of ferrocyanide, it 
would throw these works out of competition. 

To purify cyanide was a task involving g-reat expensc and labour, but to convert 
impure cyanide to pure ferrocyanide was comparatively easy. 

These considerations led the author to give particular attcntion to the possibility 
of designing a process to convert pure ferrocyanide into pure cyanide. 

Ferrocyanide, when distilled with sulphuric acid, yields only a portion of its 
cyanogen as prussic acid, leaving a residue of ferro.ferrocyanide (Everitt's salt). All 
the ferrocyanide from this residue could be recovered by boiling with caustic soda, 
provided air were blown through and could thus be madc available for a further pro· 
duction of prussic acid. (Full particulars of this process will be found in English 
Specification No. 36, of 1903; see also .TOl/rnai of tlte Society of Cltemiwl lndll.,try, 
1903, pp. ]l30, 1194.) The evol ved prussic acid is absorbed in caustic soda 01' potash 
or a mixture of both. The process is carried out under diminished pressure, and the 
product is evaporated in a special vacuum pan and delivered very pure in the form 
of pellets free from dust, and dissolving more readily than the melted form. 

Dr Grossmann considers it preferable to deliver in this form, as melting' tcnds to 
form sulphides. 

Sulphate of soda is a bye· product in thc process, but may be either utiliscd in 
conjunction with lime instead of caustic soda, to collect the prussic acid, since calcium 
cyanide is decomposed by sulphate of soda to form sodium cyanide and calcium 
sulphate; or electrolysed to sulpburic acid and caustic soda. On the latter assumption 
Dr Grossmann considers it might pay Rand minin~ corporations to manufacturc their 
own cyanide, since the utilisation of the byc.product would tend to bring the cost of 
production down to little more than the price of the ferrocyanide, do away with the 
cost of packing, and, if oelivered in solution form, the heavy cost of evaporating and 
melting. He does not anticipate any great difficulty in electrolysing the sulphate of 
soda. The paper gave rise to considerr.ble discussion, Dr Colman and Mr A. G. 
Bloxam holding the view that sulphocyanides were as readily producible in the gas 
works as ferrocyanide, and suggesting therehy Raschen's process of manufacturc. 

The Chairman (Mr W. F. Reid) stated that some of the Transvaal mines were 
entirely dependent on the cyanide process for profits, and the production of cheap 
cyanide "'as a good thing. English manufacturers were hamperen. by having to 
import potash from Germany, which did not apply to soda as a 1 ase. 

Dr Grossmann, in his reply, mentions that if they wanted to make so.called 
potassium cyanide, they mixed a judicious quantity of potassium cyanide with the 
purer sodium cyanide and stopped at the point when the product tested 98 to 100 per 

. cent.-Jolmi,t/ of the Society of Cltemicallndusl1'Y, Dec. 31, 1903, p. 1327. (A. W.) 

THE J\lEASUREMENT O}' VERY HIGH TEMPEHATUHEs.-An interesting development 
in the measurement of very high temperatures is the optical pyrometer devised by 
Dr H. Wanner, which has been devised on a new basis-on a I:>w which had first been 
theoretically deducted, and the correctness of which had been afterward proven by 
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extended experiments. The new apparatus is being introduced in this country by 
Messrs Eimer & Amend, of New York. 

In his original descriptions of this new device the inventor showed that by this new 
method the same value for the temperature of the electric arc light could be obtained 
as had been determined previously by other scientists by much more complicated 
methods. The new method showed a possibility of measuring temperatures up to 
40no' C. and' above. The following information is taken from a lecture of Dr 
Wanner. 

The law, as established experimentally, permits, at least for a certain group of 
glowing bodies (the so-called theoretically" black bodies "), the measurement up to 
the highest temperatures. When a compact body is heated, the rays emanating from 
the same may be observed by the human eye, and the body's colonr will change with 
rising temperature from dark red to light red, to yellow and to bright white. This 
means that at first mainly red rays are observed, to which, at the higher tempera
tures, the other spectrum colours, orange, yellow, etc., are added, until the rays 
appear white. In analysing the rays by a prism, it is found that with the rise of 
temperature some single colour, for instance, red, undergoes a rise in intensity 
which can he measured progressively with a specially constructed photometer. If 
we know the law for the mutual relation between the determining factors (the 
temperature, the light intensity of the single colour, and its wave length) we are 
enabled to measure high temperatures by the photometric measurement of the light 
intensity of a certain colonr. 

The apparatus to be applied is, therefore. a photometer, containing at the 
same time a prism to separate a single colour. A spectrum is produced in 
the ordiuary manner with the aid of a slit. lenses and a prism, from which, by 
mcans of a diaphragm, the light of a certain wave length is separated, and the 
measurement of the light intensity is made by polarisation. To that part of the 
apparatus which faccs the Jadiation to be examined a small. incandescent lamp is 
attached, the light of which is used for comparing the intensity of the light to be 
measured. 

On looking through the apparatus one observes the circnlar field of vision, divided 
into two halves (like in a one-half shade sugar-testing polariscope), one of which is 
illuminated by the small incandescent lamp and the other by the light of the glowing 
body being examined. Both halves of the field show red colour. On tui'ning the 
eyepiece containing the Nicol prism, both halves of the field vision can be easily 
brought to equal intensity, and on a circular scale the number of degrees are read. 
The actual temperature is found from a table which accompanies each instrument. 
'rhe temperatures given on the table have been circulated by means of the law 
mentioned hefore. 

The entire procedure is so simple that it can be readily learned by any foreman or 
intelligent workman within a short time. The whole apparatus is 30 ems. long 
(12 ins.), built like a telescope, and can be easily handled without a support. It 
does not matter how great the distance is from which the measurements are taken, 
if only the field of vision is properly illuminated by the light emanating from the 
body to be examined. 

The exactness of this new method depends solely on the accuracy of the observer 
and on the degree to which the body nnder tests approximates what is called in the 
theory of radiation a "black body." Errors due to lack of experience of the 
observer are practically eliminated, for various parties, who have been asked to take 
measurements and who used this apparatus for the first time, have obtained the 
same correct results. The nearest approximations to the theoretical "black body" 
are the insides of the closed furnaces, as muffle furnaces, etc., the glow of which is 
observed through a small opening, which, however, must not be covered by glass or 
mica during the measurement. The measured temperature is equal to the real one 
within a few degrees. 

By actual experiments Dr Wanner obtained for blast furnace slag a temperature 
of 1321' C., for outpouring iron 1384' C., for slag pouring from the converter 1700' 
C. The temperature of the converter gases seemed to remain below 1500' C., 
however, the radiation of the flame causing a rise of temperature as decarburation, 
etc., progressed. The falling of the temperature. during the addition of scrap, can 
be llIeasured progressively, while the absolute temperatures cannot be obtained on 
account of the constant changeable transparency of the flame. The temperature of 
flowing steel can only' be measured by looking directly upon the same. 

The chief advantages of this new apparatus are reliability, because its indications 
are hased on a law of nature, resting on the principles of thermo-dynamics, and not 
on an empirical rule, accuracy, handiness-it may be used with or without support 
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portability and quick adjustment requiring in practicc but a few seconds. The 
instrument may.be adjusted at .the start to any desired temperature, thus showing 
€xactly when this temperature IS reached. Another aelvantage of the apparatus is 
that it can be directed upon any visible part of the furnace in order to compare the 
temperature at different places in the furnace.-Engineel'in.g and llhning Joumal, 
Dec. 24, 1903. (C. D.) 

THEORY OF FORMATION 0", P~TIWLEUM.-By acting on acetylene with hyelroD'en 
gas in presence of a column of finely divided nickel maintained at a temperatur;;' of 
2000 Cent., the authors obtained in a cooled tube a liquid possessing much the 
same chemical composition, physical characters, and specific gravity as American 
petroleum. By directing upon a similar column of nickel at a similar temperature 
a rapid current of acetylene, the authors ultimately obtained a greenish liquid 
possessing the characteristics of Caucasian petroleum. They describe the distillates 
obtained by fractionation, and they point out that intermediary oils (betwecn the 
American and the C",ucasian) are produced if the acetylene, before reaching in
()andescenee, is mixed with a given proportion of hydrogen. If hydrogenation, 
subject to incandescence, is carried on ",t a temperature higher than 3000 Cent., oils 
possessing the characteristics of Galician petroleum "re obtained. 

From these synthetic experiments the authors deduce thcir theory of the forma
tion of petroleum in nature. They suppose that in the depths of the earth are 
variously distributed in the free state alkaline and earthy·alkaline metals, as well as 
the carbides of the s"'me. Water coming into cont",ct with the metals sets free 
hydrogen, and when it comes into contact with thc carbieles acetylene is given off. 
These two gases, in varying proportions, meet in the finely-divided st",te metals 
which are in nature of very widespread occurrence, such as nickel, cobalt, and iron. 
Thus the conditions of the authors' synthetic experiments are fulfilled, the reactions 
which they have reproduced take place, and the different vm'ieties of petroleum are 
formed. Messrs Berthelot and Mendeleeff had alre",dy hinted at this theory, which 
i" by no means intended to be of universal "'pplication. Thus Dr Moissan's idea that 
some petroleum is formed direct by the action of water on metallic carbides still 
holds good; and so, too, much petroleum is of animal or vegetable origin. 

But none of the theories hitherto proposed had fully ",ccounted for the diversity 
of n",tural oils. The authors cbim that this is now satisfactorily accomplished, their 
syntheses being especially helpful in throwing light on the genesis of Caucasian 
petroleum.-" Synthese de divers Petroles: Contrihution a la 'l'heorie de Formation 
des Petroles naturels," by P. Sabatier and J. B. Senderens. -" Comptes rendus 
hebdomad",ires des Seances de I'Ac",demie des Sciences," 1902, Vol. cxxxiv., pp. 
1185-1188. (A. W.) 

THE TEMPEHATUHE OF FLA>IES.-Thc determination of the actual temperature of 
a given flame is a matter which presents certain difficulties, and hence the presenta
tion of a paper before the French Academy upon an accurate method, together with 
the results of a number of experiments, demanels notice. M. Ch. Fery, whose paper 
is given in a recent issue of COlnptes Rendas, discusses the usual methods of tempera
ture determination and shows the reasons for variation. 

The ordinary method for measuring the temperature of a flame is to insert into 
the flame a small solid body, which body, it is assumed, must acquire the tempera
ture of the flame itself. If this body is the junction of a thermo-electric couple, it 
may itself be used as the means for measuring the required temperature. Results 
obtained by this method, however, are very discordant, showing the existence of 
various defects in the method, even after all apparent corrections have been m",de. 
Among the sources of error we may include the losses by radiation, of which the 
()orrections are uncertain, also the emissive power of the metal, which, ",t high 
temperatures, is imperfectly known, especially since it may be modified by the action 
of the gases upon the physical constitution of the surface. It is certainly known 
that carboniferous flames affect the purity of platiuum, and ch"'nge its conductivity, 
an important matter in connection with the use of thermo-electric couples. 

The presence of a foreign body may alter the temperature for certain other 
reasons, among which may be noted the effect upon the velocity of the gaseous 
current. The burning g"'s possesses a certain degree of viscosity, and the presence 
of a solid body, however sm",ll, alters the velocity of the gaseous layers which 
surround it. Since the specific heat of a gas is very small compared with that of a 
solid, and because gases are much poorer conductors of heat than solids, certain 
phenomena observed in this connection will he seen to have ",n influence npon the 
determination of temperatures. Thus, a platinum wire of 0'02 mm. diametcr is 
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readily fused in the flame of an ordinary Bunsen burner, but the resulting bead 
remains unalterecl in the same flame, although the tempcrature is unchanged. This 
shows that the retardation of the flow of gases caused by the head prevents the 
temperature from exceeding 1780 deg. C., so that the platinum thermo-electric 
couple is unequal to the determination of the temperature of the flame of a Bunsen 
burner. 

The method employed by M. Fery avoids the introduction of any solid substance
whatever in the Harne, being based upon an entirely different principle. This principle 
is that of the reversal of a given line of the spectrum by means of the rays emitted 
by a solid body rai£ed to a convenient temperature. At the moment when the line 
of the spcctrum, in passing from light to darkness, disappears, the temperature of 
the solid corresponds to the temperature of the lIame. 

In the practical experiments conducted by M. Fery, the solid substance selected 
was the filament of an incandescent electric lamp, the temperature of which could be
readily determined by the use of the absorption pyromcter, the rays emitted by the 
solid incandescent carbon traversing the flame to be examined, this latter containing 
the vapour of sodium. By use of a lens an image of the filament was obtained in the 
slit of the "pectroscope in such a manner that the continuous spectrum gi\-en by the 
incandescent carbon was seen traverEed by the D-line, so that it could be reversed, 
and consequently made to die appear by any of the ilames under investigation. 

M. Fery gives a number of determinations of flame temperatures, and as these
represent the latest accurate measurements of values of practical use, we give some 
of the more important ones. Thus, for the Bunsen burner, burning ordinary illum
inating gas, th" mean of 8 determinations, the burner having a full supply of air, 
gave a temperature of 1871 deg. Centigrade, while with a half supply of air the tem
perature fell to 181i degrees, and the total suppression of the air supply brought 
down to 1712 degrees. 'I'he acetylene flame gave a temperature of 2584 degreee, and 
a free alcohol flame showed 1705 degrees. By taking a Denayrouze burner, intended 
to be used with_ an incandescent mantle, and using vapour of alcohol, a temperature 
of 1812 degrees was attained, or nearly the same as with the Bunsen burner, showing 
that in thi. case the mantle should give about the same amount of light as with the 
corresponding incandescent gas bnrner. The same lamp, using a mixture of alcohol 
carburetted with 50 per cent. of benzene, gave a temperature of 2053 degree., this
being decidedly higher than the 1900 degrees obtained with a flame of hydrogen 
burning freely in air. .' 

With the gas blowpipe. using oxygen and illuminating gas, a temperature of 220(} 
degrees was reached, while the oxy-hydrogen hlowpipe, burning the gases in the
proportion required to form water, attained a temperature of 2420 degrees. The oxy
acetylene hlowpipe, reference to which has alreacly been made in these columns, 
gives a still higher tem~erature, estimated to be about 4000 deg. C., but this has, as 
yet, to be verified by the method of M. Fery. 
. 'fhe importance of these scientific determinations of flame temperatures mmt be
admitted, especially as they show the influence of the presence of .olid bodies in 
cooling flames locally. Not only does this cooling affect temperature determinations
by the earlier methods, but the same action exists when flames are used to heat solid 
bodies. For this reason it is important that gas furnaces and 'similar appliances 
should be arranged with heat absorbing substances, sci ni-pose,i as to store up the
.heat and provide a sufficient mass of incandescent material to offset the absorption 
of the cold material inserted in the flame. Experience has .hown the advantages of 
such constructions to practical work, and the laboratory tests of M. Fery confirm the
soundness of the method. Thus, a simple block of fire brick, suspended over a gas 
flame, absorbs heat which it again radiates downward upon a solid substance placed 
in the flame, and while such a simple a"dition cannot raise the actual temperature, 
it does prevent the lowering of the heat which would otherwise occur. Similal' 
arrangements are made in many practical cases, and witb the increasing of the clean 
and convenient gas furnace, this feature will doubtless be given scientific study and 
improvement. In the meantime, the determinations of M. Fery will doubtless stand 
as the most accurate and reliable measurements of flame temperatures which have 
yet been made.-Ch, Fery, Academie des Sciences-Tlte Engineerinp Un[Jcdne, 
February 1904. (J. A. W.) 

THE TREATMENT OF Slm'AGE BY BACTERIA.-On turning to the two admirable
reports by the Corporations of Manchester and Leed., we find the question as to 
causes of loss of capacity of contact beds fully discussed. Summarising these, it is 
found that the chief causes of loss of capacity are the following :-

(n) Settling together of the material. 
(b) Growth of organisms. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Notices alld Abstracts 

(c) Impaired drainage. 
(el) Insoluble matter entering bed. 
(e) Breaking down of materia\. 
(f) More organic solids enteriug the bed than it can digest . 

795 

. (g) Soluble matters being rendered insoluble by the action of the beds, as, for 
instance, iron ~alts. 

After reviewing these points, the Leeds report continues :-
. "If, therefore, contact beds are to be used for Lceds sewage, in future the problcn:i 
will be- . 

"1. To find a material of perfectly even size not liable to degradation. 
"2. To reduce, as far as possible, the solid matters put on to the rough bed. 

. "3. To exclude and treat separately the iron liquors. 
" Another point suggests itself-whether it would be possible to construct a bed 

in such a way that the undige,ted 01' indigestible solids shall be expelled from the 
beds with the effiuents." 

We have here the question fully set out. With a view of suggesting how the 
yarious points may be successfully met and inviting discussion thereon, I submit the 
following comiderations :-

In case of a coarse bed filled with coke or clinker, etc., we have a number of solid 
particles presenting only an outer surface, the interior of the particle occupying 
space to no purpose. On consideration, it occurre<l to me that this interior space 
could be ucilised in employing a material of hollow form, so that it would present an 
interior as well as an exterior surface on which the bacteria could grow, whilst the 
interior space would largely increase the water contellt or working capacity of the 
bed. These considerations induced me to think of agricultural drain pipes as suit
able, but the cleansing of the interior of the pipes presented a difficulty. Then the 
obvious question followed: \Vhat is a pipe but a bent piate1 Cut your pipe down 
its length and the thing is done. At once we have the interior and the exterior 
surface, facilities for cleansing, and the working content of the bed increased as 
desirec\. With this view I requested Mr Hamblet, of West Bromwich, to make me 
some trial tiles having ridges on their under surface so as to separate them from each 
other. According to the depth of these ridges. so will be the water capacity of the 
bed. Thus, if they ard 1 in. deep and the thickness of the tile ~ in., the water 
capacity will obviously be two-thirds, or 66 per cent. In the case of a new coarse 
coke bed the initial water capacity will be about 50 per cent., which soon becomes 
reduced to about 33 per cent., by one or more of the causes mentioned above, 
particularly to the breaking down and settling of the material togcther, inducing 
impaired dminage, which would b6 entirely avoided by the use of suitable flat plates 
.'supported at intervals. 

As an alternative to the use of tiles, I may instance an experimental installation 
at Devizes, in which waste slate debris is used under the sanction of the Local 
Government Board. The slates vary in size from about 1 ft. to 3 ft. super., and 
average about :1 in. thick. They are supported about 1 in. apart by small slate 
blocks. This arrangement gives no less than 80 per cent. of water capacity to the 
beds, thereby doubling their effective working capacity as compared with coke, etc. 
In fact, the bed at Devizes is exactly one-half the size of the fine bed into which it 
discharges, with the result that the cost of construction of an inst"ll:ition is reduced 
.50 per cent. The slate debris from the hard slate refuse at Blaenau Festiniog, in 
,North \Vales, is obtainable in practically unlimited quantity and a great variety of 
sizes. By the use of such tiles or slates or other similar material, the chief causes of 
10sH of capacity are overcome. To take these scriatim as before-

(,,) The material will not settle together. 
(b) The growth of organisms will take place on both surfaces of the slates or tiles, 

and will not choke the spaces between, os in the case of coke, etc. 
(c) The drainage cannot be impaired. 

. (el) The insoluble matter (grit, etc.) can be kept off the hed by the use of a grit 
.tank, or, if it gains access, can be removed from such surfaces by flushing, etc. 

(e) The material will not break down. 
The top layer should be laid overbpping in such a manner that it forms an auto

matic screen by the junction of the edges through which the finer divided matters 
can pass to the under layers. The fibrous and coarser matters being retained on the 
top layer of slates, may from time to time be swept to the further end of the bed, 
which i. mised above the water level, where they may thoroughly drain before 

. removal. The wide channel receiving the sewage will act as a grit chamber, as in 
-the Carlisle installation, which 1. designed in 1899. The sewage will flow over the 
wcir lip of this channel on to the slates, and thereby become aerated. 
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Another point is that as the sew.age gradually fills the bed, films of air will be 
retained on the under surface of each plate. If this film is only one· fiftieth of an 
inch thick, and the intervals between the plates 1 in., the quantity of oxygen so 
retained will be sufficient to thoroughly aerate the sewage; for instance, each gallon 
of sewage will di.solve about 2 cub. ins. of oxygen, which will be contained in 10 
cub. ins. of air. Two cub. ft. of bed capacity of 5fl per cent. will contain 61 g·als., 
which will accordingly have to be supplied with 62~ cub. ins. of air. The plates in 
2.cub. ft. of such a bed will present a total underneath area of 144 x 24=3456 i.ns. 
super. If the film of air retained under this surface be only of an average depth of 
one·fiftieth of an inch, the total film of air so retained will be equal to 69 cub. ins. 
This quantity is in addition to that which will be already dissolved in the sewage, 
and mechanically held in suspension as the water flows over the weir on to the plates. 
-W. J. Dibden, F.I.C., F.C.S., etc.-Jo",.nal of the Society of Chemical Ind11sti'y, 
lIIarch 3.1, 1904. (W. C.) 

URALITE, 'fHE NEW BUILDING MATEnrAL.-One of the best fire-resisting building 
materials which has been invented of late is a substance called uralite, which is com
posed of asbestos fibre cemented by a mineral glue, and is one of the best fireproof 
agents known to science. It is claimed for the material that partitions and doors 
constructed of it absolutely stop the spread of fire and do not twist or jamb under 
heat. As it is not affected in any way by either heat or cold, nor by dampness, 
acids, or gases, its value as a building material is very great. In the case of fire a 
building lined with uralite would be practically safe, at least the spread of the flames 
would be greatly retarded. It has been subjected to severallllost severe tests, all of 
which it has come through admirably. In weight it is about one-fifth as great as 
iron, and is much stronger than wood, weight for weight. The London Times thus 
describes the material: "The main ingredient of the substance is asbestos, which 
is sent from Canada, the United States, and Russia. This is cleaned and afterwards 
mixed with water and cbalk as a binding agent into a pulp similar to that of paper 
pulp. Tbe pulp is rolled into shcets, and for the purpose of securing stability a 
small quantity of silicate of soda is added to it. Tbe sbeets thus formed are cut 
into tbe sizes required, pressed and dried, leaving boards of fibrous asbestos. These 
boards are steeped in a solution of silicate of soda; the water is driven off by drying, 
and they are then dipped in a solution of bi-earbonate of soda and again dried. The 
technical application consists of the impregnation of the asbestos board by silicate of 
·soda, and its subsequent decomposition by biocarbonate of soda. This is accomplished 
by regulating the strength of the two solutions, so as to ensure tbe complete impreg
nation of tbe whole of tbe board by the two cbemicals, which are of mineral character. 
In this way tbe time of deposition is determined, and, after a sufficiency of the col
loid silica is deposited over the fibres of tbe asbestos, it is gradually dried until the 
75 per cent. of water, natural to freshly-formed colloid silica, is driven off, leaving a 
hard, dense substance, which attaches itself as a cement to the asbestos, and thus 
forms a homogenous mass incapable of lamination, with no planes of cleavag'e, and 
fire-resisting to a high degree." For tbe manufactnre of safes, deed-boxes, or any 
receptacle for holding valuable documents, uralite is invaluable, and is now being 
very largely used for sucb. Houses built of it are much cooler in summer and 
warmer in winter than those built of other materials. In fact, there is no finality to 
the purposes which uralite can be utilised for, and in the near future it should be 
one of the most popular of building materials.-The Nel. Zealand Mining, E?liJineer
ing, and Building Journal, July 30,1903. (C.·D.) 

V,ULCANISING TIMBER.-A considerable amount of interest has been aroused by the 
announcement, as the result of a prolonged series of experiments, of a method of so 
treating timber as to secure even from soft wood a largely increased toughness and 
hardness. The process is described as one of vulcan ising, comparable in some 
respects with Bessemer's process of converting iron into steel, and is tbe invention of 
Mr Powell, a Liverpool merchant. Tbe treatment to which the timber is subjected 
is, roughly speaking, tbat of saturation at boiling point with a solution of sugar, tbe 
water being afterwards evaporated at a high temperature. Tbe result is to leave the 
pores and interstices of the wood filled in with solid matter, and the timber 
vulcanised, preserved and seasoned. Tbe nature of moderately soft wood, it is 
claimed, is in this way changed to a tough and hard substance, without brittleness, 
and also without any tendency to split or crack. It is also rendered remarkably 
impervious to water. Hard wood similarly treated derives similar benefits. More
over, it is claimed that the process may be completed anel timber turned out ready 
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for use in a few days.-.The .New Zectland Mining, Engineel'ing and Building Jo",."al' 
July 23, 1903. (C. D.) , 

WATER PURIFICATION.-The sterilisation of water by electrical means has been 
gradually growing into favour. One of the methods used is to pass water between 
aluminium electrodes arranged like the plates of a battery, a direct current passing 
from the positive to the negative. The water flows between the plates, and as it 
passes out a blast of ozonised air is forced through it. The alumina formed carries 
down some of the impurities, and the ascending gas carries the lighter ones to the 
smiace, whence they are removed as scum. The ozone is produced by a strong spark 
from a transformer. Andreoli's original ozoniser had electrodes consisting of doubly 
serrated wires, separated by a sheet of glass. The electrodes were joined to a 
10,000 volt alternating current. The Tyndal ozoniser is in use in Paris for the 
sterilisation of water. 'rhe electrostatic method is also used at Lille in France, and 
at Boleo in Mexico. Water·cooled hollow electrodes are used, and glass as the 
dielectric, with a pressure of 40,000 volts. A recent example is the installation of 
Siemen's ozonisers at Paderborn and Wiesbaden in Germany, where water is purified 
by the use of ozonised air. The plant at Wiesbaden contains 48 of these ozonisers, 
forming duplicate groups of 24 each. A set of eight ozonisers receives an alternating 
current of 8000 volts from a step.up transformer. One pole of the apparatus consists 
of the cooling water of the glass tube, and is earthed, while the other pole, connected 
to the transformers, is placed in an inaccessible position, and therefore causes no 
danger to the attendant. Tbe ozonising tubes are enclosed in a cast·iron case, con
sisting of three parts-a completely closed central portion, into which are firmly 
screwed the eight ozone tubes; an upper part, acting as a mservoir and distributor 
of the air; and a lower part, forming the ozone-collecting chamber. In the uppel' 
chamber, removed from all possible touch of the attendant, are fixed the terminals 
from the transformers. On the floor of the lower compartment are placed the high 
potential cylinders with their insulating glass rods, and, in addition, an automatic 
device to prevent a short circuit through any leakage of the cooling water. This 
consists simply of a strip of filter paper stretched across a metal spring. If the filter 
paper gets moist it tears, the spring opens out and automatically places the particular 
ozoniscr out of work.-Austmlian Mining Standanl, Dcc. 31, 1903. (C. D.) 

QUERIES AND REPLIES 
Query liTo. I.-CHEAP CYANlDE PLANT.-For .the purpose of treating an isolated 

dump of say 20,000 tons bf tailings in an up-country district, what suggestions Can be 
offered as to a cheap type of plant to construct 1 The plant need not last longer 
than two years. Possibly members who are acquainted with cheap plants in 
Australia and America, where they are more commonly built for private individuals 
than in South Africa, can give the desired information.-(Queryby S.P.Q.R.) 

Reply No. I.-The following contribution to the "New Zealand Mining Standard" 
wil. doubtless provide one or two valuable hints to those wishing to u.e the cyanide 
process in inaccessible localities, or on small parcels of tailings. 

The conditions were rather peculiar, as the lot of tailings to be leached were from 
an arrastra and extremely slimy, fully two-thirds being clean slimes. As any heavy 
pressure would pack such material, the vats were built very shallow, being 2 ft. 
deep and 12 ft. square. The first solution was added .Iowly from the bottolll, and, 
care having been used in putting the material into the vat lightly, without tamping, 
J found but little tendency to settle as long as the surface of the solution or wash water 
did not fall below the level of the top of the tailings in the vat. 

The small amount of material in sight to be handled would not justify the purchase 
of expensive tanks, especially since an exceptionally large amount of leaching surface 
was required, owing both to the shallowness of the leaching and its extremc slowness 
in this slimy material. A cheaper method of building vats had, therefore, to be 
found.: and, after a few experiments, the following was adopted :-A row of seven 
boxes,.2 ft. deep and 12 ft. square, braced from the outside every 4 ft., was built, 
surfaced lumher, l~ in. stnff bemg u,ed throughout, but no extra precaution being 
taken in the construction beyond thorolleh nailing. Over the cracks >trips of canvas, 
3 in. wide, were laid on top of a streak of hot (but not 1J0iled) asphalt. A sheet of 
canvas of medium weight, 16 ft. square, sewed with double seams, was then laid 
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t10wn in the vat and folded up in the corners, the side next the board being covered 
with a good layer of hot asphalt just as it was laid, causing, it to stick fast to the 
wood throughout. The upper edges were tacked to the vat, no other tacks being put 
through the canvas. The inside of the canvas lining- was then thoroughly asphalted, 
with special care about the corners. The vat floor inclined 1~ in. in 12 ft., b~th east 
and north.' In the north-west corner, 1 ft. from sides the floor had been cut i of an 
in. deep in a saucer-shaped depression, and a hole for a Ii-in. pipe bored. This was 
put in through a hole' in the canvas and bolted tight in hot asphalt with 3-in. washers 
on the canvas and on the plank below. 

Filters were of double burlap on 1 inch square strips, 1 in. apart, laid diagonally 
on the canvas bottom to within 6 inches of the sides-these held in place by canvas 
strips tacked across. Four strips 1 by 4 by 11 ft. 6 in.-cut at 45 iIegrees angle on 
corners, were laid around the bottom of the vat-a small roll of burlap being tacked 
to the thin under side, which stuck to the still-warm asphalt. To these strips was 
fastened the burlap filter. 

The outlet pipe was bent at right angles 3 in. below the vat. A short piece of 
hose was wired on it, and into the end of the hose was pushed a wooden spigot, 
which drained directly into a 2 in. by 4 in. launder running alongside the vats to the 
zinc-house. This launder was lined with a strip of asphalted canvas, and covered 
tightly except at the spigots. The same method of preventing leakage by means of 
asphalt and canvas was used in the construction of zinc boxes and solution tanks, the 
latter being built on the same general plan as the vats. 

The pumping from sump tank to old solution tank was done by a small-sized 
Pelton mutor, so set that the waste water from it could be used in leaching. Solu
tions were carried to the vats from tbe tanks by means of rubber hose. 

So much for the construction, ..-hich was certainly cheap; and 1 will warrant that 
it was also efficient, though I would not recommend the use of vats of this descrip
tion in a,ny case when the proposition would warrant the erection of substantial, 
well-built wooden tanks. With proper care, however, in the use of well-seasoned 
timber and good grade of asphalt, these vats last very well, A leak is easily 
mended by a new coat of asphalt, and this should be applied every four or six weeks 
as a precautionary measure. The tanks and vats have given excellent service, and 
are now being used to leach tailings from a 5 stamp mill since built on the ground,
S. A. Min, Jow·., 4th September, 1897.-(Reply by A. Z.) 

Que1'Y No.2. -CAUSTIC SODA AND CYANlDATlON.-To what extent is caustic soda 
now used on the Rand in connection with cyanidation 1. 

Reply No. 2.-Lime has almost displaced caustic soda for cyaniding purposes on the 
Rand as better for leaching, besides having other advantages_ The question is dis
cussed in the South Ajrican .Min'ing Jo1t1'nal of July 9, 1898. 

Que1'Y iVO, 3.-VACUUM PUMPs.-Do vacuum pumps form part of modern installa
tions, with a view to expediting the leaching of sands 1 Does not their use permit 
of fewer tanks, and, therefore, smaller capital expenditure, though at the same time 
slightly increasing working costs? 

Reply No. 3.-Vacuum pumps can hardly be said to have been generally proved 
to shorten treatment by expediting washing, owing to the tendency of solution 
under pressure to descend unevenly in channels through the charge. They may be 
considered useful, however, in completing the draining dry of a charge particularly 
at the end of treatment, in drawing air through the charge, and where collecting 
capacity is limited in accelerating the draining of a collected charge before transfer. 

Qne1'Y No. 4.-CmCULAR EXTRACTOR VATS. -What are the advantages attending 
the use of circular extractor boxes such as are installed at the Witwatersrand Gold 
~fining Co. 1 

Reply No. 4.-The use and advantages of circular zinc extractor vats were dis
cussed before this Society in August, 1899, and in the &uth Aj"ican .Mininil JO""nal 
of September 2, 1899. Possibly the employment of vats with slightly coned 
bottoms would facilitate cleaning up. The vats may be constructed of wood or iron, 
and might be imported in nests with pipe fittings complete. The use of precipitation 
vats or barrels in a small cyanide plant is described in the .Mining and &ienti/ir; 
P;'ess, San Francisco, June 27, 1903. 
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Qne)'Y No. 5.-QUANTITY OF SOLUTION.-\Vhat is the quantity of solution used in 
the best practice per ton of sands treated, and to what extent does practice show the 
quantity to be influenced by the value of the tailings being treated ./ 

Reply No. 5.-The quantity of solution used in leaching sands is mainly deter
mined by the amount required to practically complete the washing out of the 
dissolved gold. With slimy charges, or with charges of high value, naturally more 
is required before the leachings decrease in gold value below the point when they 
will not pay for precipitation and for the extra plant required to prolong treatment. 
As a rule l' 5 to 2 tons of solu tions and washes are in all required per ton of sands on 
the Rand. 

Que)'Y No. 6.-'-SHALLOWER TANKS }'on SAND 1'REAT"lENT.-ls there a tendency to 
build shallower tanks for sand treatment? If so, why'/ \Vhat are now considered 
the best sizes of tanks, say, for a 200 stamp mill 'I 

Reply No. 6.-The necessity for shallow vats is greater with difficultly leachable 
material, such as slimy tailings or dry-crushed ore, than with sands such as those 
from blanket ores. \Vith charges of a reducing nature shallow vats are also useful 
in permitting free access of air. Vats 40 ft. in diameter and 8 ft. to 9 ft. deep are 
now a .standard size for a 200 stamp mill plant, hut &0 ft. vats have been suggested, 
as havmg somewhat less initial cost for the same capacity. With transfer during 
treatment the depth of vat is of minor importance for Hand sands within reasonable 
limits. The question is referred to on p. 24 of "La Cyanuration," published at the 
Paris Exhibition, 1900. 

Query lVO. 7.-SUPERDIPOSED COLLECTING VATS.-\Vhat are the relative advan
tages of having the sand collecting tanks placed directly above the treatment 
tanks, or having the collecting tanks placed in such a way that the lowering of the 
sands charge to the treatment tanks must be by means of trucks and not by direct 
dumping? 

Reply No. 7.-The advantage of superimposed vats lies in the minimum cost of 
transfer, which simply consists in shovelling through bottom discharge doors into 
the vat below. Truck or belt transfer from collectors to leachers allows much 
{;heaper construction for a plant of the same leaching vat capacity, as, instead of one 
{;ollector to one Ie acheI', only one collector to 2~ or 3 leachers is required. A smaller 
tailings wheel may be used; the cost of supports for collectors is much reduced, as 
these may be nearer the ground, and the charge is somewhat disintegrated by 
transfer, but the cost of transfer is slightly increased as compared with the super
imposed system. 

Que;·y"Yo. 8.-RELATIVE NUMBERS OF COLLECTING AND LEACHING VATS.-If, as is 
often the case, the values extracted from the upper tanks are small, why, then, have 
the same number of collecting tanks as there are of treatment tanks? Why not have 
less collecting tanks and more treatment tanks! (See reply to No.7 above). 

Que)'Y No. 9.-SMELTING CosTs.-Since, owing to various conditions, the per
{;entage of gold in the zinc box precipitate varies considerably in different cyanide 
plants, and since it costs more to produce the same amount of bullion from low-grade 
precipitate than from high-grade, should not the cost of clean-up and smelting be 
{;ompared per pound of precipitate rather than per ounce of fine gold 1 

Reply No.9 (c,).-Costs pel' oz. fine gold give a definite base line whereby to com
pare smelting costs. 'l'he composition is definite; the composition of the slimes 
varies between wide limits. The total cost of smelting increases with the bulk of 
slimes treated. If any two clean-ups yield the same amount of fine gold, but in the 
first clean-up the bulk of slimes is double that of the second, then, calculating pel' 
oz. fine gold, the costs in the first case will be higher than in the second; calculating 
by the weight of slimes treated, the costs would be lower in the first case, thereby 
giving rise to an erroneous estimate of the total working costs. The method pro
posed would put a premium on the production of poor slimes, since this would spread 
the clean-up over a larger quantity and reduce smelting costs" per pound of slimes." 
(A. F. C.) 

Reply No.9 (b).-The cost of recovering gold from the zinc box precipitate may be 
compared with the cost of recovering gold from ore, which latter is always given pel' 
unit weight (i.e., 1 ton) of material treated, not per oz. of fine gold won. In both 
cases the expense depends only to a small extenL upon the amount of fine gold 
present, but is~mainly regulated by the cost of getting rid of the manifold greater 
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amount of valueless material. In other words, just as it would be incorrect to com
pare per oz. of gold won the working .costs of a 20 dwt. ore with a 10 dwt. ore, so 
the smeltin" costs of a 3 per cent. zinc box precipitate cannot be compared with 
those of a 10 per cent. precipitate per fine oz. of gold obtained. The advantage of 
comparing smelting costs per lb. of dry precipitate treated is that a definite constant 
weight of material, upon which the smelting cost depends, is used as a basis, whereas 
comparisons per fine oz. of gold recovered are baRed on a continually varying pro
portion of gold contents. The system of comparing smelting costs per oz. of fine 
gold recovered permits a fictitious appearance of economy by inducing an unduly 
high consumption of cyanide for the purpose of dissolving out in the boxes impurities 
in the precipitate, which is thereby rendered of higher grade and the smelting costs 
pc>' 8e lessened. About six tons of the average material cyanided on the Rand are 
required to yield an ounce of gold, hence an increased cyanide conRumption of O·llb. 
of cyanide per ton "'ill involve greater expense than any increase of smelting costs 
up to 5d. per oz. of fine gold. (W. A. C.) 

QUe1'L! No. 10.-PEHCENTAGE OP SLIMES IN MILL PULP.-Is there a simple method 
for determining the percentage of slime in mill pulp 1 

Reply No. 10.-The determination of slimes in the mill pulp is not an absolute 
determination, such as the assay of pyrites in the pulp, Imt by using- the following' 
method and working under uniform conditions, the result can be relied on to 0'5 per 
cent. on the sample treated. A cone is constructed of sheet zinc or tbin galvanised 
plate to the dimensions 19 ins. vertical height, 9 ins. diameter, and fitted with a 
i-in. pipe at the apex, and 7 ins. up from the apex a ~-in. pipe is let in. Both these 
pipes are connected with flexible rubber tubing and closed with screw clamps. A 
~-in. tube is let into the periphery of the cone to carry off the water. 500 grammes 
of the dried pulp, previously soaked in water for about an hour, is then washed into 
the cone. A stream of water. led through a i-in. glass tube to the apex of the cone, 
and having an effective head of 2 ft. 6 ins., is now allowed to run into the cone, 
rising through the pulp and overflowing at the opening near the edge of the cone. 
When slimes cease to come off, the water is shut off. After a few minutes, the tube 
7 ins. from the apex is opened and the clear water run off. The lower tube is then 
opened and the sands washed into a pan, dried and weighed. The loss of weight 
gives the amount of slimes present. (A. F. C.) 

QUe/'L! No. Il.-PEHm:NTAGE OF SLIMES Los'l'.-Ts there a simple method for 
determining the percentage of slimes lost from cyanide works where no slimes plant 
exists 1 The prevailing conditions are pulp conducted direct from mill into deposit
ing tanb, fitted with Butter's distributor and run overflow, the slime then passing 
by way of open launders to slime dam. 

Reply No. Il.-One method of obtaining this information is to take weight of 
sands plus concentrates and deduct from tbe total of tons crushed in mill, the differ
ence in weight being the slimes sent to the dams. It must be noted that in using
this method weights must be calculated over the same period in both mill and 
cyanide works. The only other method would be to erect a weir which will give the 
quantity of water passing over it, and then, by taking frequent samples, to determine 
the amount of solid matter the water contains. (C. H. P.) 

Query No. l2.-PYHOLUSITE.-How can the occurrence of pyrolusite upon the 
surface of the dolomite formation in this country be explained 1 

Reply No. l2.-The on)y reason I can see for the occurrence of pyrolusite upon 
the surface of the dolomite formation in this country must be due to the erosion 
and decomposition of the dolomite, but, >trange to say, as far as I am aware, the 
analysis of dolomite does not show thc presence of manganese, but certain bands of 
dolomite mmt contain a high percent age of manganese, and it is due to the decom
po,ition of this band that we get pyrolmite, wad, and other ores of manganese on 
the surface of the dolomite. (D. J. W.) 

Q1<e/',If No. l3.-COOLING AMALGAMATED COPPEH PLATEs.-When circumstances 
necessitate the scaling of amalgamated copper plates, is it the best practice to cool 
the plates suddenly in cold water after scaling, or to allow them to cool gradually 1 
By the former method the copper is rendered much softer than when cooled slowly. 
and, I should think, should thus be in the best condition for the amalgamation of 
gold. Is this so 1 
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Reply No. 13.-Yes, cool quickly in as pure water as Can be obtained r' 
by preference. Plates should always be as soft as possible, for more easiiy a{;, wa.ter 
-and retaining mercury. (R. G. B.) a sorbmg 

Que;·y No. H.-AURIFEROUS J\IATTl,.-What is the best method of recovering 
gold from matte, such as is formed sometimes in smelting of gold slimes, and in 
refining base bullion with sulphur 1 Furman says that remelting the matte with 
soda and borax gives a clean matte; but I have found that only about 50 per cent. 
-of the gold present is recovered by the first smelting, and that several fusions with 
fluxes are necessary to remove the bulk of the gold. 

Reply No. H.-If the matte referred to is a lead matte, the bulk of the gold may 
be recovered from it as lead bullion by fusing with thin iron rods, but in this case 
the iron matte formed will still carry a certain amount of gold. A preferable plan, 
involving the production of lead bullion, is mixing the finely crushed matte with 
fluxes and sufficient litharge to oxidise the base metals and sulphur present; the 
latter, on fusion, passes off as gas, leaving lead bullion and slag. If it is desired to 
recover the gold as gold bullion from matte, the finely crushed matte may be mixed 
wi.th fluxes, .a,:,d sufficient manganese dioxide, !,S determined by preliminary small 
tna~s, to oXidise the base. metals and sulphur m the matte, so that on fusion gold 
bullion and slag are obtamed. Nitre is not to be advocated as an oxidiser as its 
action tends to be too violent. Various other methods of dealing with matte'might 
be suggested, but the foregoing are probably as cheap and efficient as any. 

Qu,,'y No. 15.-- GOLD IN SLAG.-ln smelting gold slimes does the addition of sand 
-and soda generally give a shg poorer in g lid than when borax alone is used for 
fluxing! Does it follow that the most fluid slag contains the least gold 1 I smelt 
with the following proportions: -Slime (acid treatment and roasting) 100 parts, 
borax glass 33, nitre 3 to 4, and get as fluid a slag as could possibly be obtained by 
any combination of fluxes. 

Reply No. 15.-Gold is retained in slag, either dissolved in the case of a very 
highly oxidised slag (see remarks by Dr T. K. Rose at meeting of this Society, 
October 1902) 1 or mechanically suspended, in greater or less degree, according to 
the viSCOSity or otherwise of the slag, or pos5ibly as a sulphide in the case of slags 
containing dissolved base metallic sulpbides. The use of sand and soda does not 
necessarily give a slag poorer in gold than homl< alone, as the latter gives a very 
fluid slaD', beinD' only surpassed by boric oxide. 'fhe 'function of sand is to protect 
the clay liner C of the crucible against corrosion, which borax only does very in· 
efficiently, unlcss in considerable excess. 1'he proportions of slimes and fluxes 
mentioned in the question would probably give a very corrosive slag, unless the 
slimes themselves contain much sand. Cases are known of calcined slimes contain
ing so much ferric oxide that a reducer instead of oxidiser was needed on smelting. 
-otherwise an infusible layer, consisting mainly of ferric oxide, and carrying much 
finely divided gold, formed above the bullion, and the slag carried mnch silver. In 
this case smelting in plumbago crucibles without liners gave satisfactory bullion. 

1 See Proceedings, vo1. iiL, pp. 59-62. 
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of  Gold in Cyanide Solutions, d»D 
Determination of  Constants m Work-

ing Cyanide Solutions, Discussion 

Determination of  Oxygen in Working 
Cyanide Solutions, 5b4 

Estim&ati(m of'(fold  in Working Cyanide 
Solutions, Discussion on 3U4 

precipitation of  Gold in Cyanide Solu-
tions, Discussion on, • 

Purple of  Cassius Test for  Use in 
Cyanide Works, 688 . . 

Some Mine Gases and Miner's Phthisis, 
Discussion on, 70 

Ventilation of  Deep Levels, Discussion 

Eich°ar'ds,J J. W. Applications of  Elec-
tricity to Metallurgy, tol . 

Kie<>-ler, E. Gasometric and Gravimetric 
Methods for  Determining Ammonia, 

RoskeUey, I. Metallurgical Practice of 
the Rand, Discussion on, lJb 

Mill Construction, Milling and Amal-
gamation, 405 

Discussion on, 462 , n ) 
Ruesrer C E. Method for  Direct Deter-

mination of  Alumina in Metallurgical 

K u p p P r K U ™ r i t i o n of  Metals by means 

of  Formation of  P e t r o l j ; U I V 
Salkiuson, A. System, of  Crushing Rock 

in Stages, Discussion on i i ^ 
Saner C. B. Underground Handling and 

Transport of  Ore, Discussion on, 339 
V e n S o n of  Deep Levels, Discussion 

Sane° i n ' c . 5 B. , and Carter, G. Under-
S ^-ound Handling and Transport of 

S a w y £ ' A · 9 » · Some Mine Gases and 
Miner's Phthisis, Discussion on, 64 

Underground Handling mid Transport 
of  Ore. Discussion on, -ilJ 

Scudder, Jrl. Prevention of  Bumping, 

Schnatterbeck, C. C Magnesite, i t 
Uses and Value, {00 

S e n d e e * J. Β ,.andSabatier P. Theory 
of  Formation of  Petroleum, <93 

Sexton H. Refractory  Materials ιαΖ 
W J Double Cvanides of 

S h a r Z i n c Potassium and Sodium, 

S i l b e T e r g e r , R. Determination of 

Simpson'^W. & S e n d i n g Machines used 

^ M t f - S u l p h u r  by Gold, 

756 

Smart G 0 . Mill Construction, Milling 
and Amalgamation, Discission on, 

Snell4°J. F., and Benedict. S. Method 
for  Estimation of  Chlorides, Brom-
ides, and Iodides, 690 

Strange, H. F. Annual Dinner, Speech 

S w i f t % .  B. Assay of  Copper Bullion, 

Swinburne, J. Chlorine Smelting with 

T a v e n e i f p ^ '  Notes on Smelthig and 
Cupellation, Discussion on 3/0 

Teesdale, J. E. Mill Construction Μdl· 
ing and Amalgamation, Discussion 

he; ι -
Carbon Monoxide, W 

Torrente, M. Metallurgical Practice of 
Virg^e*3 W^EI. ^Consumption of̂  Zinc 011 

W a u T o ! " Modern Methods in 
Ore Treatment by Cyamding, 755 

Weiskopf  E. Manufacture  of  Nitro-
Glycerine Explosives, Discussion on, 

Whitby A. Analyses of  Some Wit-
watersrand Soils, Discussion on, 

Determination of  Constants in Work-
ing™ y a m ^ Solutions, Discussion on, 

W h i t e 6 H. A. Decantation Process of 
Slimes Treatment, Discussion on, 

Determination of  Oxygen in Working 
Cyanide Solutions, Discussion on, 

Solution of  Gold in Tailings Heaps, 
Discussion on, 652 

Whitnev W R. Corrosion of  Iron, by» 
Wilkes Η R· S. Mill Construction, 

Milling and Amalgamation, Discus-

SySitem0nof4Crushing  Rock in Stages, 
W i w t l ' ^ n a l y s e s o f S o m e W i t -
W watersrand Soils, Discussion on 606 

Some Mine Gases and Miner s Phthisis, 
Discussion 011, 47, 52, bb 

Williams C. Η. N. Some Mine Gases 
a n T k i n e r ' s Phthisis, Discussion on, 

Williams, G. W . Analyses of  Some Wit-
watersrand Soils Discussion or 601 

Determination of  Constants in, W o i k 
ing Cyanide Solutions, Pt. 1., n o , 
Pt I I 494 

Determination of  Constants in Work-
ing Cyanide Solutions, Discussion on, 
519 
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Williams, G. W.-umtinucd 
Determination of Oxygen in Working 

Cyanide Solutions, Discussion on, 
573 

Williams, J. R. Annual Report, Discus
sion on, 673 

Automatic Pulp Sampler, Discussion 
on, 233, 235 

Decantation Process of Slimes Treat
ment, Discussion on, 561, 562 

Estimation of Gold in Working Cyanide 
Bolu tions, Discussion on. 302 

11 etallurgical Practice or' the Rand, 
Discussion on, 174, 210 

Williams, J. R.-contin1ICd 
Mill Construction, Milling and Amal-· 

gamation, Discussion on, 457 
Notes on Classification, Discussion on,. 

293 
Presentation, Speech nt, 649 
Presidential Address, Discussion on, 8 
Prize Scheme, Discussion on, 673, 674 
Some Mine Gases and Miner's Phthisis,. 

Discussion on, 20 
Yates, J. Metallurgical Practice of the· 

Rnnd, Discussion on, 173 
System of Crushing l:fock in Stages,. 

Discussion on, 107 
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INDEX 1'0 SUBJECTS 

ACETYLENE Flame, Temperature of 
(Fery), 794 

Aerial Gear, Description and Working 
of (Hay), 338 ; (Saner and Carter), 323 

Aerial Gear, Economic Position of the 
(Hutton), 329 

Aerial Gear and Boys, Efficiency Test 
of (Hamilton), 334, 337; (Saner and 
Carter), 323, 340 

Agriculture, Development of, in South 
Africa (Cullen), 8; (Pearce), 6 

Air, Analysis of Council Chamber (Hey
mann),262 

Air, Collection of Dust in (Heymann), 
69; (Pakes), 69 

Air, Expired, Composition of (Sawyer), 
64 

Alcohol, Germicidal Action of, 783 
Alcohol Flame, Temperature of (Fery), 

794 
Alkali Cyanides, Analysis of (Feld), 700 
Alloys, 728 
Alloys, Carbon-Iron, 732 
Alloys for Armour-Plates and Projec

tiles (Ohly), 728 
Alloys for Chronometric Apparatus 

Ohly),728 
Alloys for Steel-Making (Ohly), 728 
Alloys, Study of, Suitable for Bearing 

Purposes (Clamer), 691 
Alumina, Direct Determination of, in 

Metallurgical Products (Rueger), 708 
Aluminates, Hydration of (Keiser and 

Forder), 703 
Aluminium, Action of Sodium Per

oxide on (Moir), 305 
Aluminium, Effect of Heat on (Granger), 

714 
Aluminium, Effect of Uranium on, 766 
Aluminium, Powdered, Use of, in 

Explosives, 778 
Amalgam for Precipitating Gold (Calde

cott and Johnson), 264 
Amalgamation, Extraction by, and direc

tion of Reef (Denny), 126, 217; 
(Williams), 176 

Amalgamation, Gold saved by Mercury 
Traps in, 732 

Amalgamation, Inside (Denny), 126 
Amalgamation, Inside, Advantages of 

(Peplar), 430, 431 
Amalgamation, Inside, Inaccuracy of 

Screen Samples in (Peplar), 432; 
(Roskelley), 417, 470 

Amalgamation, Inside, Objections to
(Roskelley), 416, 417; (Smart), 452 

Amalgamation, Use of Lime in (Pearce), 
683 

Amalgamation Plates, Action of Cyanide
on, 739 

Amalgamation Plates, AdvisibiJit,y of 
Dividing, 748 

Amalgamation Plates, Dressing of 
(Beaver), 685; (Peplar), 431; (Pitt), 
442; (Roskelley), 418, 469; (Teesdale),_ 
449 

Amalgamation Plates, Flow of Water
over (Hele Shaw), 580 

Amalgamation Plates, Prevention of Loss 
of Mercury from (Beaver), 685 

Amalgamation Plates, Remedy for Dis
colouration of, by Copper Salts, 739 

Amalgamation Plates, Scaling of 
(Roskelley), 418, 800 

Amalgamation Plates Scalings, Recovery 
of Gold fro:n (Roskelley), 419 

Amalgamation Plates, Setting of 
(Roskelley), 417 

Amalgamation Plates, Silver for, 755 
Amalgamation Plates, Trials with 

Shaking (Carter), 435; (Roskelley), 
471 

Amalgamation Practice (Alexander), 184;_ 
(Denny), 126 

Amalgamation Practice, Australian 
(Denny), 128 

Amalgama tion Practice, Economic 
Aspect of (Denny), 171 

Amalgamation Practice, Loss of Mercury 
in (Denny and others), 127, 176, 197, 
218, 417,424,432, 449, 452, 470 

Amalgamation Practice, Mercury Traps 
in (Pitt), 443; (Smart), 453 

Amalgamation Practice, Percentage of 
Gold in Amalgam in (Denny), 127 

Amalgamation Practice, Recovery of 
Gold by (Alexander), 184; (Denny), 
128; (Johnson), 190; (Williams), 
174-76 

Amalgamation Practice, Scraping of 
Plates in (Denny), 128 

Amalgamation Practice, Sizc of Copper
Plates in (Denny), 126 

Amalgamation Practice, Temperature of 
Water in (Denny), 128 

Amalgamation Practice, Use of Cyanide 
in (Roskelley and others), 415, 416, 423, 
433, 435, 438, 442, 447, 452, 462, 469 
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810 Index to Sub/eets 

Amalgamation Practice, Use of Lime in 
(Bevington), 423; (Denny), 127, 217 ; 
(reesdale), 449; (Williams), liB 

Amalgamation Tables, Supports of the 
(Peplar), 426 

Amalgamator, A Mechanical, 728 
Ammonal, 778 
Ammonia, Determination of, with Iodic 

Acid (IUegler), 706 
Ammonia-Cyanide Process for Treating 

Copper, N ickel, ~r Zinc Ores containing 
Gold (Mosher), 729 

Analyse, of Some W itwutersrand Soils 
(Croghan), 587 

Analysis, Standardising }T ethods of 
(Pearce), 6 

Ankylostomiasis: A Forewarning (Pakes), 
389 

Ankylostomiasis, Cause of (Pakes), 390 
Ankylostumiasis, Diagnosis of (Pakes), 

396 
Ankylostomiasis, Geographical Distribu

tion of (Pakes), 389, 390 
Ankvlostomiasis, Historicul Note on 

(Fakes), 389 
Anky lostomiasis, Methods of Infection in 

(Pakes), 392; (Porter), 398; (Prister), 
402 

Ankylostomiasis, Methods of Prevention 
of (Carter), 404; (Irvine), 401 ; (Pakes), 
396; (Prister), 402 

Ankylostomiasis, N umber of Cases of, in 
Westph",lia (Pearce), 397 

Ankylostomiasis, Occurrences of, among 
Italian Miners (Irvine), 399; (Prister), 
401 

Ankylostomiasis, Production of 
in (Pakes), 394, 395 

Ankylostomiasis, Symptoms of (Pakes), 
390, 394, 395 

Ankylostomiasis, Synonyms for (Pakes), 
389 

Ankylostoma duodenale, Conditions for 
development of (Pakes), 392 

Ankylostoma duodenale, Description and 
Life History of (Pakes), 390, 391 

Ankylostoma duodenale, Disposal of the 
Blood within (Pakes), 394 

Ankylostoma duodenale, Longevity of 
(Pakes), 391, 395 

Anodes for }<]lectrolytic Precipitation of 
Gold (Hn,milton), 343, 344, 358 

Annual Dinner, 657 
Annual Dinner, Speeches at (Pearce), 

657, 661; (Lord Milner), 658; (Prof. 
Hele Shaw), 660; (Caldecott), 662; 
(Strange), 663; (Catlin), 663; (Dale 
Lace), 663 ; (Langermann), 664 

Annual Report, 668 
Anthracosis, Experimental Production of 

(Oliver), 770 
Anthracosis, 'l'ubereulosis Theory of 

(Oliver), 771 
Antidote recommended for Cyanide 

Poisoning, 681 
Antimony, Boiling-Point of (Krafft), 706 

Aqua .Regia, Preparation of (}loir), 301, 
306 

Arrastra for Grinding Concentrates 
(Christy), 743 

Arsenic Scare in England (Cullen), 51 
Artesian Wells in Peru, 781 
Atmosphere, Composition of (Johnson), 

237 
Atomic Weights, 'l'able of International, 

707 
Auriferous Boiler Scale (0 'Driscoll), 781 
Auriferous Matte, Gold Recovery from, 

801 
Australiu, Gold Mining in (Pearce), 5 

BABBITT Metal, Composition of (Clamer), 
692 

Bag-Filtering Systems, 730 
Ball Mill or Gravity Stumps, 730 
Ball Mill, Crushing Efficiency of, 730 
Ball Mills for Dry Crushing, 754 
Bunket, Location of Gold in (Caldecott), 

no; (Chester), 108; (Crosse), 104 
Banket, Proportion of Pyrites in 

(Prister) 71 
Banket Ores of the Rand, Hardness of 

(Denny), 130 
Banket Ores of thc Rand, Physical 

Variations~n (Denny), 130; (Williams), 
175 

Burium Cyunamide, Preparation of 
(Erlwein), 693 

Bauxite, Composition of, 731 
Bauxite, Manufacture of Firebrick from, 

730 
Bauxite Bricks, Manufacture of (Sexton), 

753 
Belt Conveyers in Stope Working (Saner 

and Carter), 323 
Bismuth, Boiling-Point of (Krafft), 706 
Black Sand, Assay Value of (Crosse), 196 
Black Sands, Treatment of, from Amal-

gamation (Denny), 127 
Blanton Carns, Advantages of (Roskelley 

and L,thers), 406, 421, 427, 437, 445, 
448, 451,465 

Blanton Corrugated Shaft (Peplar), 427 
Blast-Furnace Gases, Investigation of 

(Brough), 731 
Blast - Furnace Slag, Composition of 

(Gemmell), 721 
Blast - Furnace Slags, Zinc Oxide in 

(Piddington), 362 
Blasting Gelatine, Causes of Burning of 

(Prister), 255 
Blasting Gelatine, Composition of 

(Sawyer), 64 
Blasting Gelatine, Manufacture of 

(Cullen), 312 
Blasting Gelatine, Volume of Poisonous 

Gases frOm Burning (Prister), 255 
Boiler Plates, Corrosion of, 786 
Boiler Scale, Auriferous (O'Driscoll), 781 
Boiler Scale, Gold in Rand, 7t11 
Boiler Water, l{emoval of Oil from, 786 
Bone Ash (Firth), 684 
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Index to Subjects 81 I 

Bone Ash, Manufacture of, 781 
Bone Ash Cupels, Bumping of (Firth), 

684 
Bone Meal, Composition of (Prister), 

596 
Brass, Determination of Small Amounts 

of Nickel in (Lewis), 715 
Brass, Manufacture of, 750 
Brickmaker's Disease. See Ankylosto-

miasis (Pakes), 389 
Bronze, PlaRtic, Composition of (Clamar), 

692 
Bumping, Prevention of (Scudder), 724 
Bunsen Burner Flame, Temperatnre of 

(Fery), 794 

CALCIUM, Boiling-Point of (Kmfft), 706 
Calcium Carbide, Reducing Action of, 

750 
Oalcium Cyanamide, Action of Acids on, 

786 
Oalcium Cyanamide, Action of Super

heated Steam on, 786 
Oalcium Cyanamide, ~ranufacture of 

(Gerlach and Wagner), 736 
Oalcium Cyanamide, Manurial Experi

ments with, 786 
Calcium Cyanamide, Preparation of 

(Erlwein), 694 
Oalcium Cyanide, Reactions of (Williams), 

489 
Oalcium Cyanide Solution, Action of, on 

Gold (Williams), 489 
Calcium Oxide, Solubility of, in Potas

sium Cyanide (Williams), 490 
Calorimeters, Comparison of Different 

Types of (Brame and Cowan), 696 
Cams, Blanton, and Keyed (Roskelley 

and others), 406,421,427,437, 445, 465 
Carbon Dioxide, Determination of, in 

Mine Air (Prister), 255 
Carbon Dioxide, Production of, from 

.Explosives (Prister), 253, 2\5 
Carbon Dioxide, Proportion of, in Mine 

Air (Sawyer), 64 
Carbon Dioxide in Tobacco Smoke (Moir), 

526 
Carbon Monoxide, Action of, on the 

Human System (Heymann), 14, 17 
Carbon Monoxidc, Affinity of, for Hremo

globin (Heymann), n, 20,79 
Carbon Monoxide, Detection of, in the 

Blood (Heymann), 19; (Irvine), 30 
Carbon Monoxide, Determin"tion of, in 

Pit Air (Fillinger), 702 
Carbon Monoxide, Effect of, on the 

Nervous System (Heymann), 17 
Carbon Monoxide, Limit of Proportion 

in Atmosphere of Workshops, etc, 
(Heymann), 16 

Carbon Monoxide, Personal Susceptibility 
to (Caldecott), 43; (Heymann), 14; 
(Moir),47 

Carbon Monoxide, Production of, in 
Mine Air (Heymann and others), 13, 
28, 46, 51, 52, 57, 59, 60, 61, 70 

Carbon lIlonoxioe, Proportion of, in Com
pre.sor Air (Cullen), 58; (Heymann), 
76; (Johnston), 21 ; (Sawyer), 65 

Carbon Monoxide, Proportion of, in iliine 
Air (Heymann and others), 22, 28, 29, 
46, 56, 58, 59, 73, 76 

Carbon Monoxide, Test for, in Mine Air 
(J ohnston), 23 

Carbon Monoxide, Toxic Dosc for Man 
(Heymann), 15; (Sawyer), 64 

Carbon Monoxide, Toxic Dose for Rabbit 
(Heymann), 15 

Carbon Monoxide, Toxic Proportion in 
Air and Effects on Respiration (Hey
mann), 15, 16, 17, 20; (Irvine), 29; 
(Johnston), 22 

Carbon Monoxide and Miner's Anremia 
(Irvine), 30; (pakes), 41 

Carbon Monoxide in Tobacco Smoke 
(Macaulay), 531; (Moir), 526 

Carbon Monoxide Poisoning, Acute Form 
of (Heymann), 16,18; (Irvine), 28 

Carbon Monoxide Poisoning, After 
Effects of (Heymann), 18 

Carbon Monoxide Poisoning, Chronic 
Form of (Heymann), 16, 19; (Irvine), 
29, 30 

Carbon Monoxide Poisoning, Diseases 
produced ,by (Heymann), 19 

Carbon Monoxide Poisoning, Proportion 
in Air to produce (Prister), 255 

Carbon Monoxide Poisoning, Symptoms 
of (Heymann), 16; (Irvine), 29 

Carbon Monoxide Poisoning, Usa of 
Oxygen in, 685; (Davis), 774 • 

Carbon Monoxide Poisoning and Gassing 
(Irvine), 28 

Carbon Monoxide Poisoning and Tension 
of Oxygen (Heymann), 20 

Carborundum, Coating Furnace Bricks 
with, 732 

Carborundum, Preparation and Proper
ties of, 694 

Cathodes for Electrolytic Precipitation of 
Gold (Hamilton), 344 

Cement Paint for Iron (Andes), 788 
Chalk, Illuminating Gas from, 783 
Challenge and Hunter Ore Feeders, Com-

parison of (Atkinson), 456; (Roskelley), 
467 

Chlorides, Bromides, and Iodides, Esti
mation of (Benedict and Snell), 690 

Chlorine, Determination of, in Soil 
(Croghan), 594 

Chlorine Smelting with Electrolysis 
(Swinburne), 734, 735 

Ci""r, Composition of Smoke froin (~Ioir), 
526 . 

Cigarettes, Composition of Smoke from 
(Moir),526 

Clay, Egyptianised (Acheson), 782 
Classification, Notes on (Carter and Bnr

nett), 281 
Clean-Up). Assay of, by Lead Smelting 

and I,;rucible Methods (Tavener), 
375 
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812 Index to Subjects 

Clean-Up, Process at :Minas Prietas 
(Hamilton), 345 

Coal, Rapid Method for Determination 
of Sulphur in (Pennock and l'<Iorton), 
714 

Coal Ash, Determination of Fusibility of 
(Cobb),695 

Coal Ash, Determination of Phosphorus 
i,-, (Cobb), 695 

Coal Ash, Loss of Heat Efficiency due 4> 
(Cobb),694 

Coal Ash, Phosphoric Acid in (Donald
son), 607; (Prister), 607 

Coal Ash, Rand, Gold in, 695 
Coal Dust, Action of, on Amoeb;e 

(Oliver), 769 
Coal Dust, Effect of, on the Lungs (Louis), 

782; (Perry), 782 
Coal Miner's Phthisis (Hamilton), 773; 

(Oliver), 771 
Coal-Testing, Importance of (Brown), 

783 
Coarse Sands, Crushing of, and Screening 

Trials (Chester), 93 
Coarse Sands, Separation of, and Re

grinding (Chester), 109 
Coarse Sands and Screening (Beaver), 

685 
Cobalt, Detection of, in presence of 

Nickel (Copaux), 695 
Cobalt Salts, Antidote for Cyanide 

Poisoning, 680 
Coke, Rapid Method for Determination 

of Sulphur in (Pennock and Morton), 
714 

Collecting Tanks, Superimposed, 799 
Concentrates, Addition of Sand to (Car

ter and Burnett), 282 
Concentrates, Agitation Experiments 

with Cyanide Solution on (Denny), 143, 
150, 151; (Dixon), 181 

Concentrates, Assay Value of (Denny), 
132, 133, 134, 136, 220; (Edwards), 
193 

Concentrates, Chlorination Treatmcnt of 
(CarleI' and Burnett), 283; (Denny), 
132, 139, 140, 141 

Concentrates, Classification of, by Spitz
lutten (Alexander), 290; (Carter and 
Burnett), 285, 294 

Concentrates, Classification of, by Van
nera (Alexander), 290; (Carter and 
Burnett), 282, 285 

Concentrates, Condition of Gold and 
Pyrites in (Denny), 140, 219, 2~0; 
(Williams), 177 

Concentrates, Cyanide Treatment of 
(Carter and Burnett), 283, 284, 289 

Concentrates, Elutriation Experiments 
on (Blume), 112; (Crosse), 104 

Concentrates, Fine Crushing of, and 
Gold Extraction (Caldecott), Ill; 
(Laschinger), 558; (Williams), 562 

Concentrates, Frue Vanner, Producing 
and Treating (Denny), 131, 132, 137, 
219 

Concentrates, Frue Vanner and Spitzlutte~ 
Profits from Treatment of (Denny), 
136-139; (Williams), 178 

Concentrates, Methods for Grinding 
(Christy), 743 

Concentrates, Panning Tests of (Calde
cott), 195 

Concentrat~s, Presence of, in Tailings. 
Heaps (Carter and Burnett), 289 

Concentrates, Production and Treatment 
of, iIi 1899 (Denny), 129 

Concentrates, Ratio of Gold to Pyrites. 
in (Caldecott), 196 

Concentrates, Recovery of Gold by Amal
gamation of (Denny), 150, 151; (Leu
pold), 191 

Concentrates, Recovery. of Gold by 
Cyanide Treatment of (Denny), 140,. 
142,218 

Concentrates, Recrushing of (Carter and 
Burnett), 285 

Concentrates, Roasting of, and Gold 
Extraction (Caldecott), 111 

Concentrates, Spitzlutte, Producing and 
Treatment of (Dcnny), 134, 137, 138 

Concentrates, Spitzlutte, Proportion of 
Gold in Residues from (Caldecott), 110 

Concentrates, Spitzlutte, Scheme for' 
Re-grinding of (Caldecott), 109 

Concentrates, Treatment of, by Cyanide. 
Process (Denny), 133, 140, 141, 216, 

- 221; (Edwards), 193; (Johnson). 188, 
189 

Concentrates, Treatment of, in Tube. 
Mills (Williams), 562 

Concentrates Problem, Economic Aspect 
of (Carter and Burnett), 284, 285 

Concentration, Frue Vanner Method of 
(Denny), 133; (Johnson),. 187 

Concentration, Object of (Denny), 129 
Concentration, Practical Aspect of 

(Denny), 129 
Concentration, Recovery of Gold by 

(Denny), 129; (Edwards), 193 
Concentration, Spitzlutt~ J\Jethod of 

(Denny), 133; (Johnson), 187 
Consumption of Zinc on Cyanide Plants. 

(Virgoe), 615 
Copper, Boiling-Point of (Krafft), 706 
Copper, Extraction of, with Sulphurou& 

Acid,738 
Copper, New Method of Extracting, from 

Sulphide Ores, 738 
Copper Bullion, Assay of (Swift), 718 
Copper Deposition, Elmore Process of, 

742 
Copper Extraction, Laist Process of, 746. 
Coppcr Ores, Treatment of, for Gold, 740 
Copper Pyrites, Decomposition of, for 

Analysis (Boucher), 786 
Cornish Miners, Mortality of, from 

Phthisis (Cullen), 57; (Irvine), 25; 
(Wilkinson), 53 

Crushing, Distribution of Water in Mortar
Box in (Beaver), 435; (Peplar), 429;. 
(Pitt), 442 ; (Roskelley), 414, 471 
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Index to Subjecls 

-Crushing, Fine, and Gold Recovery, 733 
Crushing, Fineness of, and Extraction 

(LaRchinger), 533, 558 
-Crushing, Fineness of, Factors in (Ros

kelley),412 
Crushing, Height of Discharge in (Ros

kelley), 468; (Smart), 452 
Crushing, Height of Discharge in, and 

Slimes (Peplar), 430; (Roskelley), 413 
'Crushing, Importance of Water-Supply 

in (Roskelley), 414 
-Crushing, Length of Drop of Stamps in 

(Beaver), 4.31; (Peplar), 429; (Pitt), 
442; (Roskelley), 413 

Crushing, Order of Drop of Stamps in 
(Roskelley and others), 413, 423, 427, 
442, 451, 468 

-Crushing, &'tt~ of, Il:nd Screening (P~p
lar), 430, 433; (Pitt), 441; (Powne), 
446; (Roskelley), 411, 412 

-Crushing, Regulation of Water-Supply in 
(Pitt), 442; (Roskelley), 414 

Cupel, Construction of (Graham), 366 
Cupel Mixtures (Burnett), 367; (Graham), 

366; (Piddington), 361 
-Cupellation, Cost of (Graham), 366 
Cupellation Furnace, Objections to, for 

Smelting (Graham), 365 
'Cupellation Furnace for Smelting Rich 

Gold Produ(:ts (Graham), 366; (Pid
dington), 361 

Cupels, Bumping of Bone Ash (Firth), 
684 

Cupels, Mabor, Composition of (Firth), 
684 

'Cupels, Magnesia (Johnson & Maxwell
Lyte), 747 

Cuprous Chloride, Preparation of (Tich
borne), 702 

Cyanates, Estimation of, in Potassium 
Cyanide Commercial (Ewan), 722 

Cyanide Bullion, Refining of, 751 
Cyanide Materials, Crude, Analysis of 

(Feld), 702 
Cyanide Plant, Presence of Mercury in 

(I{oskelley), 197 
Cyanide Plant, Tank Capacity of (Carter 

and Burnett), 287, 295 
Cyanide Plant for Treatment of Tailings, 

797 
'Cyanide Poisoning, Antidote recom

mended for, 681 
,Cyanide Poisoning, Report of Committee 

on, 679 
Cyanide Poisoning, Report of Medical 

Sub-Committee on, 680 
Cyanide Poisoning, Symptoms in Dogs 

with, 681 
Cyanide Poisoning, Treatment for, 679 
'Cyanide Poisoning, Various Antidotes 

for, 680 
'Cyanide Process of Gold Extraction, 

Notes on the Limitations of (Durant), 
380 

Cyanide Resiciues, Assay of (Cal dec ott), 
110 

C~ani~e Solutions, Accumulation of Zinc 
III (lJaldecott), 640; (Virgoe) 635 

Cyanide Solutions, Action of Caustic 
Alkalis on (Williams), 475 

Cyanide Solutions, Action of Sodium 
Carbonate on (Williams), 486 

Cyanide Solutions, Colorimetric Estima
tion of Gold in (Cassel), 718; (llfoir) 
299, 300; (Prister), 688 ' 

Cyanide Solutions, Composition of 
(Williams), 507, 523 

Cyanide Solutions, Composition before 
and after Regeneration (Williams), 
508 

Cyanide Solutions, Copper Fouling of, 
738 

Cyanide Solutions, Definition of Pro
tective Alkali of (Williams), 495 

Cyanide Solutions, Determination of Bi
carbonates in (Williams), 502 

Cyanide Solutions, Determination of Car
bonates in (Whitley), 517; (Williams), 
500, 522 

Cyanide Solutions, Determination of 
Constants in (Williams), 473 

Cyanide Solutions, Determination of 
Free Cyanide in (Willinms), 494 

Cyanide Solutions, Determination of 
Ferrocyanides in (Williams), 503 

Cyanide Solutions, Determination of 
Gold in (Whitby), 517, 518; (Williams), 
504 

Cyanide Solutions, Determination of 
Lime for (Virgoe), 628 

Cyanide Solutions, Determination of 
Lime in (Whitby), 517; (Williams), 
502 

Cyanide Solutions, Determination of 
Oxygen in (Prister), 565-570; (White) 
573 

Cyanide Solutions, Determination of 
Protective Alkali in (Williams), 496-
499 

Cyanide Solutions, Determination of 
Sulphates ill (Williams), 502 

Cyanide Solutions, Determination of 
Sulphocyanates in (Williams), 503 

Cyanide Solutions, Determination of 
Total Cyanide in (Williams), 494 

Cyanide Solutions, Determination of 
Zinc in (Whitby), 517; (Williams), 
505. 522 

Cyanide Solutions, Effect of Calcium 
Sulphate on (Williams), 501 

Cyanide Solutions, Effect of Ferro
cyanides in Assaying (Williams), 504 

Cyanide Solutions, Effect of Heat on 
(Williams), 501 

Cyanide Solutions, Effect of Hydrogen 
Peroxide on (MOll'), 277; (Prister), 
274 

Cyanide Solutions, Effect of Lime on 
Silver Values of (Caldecott), 639 j 
(Virgoe), 629 

Cyanide Solutions, Effect of Sodimu 
Bicarbonate on (Caldccott), 639 
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Index to Subjects 

Cyanide Solutions, Estimation of Zinc in 
(Virgoe), 638 

Cyanide Solution, Factors controlling 
Solution of Gold in (Denny), 144 

Cyanide Solutions, Fouling of, by Zinc 
(Virgoe), 627 . 

Cyanide Solutions, Free Cyanide in 
(Williams), 490, 492 

Cyanide Solutions, Loss of Strength of, 
by Agitation (Denny), 154 

Cyanide Solutions, Mass ActJon in 
(Williams), 486 

Cyanide Solutions, Oxidising Agents for 
(Cassell. 718, 719 

Cyanide Solutions, Precipitation of Gold 
from (Caldecott and Johnson), 263 

Cyauide Solutions, Presence of Potassium
Calcium Cyanide in (Moir), 512; 
(WillifLms), 487, 488, 490, 520 

Cyanide Solutions, Production of Car
bonate in (Williams), 573 

Cyanide Solutions, Production of Nascent 
Hydrogen in (Caldecott and Johnson), 
265, 266, 267 

Cyanide Solutions, Proportion of Oxygen 
and Nitrogen dissolved in (Prister), 
571,572, 574 

Cyanide Solutions, Rapid Method for 
Assay of (Chiddy), 700 

Cyanide Solutions, Regeneration of 
(Crosse), 739; (Orr), 753 

Cyanide Solutions, Removal of Copper 
from, 738 

Cyanide Solutions, Removal of Oxygen 
from (Prister), 274 

Cyanide Solutions, l'ests for (Clennell), 
716 

Cyanide Solutions, Titration of Alka
linity in (Clennell), 716 

Cyanide Solutions, Titration of Cyanide 
in (Clennell), 716 

Cyanide Solutions, Use of Lime in 
(Virgoe), 636 

Cyanide Solutions, Variations in Com
position of Air in (Prister), 564 

Cyanide Solutions, Variation of Ratio 
between Free and 'rotal Cyanide in 
(Williams), 474 

Cyanide Solutions, Zinc Ferrocyanide in 
(Williams), 497, 499 

Cyanide Vats, Capacity of, per Foot 
Depth,760 

Cyanide Works Clean-up Appliances, 
Some Improvements in (Thomas), 315 

Cyauides, Complex, New Method for 
Analysis of (Dittrich and Hassel), 
709 

Cyanides, Manufacture of, from Atmo
spheric Nitrogen (Erlwein), 693 

Cyanides, Cyanates, Thiocyanates, and 
Sulphides, Estimation and Separation 
of (Milbauer), 705 

Cyanogen, Volumetric Estimation of 
(M'Dowall), 726 

Cyanogen Bromide, Treatment of Gold 
Ores with (Denny), 164, 165, 168, 169 

Cyanogen Compounds, Determination 
and Separation of, and their Im
purities (Feld), 700 

DECANTATION Process of Slimes 1'reat
ment (Laschinger), 533 

Deep LevelP, Ventilation of (Johnson), 
236 

Delay Fuses, 775 
Denayrouze Burner Flame, Temperature 

of (Fery), 794 
Detonator Caps, Absorption of Water 

by, 779 
Detonators, Sizes and Charges of, 779 
Detonators, Testing of, 778 
Diehl Process fOI Treating Telluride 

Gold Ores (Denny), 165, 166; (John-
son), 190 . 

Distributors, Kinds of (Denny), 155 
Dogs, Experiments with Potassium 

Cyanide on, 680-81 
Dogs, Symptoms in, with Cyanide 

Poisoning, 681 
Dolomite Bricks, l\fanufacture of 

(Sexton), 752 
Dolomite Bricks, Mortar for (Sexton), 753 
Drives, Rapid Removal of Broken Ore 

from (Carter), 331; (Saner and Carter), 
324 

Dry Crushing, Advantages of Ball Mill 
in (Simpson), 744, 745 

Dry Crushing, Ball Mills for, 754 
Dry Crushin!l', Difficulty in (Chester), 98 
Dry Crushmg, Edison's System of 

(Chester), 94 
Dry Crushing, Mills for (Simpson), 743 
Dry Crushiog, Output of Griffin Mill in 

(Simpson),744 
Dry Crushing, Roll Mills for, 754 
Dust, Collcction of, in Air (Heymann), 

69; (Pakes), 69 
Dust, its Action in Miner's Phthisis 

(Irvine), 27 
Dust, Mine and Road, A Comparison 

(Heymann and others), 42,45, 63, 67, 
68, 79, 85 

Dust, Prevention of, in Rock-Drilling, 
776 

Dust, Proportion of, in Mine Air (John
ston), 22; (Moir), 46 

Dust, Road, and Epidemic Diseases 
(Porter), 69. 

Dust, Road, Proportion of, in Johannes
burg Air (Heymann), 79; (Moir), 45 

Dust and Miner's Phthisis (Heymann 
and others), 12, 22, 27, 28, 30, 34, 36, 
40, 41, 44, 48, 54, 57, 63, 65, 70, 81, 
84, 87 

Dust from Quartzite tWilliams), 63 
Dynamite Factory at Modderfontein, 

Visit to, 676 
Dysentery, Occurrence of, on the Rand 

Mines (Irvine), 400 

EGYl'TlAN Chlorosis_ See Ankylostomiasis 
(Pakes), 389 
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Index to Sub/eets 8IS 

Electric Furnace, Advantage of, in 
Metallurgy (Richards), 757 

Electric Pumps, Unwatering the Com
stock Lode with, 779 

Electro - Cylinder for Precipitation of 
Gold on Mercury (Mumford), 765 

Electrolytic Precipitation of Gold and 
Silver (Hamilton), 342 

Eucalyptus, Fuel Value of (Hutchins), 
789 

Explosives, Accidents from, 766 
Explosives, Cartridging of (Cullen), 313 
Explosives, Causes of Accidents from, in 

Mines (Godfrey), 775 
Explosives, Destruction of Fumes from, 

in Mines (Moss), 775 
Explosives, Use of Powdered Aluminium 

in, 778 
Explosives, Volume of Gas from (Prister), 

253 

FAN Ventilation of Mines (Johnson), 244, 
245, 259; (Bagshaw), 258 

Farmer, Education of (Croghan), 608; 
(Prister), 599 

~'armer's Science, 782 
Feed Water, Removal of Oil from, 786 
Fehling's Solution, Indicator for Use 

with (Harrison), 710 
Fehling s Solution, Volumetric Estima-

tion of Sugar with (Harrison), 710 
Ferricyanides, Analysis of (Feld), 700 
Ferrocyanides, Analysis of (Feld), 700 
Ferrous Oxide, Determination of, in Soil 

(Croghan), 594 
Ferrous Sulphate Antidote for Cyanide 

Poisoning, 681 
Fertilisers, Artificial, Cost of, in 

Johannesburg (Croghan), 613 
Fertilisers, Artificial, Selection of 

(Croghan), 590 
Filter Press, Centrifugal Pump in Con

junction with (Thomas), 316 
Fine Grinding, Mills for, 754 
Fines, Cost of Reduction of (Virgoe), 

626 
Fines, Definition of (Roskelley), 407 
Fines, Fineness of, from Sands Plant 

(Virgoe), 626 
Fines, Fineness of, from Slimes Plant 

(Virgoe), 626 
Fines, Separation of from Metallics 

(Virgoc), 617 
Flames, In Auence of Solids on Tempera-

ture of (Fery), 7fJ3, 794 
Flames, Temperature of (Fery), 793 
Flint Mill, Action of, 754 
Flint Mill, Consumption of Flints in 

(Simpson), 74() 
Flint Mill, Dcscription of (Denny), 166-8 ; 

(Simpson), 745 
Flint Mill for Grinding Concentrates 

(Christy), 743 
Food Analysis and Fattening Powcr, 782 
Formaldehyde, Precipitation of Gold by 

(A verkieff), 714 

Furnace Linings, Materials for (Sexton), 
753 

Furnace Ventilation of Mincs (Johnson 
and others), 242, 250, 251, 257 258 
259, 261 ' , 

GALENA, Decomposition of, for analysis 
(Bouoher), 786 

Gas Liquors, Determination of Thio
cyanates in (Linder), 705 

Gases, Filtration of Solid M.atter from 
730 ' 

Gassing and Carbon Monoxide Poisoning 
(Irvine). 28 

Gassing alId Ventilation (Cullen) 56' 
(Sawyer), 64 ' , 

Gassing, Treatment for, 775 
Ge 'atine as a Solidifying Agent, 788 
German Silver, Analysis of (Lewis), 

715 
Gold, Absorption of Sulphur by (Skey), 

756 
Gold, Boiling Point of (Krafft), 706 
Gold, Coated, 735 
Gold, Colorimetric Determination of, in 

Cyanide Solutions (Cassel), 718 ; 
(Moir), 299, 300; (Prister), 385, 386, 
688 

Gold, Colorimetric Test for, Causes of 
Failure of (Melvill), 305, 306, 307; 
(Moir), 304; (Prister), 304 

Gold, Colorimetric Test for, Copper
cobalt Standards for (lIfoir), 307 

Gold, Detection and Estimation of, in 
Cyanide Solutions (Moir), 298 

Gold, Determination of, by Electrolysis 
(Perkin and Prcbble), 705 

Gold, Distribution of, in Residues (Carter 
and Burnett), 286 

Gold, Electrical Precipitation of, on 
Mercury (Mumford), 764, 765 

Gold, Factors Controlling Solution of, in 
Cyanide Solution (Denny), 144 

Gold, Failure of, to Amalgamate, 735 
Gold, Location of, in Banket (Ualdecott), 

no; (Chester), 108 ; (Crosse), 104 
Gold, Precipitation of Crystalline, by 

Formaldehyde (Averkieff), 714 
Gold, Precipitation of, by Zinc Dust 

(Caldecott), 639 ; (Pearce), 683 ; 
(Virgoe), 619 

Gold, Hate of Deposition of, on Zinc 
(Virgoe), 616 

Gold, Recovery of, by Amalgamation 
Practice (Alexander), 184; (Denny) 
128; (Johnson), 190; (Williams), 
174-6 

Gold, Recovery of, from Auriferous 
lIIatte, 801 

Gold, Recovery of, from CY:1nide Treat· 
ment of Concentrates (Denny), 140, 
142,218 

Gold. Re-dissolving of, in Zinc Box 
Solutions (Caldecott), 280; (Pristcr), 
275, 279 
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Index to Subjects 

Gold, Refusal of, tO,Amalgamate (Skey), 
756 

·Gold, Retention of, in Slag in Smelting, 
801 

'Gold, Silver and Platinum, Notes on 
Separation of (Carmichael), 710 

'Gold, Solution of, in Cyanide Solutions, 
Bodlander's Researches on (Prister), 
273 • 

·Gold, Solution of, in Cyanide Solutions, 
Production of Hydrogen Peroxide in 
(Moir), 277; (Prister), 273, 274, 278 

-Gold, Solution of, in Tailings Heaps 
(Crosse), 650, 652; (White), 652 

'Gold, Volatilisation of, in Cupellation 
(Piddington), 362, 379 

-Gold, \Vorking Costs for Recovery of, on 
the Rand (Johnson), 190 

-Gold Bullion, Electrolytic Hefining of, 743 
·Gold Dredgers, Electrical (Clark), 741 
'Gold Extraction and Fine Grinding 

(Caldecott), 111; (Crosse), 104; 
(Pearce), 103: (Salkinson), 113, 114; 
(Williams), 105 

Gold Fluoride (Lenher), 782 
·Gold Mill Losses, Cause of, 732 
·Gold Ore, Breakers, Types of (Denny), 

117 
'Gold Ore, Cost of Treatment of \Vaste 

Rock from (Bradford), 199, 200 ; 
(Denny), 120, 229 

'Gold Ore, Fines in (Denny), 121 
Gold Ore, Milling of (Denny), 124, 171, 

215 
·Gold Ore, Mode of Occurrence of Gold in 

(Caldecott), 196 
'Gold Ore, Preliminary Breaking of 

(Denny), 117 
Gold Ore, Profit on Sorting and Non

Sorting Basis (Bradford), 200-210; 
(Denny), 119, 120, 123, 21::l, 214, 228 

·Gold Ore, Proportion of Cyanide Solu
tion to, in Extraction (Denny), 147, 148, 
149, 152 

'Gold Ore, Sorting of, Object of (Denny), 
122 

·Gold Ore, Sorting and Non-Sorting of 
(Denny), 118 

-Gold Ore, Sorting and Non-Sorting, 
Applications of (Denny), 121 

·Gold Ore, Sorting and Assay Value of 
Waste Rock from (Bradford), 207; 
(Denny), 121, 124., 230 

Gold Ore, Sorting and Non-Sorting, 
Extraction from (Denny), 118 

'Gold Ore, Water Carriage of (Hele Shaw), 
575 

Gold Ore, Venezuelan, 763 
·Gold Ores, Aeration in Cyanide Treatment 

of, 727 
·Gold Ores, Classification of, by Cyanide 

'rreatment (Durant), 380 
'Gold Ores, Cripple Creek, Treatment of 

(Argall), 740 
-Gold Ores, Low Grade, Schuch Cyanide 

Process for, 759 

Gold Ores, Mexican (Hamilton), 342 
Gold Ores, Rand Process of Treating 

(Denny), 169 
Gold Ores, Rhodesian (Durant), 380, 381 ; 

(Hunter), 384 
Gold Ores, Rhodesian, Cyanide Treat

ment of (Hunter), 384 
Gold Ores, Rhodesian, Gold in Slimes 

from (Hunter), 381 
Gold Ores, Separation of Mixed Sulphide 

(Delprat), 741 
Gold Ores, Separation of Palladium from, 

713 
Gold Ore, Sulpho-Telluride, Cyanide 

Treatment at Kargurli Mine (Watt), 
755 

Gold Ores, Sulpho-Telluride, Cyaniding 
of (Argall), 740 

Gold Ores, Sulpho-Telluride, Diehl Pro
cess for (Argall), 740 

Gold Ores, Sulpho-Telluride, Extraction 
from (Argall), 740; (Watt), 755 

Gold Ores, Telluride, Composition of 
(!Jenny), 164; (Johnson), 189 

Gold Ores, Telluride, Diehl Process of 
Treating (Denny), 165,166; (Johnson), 
190 

Gold Ores, Telluride, Production of 
Slimes from (Denny), 167,226 

Gold Ores, Telluride, 'rreatment of, 733 
Gold Ores, Telluride, W. Australian 

Treatment of (Denny), 164, 165, 168, 
169, 224.; (Dixon), 182 

Gold Ores, Treatment of, with Cyanogen 
Bromide (Denny), 164, 165, 168. 169 

Gold Precipitation, Crosse's Method 
(C"ldecott and Johnson), 271 

Gold Precipitation, De Wilde's Method 
(Caldecott and Johnson), 271 

Gold Precipit.ation, Effect of Ammonium 
Salts on (Caldecot.t and Johnson), 269 

Gold Precipitation, Effect of Caustic 
Alkalis on (Caldecott and J'ohnson), 
269; (Moir), 276 

Gold Precipitation, Effect of Ferro
cyanides in (Williams), 504 

Gold Precipitation, Effect of Lead Salts 
on (Caldecott and Johnson), 270 

Gold Precipit.ation, Effect of Sodium 
Ohloride on (Caldecott and Johnson), 
269 

Gold P,-ecipitation, Effect of Tempera
ture and (Caldecott and Johnson), 269 

Gold Precipitation, Electrical, Wasting 
of Anodes in (Caldecott and Johnson), 
267 

Gold Precipitation, Electrolytic (Blount), 
278; (Caldecott and Johnson), 265, 
268 

Gold Precipit.ation, Electrolyt.ic, at 
Minas Prietas (Hamilton), ::l43, 344, 
346, 348 

Gold Precipitation, Electrolytic, Anodes 
for (Hamilton), 343, 344, 358 

Gold Precipitat.ion, Electrolytic, Cathodes 
for (Hamilton), 344 . 
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J ndex to Subjects 

Gold Precipitation, Electrolytic, Com
position of Lime Deposit on Anode in 
(Hamilton), 357 

Gold Precipitation, Electrolytic, Deter
mination of Waste of Current in 
(Hamilton), 350, 351 

Gold Precipitation, Electrolytic, Elect
rode Area in (Hamilton), 346, 348, 349, 
350 

Gold Precipitation, Electrolytic, Elect
rode Area and Quantity of Cyanide 
Solution in (Hamilton), 347 

Gold Precipitation, Electrolytic, Extrac
tion by (Hamilton), 348 

Gold Precipitation, Electrolytic, Precipi
tation of Lime in Slimes Solution 
Boxes (Hamilton), 356, 357, 358 

Gold Precipitation, Electrolytic, Regene
ration of Cyanide in (Hamilton), 353, 
P54, 355 

Gold Precipitation, Electrolytic, Regula
tion of Current Strength in (Hamilton), 
346 

Gold Precipitation, Ideal Method of 
(Caldecott and Johnson), 272 

Gold Precipitation, Ionic Theory of 
(Caldecott and JohnsoIf), 265; (llfoir), 
275 

Gold Precipitation, Liberation of Oxygen 
in (Caldecott and Johnson), 267 

Gold Precipitation, MacArthur-Forrest 
Process, Waste of Zinc in (Caldecott 
and Johnson), 267 

Gold Precipitation, Metallic Couples for 
(Caldecott and Johnson), 270 

Gold Precipitation, Oxidation of Zinc in 
(Caldecott and Johnson), 268 

Gold Precipitation by Oalcium Carbide 
(Caldecott and Johnson), 271 

Gold Precipitation by Charcoal (Calde
cott and Johnson), 272 

Gold Precipitation by Chronic Acid 
Mixture (l!aldecott and Johnson), 271 

Gold Precipitation from Cyanide Solu
tions (Caldecott and Johnson), 263 

Gold Precipitation in Zinc Boxes and 
Evolution of Hydrogen (Caldecott and 
Johnson), 264, 271 

Gold Recovery and Fine Crushing, 733 
Grass Land, Top Dressing of, with Super

phosphate, 782 
Gravivolumeter, Description and Use of 

(Prister), 567 
Grinding Machines used at Kalgoorlie 

(Simpson), 743 

HASSOCK, Composition of (Gemmell), 721 
Hoist Ropes, Treatment of, 782 
Homestake Ores, Notes on the Treatment 

of (Pearce), 682 
Hunter Ore Feeder, Description of 

(Atkinson), 454 
Huntington Mills, Advantage of, 754 
Hydrogen, Determination of, in Mine 

Air (Heymann), 76 

3F 

Hydrogen, Proportion of, in Mine Air 
(Cullen),59 

Hydrogen Flame, Temperature of (Fel'y) 
794 ' 

Hydrogen Peroxide, Antidote for Cyanide 
Poisoning, 680 

Hydrogen Peroxide, Detection of (Pris
ter),274 

INDUSTRIAL Method for Determination 
of Oxygen in Cyanide Solutions 
(Prister), 564 

Iodic Acid, Titration of Metal. by 
means of (Rupp), 727 

Iron, Cement Paint for (Andes), 788 
Iron, Determination of Manganese in 

Presence of (Knorre), 703 
Iron, Rusting of (Moody), 726; (Whit

ney), 698 
Iron, Cast, Expansion of (Outerbridge), 

750 
Iron, Cast, Mobility of Molecules of 

(Outerbridge), 749 
Iron, Cast, Tumbling of (Outerbridge), 

750 
Iron, Pig, Analysis of (Craig), 722 
Iron Furnaces, Filtration of Gaseous 

Products from, 730 
Iron Ores, Analysis of (Craig), 723 
Iron and Silicon, Compound of (Lebeau), 

736 

JIG Wheel, Description of (Saner and 
Carter), 321 

KLEIN'S Solution for Separation of "'line
rals, Preparation of, 686 

LEAD, Boiling Point of (Krafft), 706 
Lead Bullion, Sampling of, in Smelting 

(Tavener), 371 
Lead, Electrolytic Refining of (Beit), 742 
Lead Slags, Com posi tion of, 690 
Lead Smelting Furnaces, Filtration of 

Gaseous Products from, 730 
Levels, Depths of Backs to (Carter), 

330 ; (Hutton), 328 
Lime, "Dead Burnt" (Keiser and For

der), 703 
Lime, Free, Determination of, in Port

land Cement (Keiser and Forder), 703 
Lime, Use of, in Amalgamation (Pearce), 

683 
Liquid Fuel Burner and Furnace for 

Metallurgy (Cotton), 746, 748 
Liquids for Separation of Minerals, Pre

paration of, 686 
Litharge, Handling of, in Smelting 

(Graham), 366; (Piddington), 363 
Lungs, Act-ion of Pyrites in Mine Dust 

on (Prister), 72 
Lungs, Dust Diseases of (Irvine), 24; 

(Macaulay), 33; (Oliver), 767; (Wil
kinson),53 

Lungs, Effects of Coal Dust on the 
(Louis), 782; (Perry), 782 
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Index to SubJects 

Lungs, Gold Miner's, Examination of 
(Oliver), 771 . 

Lungs, Pigmentation of, Cause of (Hami!. 
ton), 773; (Oliver), 768 

Lungs, Proportion of Silica in (Hey. 
mann), 85 

MABoR;Cupels, Composition of (Firth), 684 
Magnesia Bricks, Infusible, Manufacture 

of (Schloesing), 747 
lIIagnesia Cupels (Johnson and Maxwell· 

Lyte),747 
lIiagnesite, Austrian, Composition of, 747 
Magnesite, Composition of (Schnatter. 

beck), 785; (Sexton), 752 
Magnesite, Use of, in )i[annfacture of 

Bricks, 747 
Magnesite, Uses and Value of (Schnat· 

terbeek) , 785 . 
Magnesite Bricks, Composition of (Schnat· 

terbeck), 785 
Magnesite Bricks, Manufacture of (Sex. 

ton), 752 
Magnesite Bricks, Mortar for (Sexton), 

753 
Magnesite, Calcined, Composition of 

(Schnatterbeck), 785 
Magnesite for Bessemer Converters 

(Sexton), 752 
Magnetism for Lifting Iron and Steel 

Plates, 785 
Main Levels, Laying out (Saner and 

Carter), 327 
Main and Tail Haulage System (Descrip. 

tion and Working Costs of (Hamilton), 
335; (Saner and Carter), 325, 326; 
(Sawyer), 328 

Manganese, Determination of, in Presence 
of Iron (Knorre), 703 

Matte Smelting, Definition of, 749 
Meadow Hay, Composition of Average 

Crop of (Prister), 597 
Mealies, Manuring Experiments on 

(Cullen), 605 
Meningitis, Death·rate from, among 

Rand Miners (Irvine), 400 
Mercury Traps, 747 
Metabolism and 'l'emrerature(Macaulay), 

32 
:(deta.!lics, Assay Value of, from Sands 

Plant (Virgoe), 620 
Metallics, Assay Value of, from Sluices 

Plant (Virgoe), 620 
Metallics, Dcfinition of (Virgoe), 616 
Metallics, Determination of (Virgoe), 6li 
Metallics, Cost of Reduction of (Virgoe), 

625, 627 
Metallics, Separation of, from Fines 

(Virgoe), 617 
Metallics, Zinc Box, Treatment of, in 
. Cyanide Solution (Virgoe), 637 
Metallurgical Practice on the Rand 

(Denny), 116 
Metallurgy, Application of Electricity to 

(Richards), 757 
Metals, Evaporation of (Krafft), 705 

Metals, Production of, by Electrolysis 
(Richards), 758 

Metals, Titration of, by means of rodic 
Acid (Rupp), 727 

Milk, "Solid," 788 
Mill Building, Selection of Timber "in 

(Pitt), 439; (Roskelley), 407; (Smart), 
451 

Mill Construction, Milling and Amalga. 
mation, Notes on (Roskelley), 405 

Mill, Distribution of Labour in the 
(Alexander), 185 

Mill, Mechanical Appliances in the (Bev. 
ington), 421 ; (Teesdale), 448 

Mill Pulp, Classification of (Carter and 
Burnett), 281 

Mill Pulp, Determination of Slimes in, 
800 

Mill Samples, Collection of (Roskelley), 
419 

Mill Screens, Selection of. 748 
Mill Water, Determination of Cyanide in 

(Whitby), fi17; (Williams), 495 
Mills, Foundations for King Posts in 

(Roskelley and others), 407, 422,434, 
439, 448, 451, 464 

Mills, Improvements 011 (Roskelley and 
others), 405, 440, 445, 450, 459, 
463 

Mine Air, Determination of Carbon Di· 
oxide in (Prister), 255 

Mine Air, Factors in Vitiation of (Prister), 
253, 254, 255 

Mine Air, Proportion of Carbon Dioxide 
in (Sawyer), 64 

Mine Air, Production of Carbon Monoxide 
in (Heymann and others), 13, 28, 46, 51, 
52, 57, 59, 60,61, 70 

Mine Air, Proportion of Carbon Monoxide 
in (Cullen), 56, 58, 59; (Heymann), 73, 
76; (Irvine), 28, 29; (Johnston), 22; 
(Moir),46 

Mine Air, Proportion of Dust in (John. 
ston), 22; (Moir), 46 

Mine Air, Proportion of Hydrogen in 
(Cullen),59 

Mine Air, Production of Nitric Peroxide 
in (Cullen), 60, 61; (Heymann), 13; 
(l\1oir), 43 ; (Prister), 70 

Mine Air, Test for Carbon Monoxide in 
(Johnston), 23 

Mine Dust, Nature of Rand (Pakes), 40, 
67 ; (Williams), 63 

Mine Dust, Pyrites in, and Action on the. 
Lungs (Prister), 72 

Mine Ventilation (Pearce), 4 
!'Ifine Ventilation and Noxious Gases 

(Heymann and others), 28, 50, 56, 62, 
04, 77, 88 " 

Mine and Road Dust, Comparison of 
(Heymann and others), 42, 45, 63,67, 
68, 79, 85 . 

Mines, Air Supply in Transvaal (Carter), 
250; (Johnson), 236; (Leupold), 251 ; 
(Prister), 254 

Mines, Deep Workings at NorthStar, 774 
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Index to Subjects 

Mines, Temperature in Deep, 776, 780 
Mines, Rand, Underground Sanitation of 

(Irvine), 400; (Mitchell), 403 ; (Porter), 
. 399 
Mines, Ventilation of, 780 
Mines, Ventilation of Deep, in California, 

774 
Minerals, Determination of Specific 

Gravity of (Mitchell), 715 
Minerals, Preparation of Liquids for 

Separation of, 686 
Miners in Simplon Tunnel, Health of 

(Oliver), 772 
Miner's Anremia. See Ankylostomiasis 

(Pakes), 389 
Miner's Anremia and Carbon Monoxide 

(Irvine), 30; (Pakes), 41 
Miner's Diseases, Cause of (Sawyer), 64 
Miners, Longevity of, and Dust (Hey

mann and others), 40, 41, 44, 45, 53, 
81, 84 

Miner's Phthisis, Action of Dust in 
(Irvine), 27 

Miner's Phthisis, Application of the 
Name (Heymann and others), 11, 12, 
25, 33, 52, 62, 80 

Miner's Phthisis, Characteristics of 
(Heymann), 86; (Irvine), 26; (Mac
aulay),34 

Miner's Phthisis, Clinical Symptoms of 
(Heymann), 86 

Miner's Phthisis, Connection between, 
and Noxious Gases (Heymann), 12; 
(Irvine), 27, 28, 30; (Macaulay), 33, 
34 

Miner's Phthisis, Definition of (Irvine), 
26, 30; (Oliver), 767 

Miner's Phthisis, Dust and Tuberculosis 
(Hamilton), 773; (Oliver), 771 

Miner's Phthisis, History of (Oliver), 767 
Miner's Phthisis, lIfioroscopic Appearance 

of Lung in (Hcymann), 84; (Irvine), 26 
lIEner's Phthisis, Pathology of (Adami), 

773; (Irvine), 26; (Oliver), 768, 774 
Miner's Phthisis, Proportion of Silica 

found in Lung in (Heymann), 84; 
. (Irvine), 27; (Moir), 46 
Mincr's Phthisis, Remedy for (Heymann), 

50, 88; (Irvine), 31 
Miner's Phthisis and Dust (Heymann and 

others), 12, 22, 27, 28, 30, 34, 36, 40, 
41, 44, 46, 48, 54,57,63, 65, 70, 81, 84, 
87, 768, 771, 772, 773, 774 

'Miner's Phthisis and Fibrosis (Oliver), 
769, 771, 772, 773 

Miner's Phthisis and Noxious Gases 
(Heymann and others), 12, 27, 28, 30, 
33, 34., 37, 41, 44, 46,47,51, 57, 63,65, 
70, 81, 86, 88, 770, 772 

Miner's Phthisis and Smoking (Heymann), 
532; (Macaulay), 531 ; (Moir), 531 

Mining Costs and Non-Sorting of Ore 
(Bradford), 203 . 

Mining in Bendigo, 776 
Mining, Underground Costs in (Saner 

and Carter), 319 

3 F* 

Modern Theories of the Flow of Water 
and the Application in Gold Mining 
(Hele Shaw), 575 

Molybdenite, Sources and Value of 777 
Molybdenum, Use of, in Steel-making 

778 ' 
M~~tality in various occupations (Cullen), 

D/ 
Mortar Blocks, Foundations for, 742 
Mortar Boxes, Depth of (Aulscbrook), 

461 ; (Roskelley), 467 
Mortar Boxes, Removal of Plates from 

(Pitt), 444 
Mud Sills, Placing and Fixing of 

(Peplar), 425 

NICKEL, Detection of Cobalt in presence 
of (Copaux), 695 

Nickel, Separation of Zinc from (Lewis), 
715 

Nitric Acid, Manufacture of, at Modder
fontein (Cullen), 310 

Nitric Peroxide, Action of, on the 
Human System (Heymann), 13 

Nitric Peroxide, Action of, on Water 
(Moir),43 

Nitric Peroxide, Production of, in Mine 
Air (Cullen), 60, 61; (Heymann), 13; 
(Moir), 43; (Prister), 70 

Nitric Peroxide, Proportion of, in Mine 
Air (Cullen), 61 

Nitric Peroxide Poisoning, Symptoms of 
(Heymann), 13 

Nitrification in the Soil (Williams), 602 
Nitro - Explosives, Manufacture of 

(Cullen), 309 
Nitrogen, Atmospheric, Manufacture of 

Cyanides from (Erlwein), 693 
Nitrogen, Atmospheric, Utilisation of, 

727 
Nitrogen, Determination of (Deniges), 

701 
Nitrogen in Rand Soils (Croghan), 609 
Nitro-Glycerine, Chemical Proccsses in 

Manufacture of (Cullen), 309 
Nitro - Glycerine, Gaseous Products of 

Burning (Prister), 254 
Nitro-Glycerine, Mixing Glycerine with 

Mixed Acids for (Cullen), 310 
Nitro - Glycerine, Recovery of Refuse 

Acids from (Cullen), 311 
Nitro - Glycerine, Separation of Mixed 

Acids from (Cullen), 311 
Nitro-Glycerine, Separation of Traces of 

Acid from (Cullen), 312 
Nitrous Acid, Action of, on the Tissues 

(Moir),44 

OPALS, Cause of the Colours of the, 787 
Ore, Automatic Feeders for, to Mortar 

Box (Roskelley and others), 409, 422, 
427, 437, 451, 454, 457, 460, 466 

Ore, Belt Conveyers for (Roskelley), 408 
Ore, Classification of (Roskelley), 407 
Ore, Mechanical Transport of, to Levels 

(Saner and Carter), 321, 322, 323 
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Index to Subjects 

Ore, Prcliminary Crushing of (Beving
ton), 422; (Dixon), 458; (Pitt), 422; 
(Roskelley), 408 

Ore, Ratio of, to Cyanide Solution (Ham
ilton), 354 

Ore, Sorting of (Roskelley), 408 
Ore, Transport of, in the Levcls (Saner 

and Carter), 327 
Ore, Transport of, to Shaft-loading 

Stations (Saner and Carter), 324 
Ore, Transport of Broken, to Levels 

(Carter), 330; (Saner and Carter), 320, 
321 

Ore, Underground Handling and Trans
port of (Saner and Carter), 319 

Ore Feeder, Hunter, Description of 
(Atkinson), 454 

Ore Feeders, ChaUenge and Hunter, 
CompariROn of (Atkinson), 456; (Hos
kelley), 467 

Ore Feeders, Improved Feed Levers for 
(Aulsebrook), 461 

Ore Washings from Sorting House, 
Treatment of (Carter and Burnett), 
288 

Ores, Sulphide, Separation of, by Elec
tricity (Richards), 757 

Ores, Sulphide, Treatment with Chlorine 
and Electrolysis (Swinburne), 734, 
735 

Osmiridium, Separation of, from Noble 
Metals (Carmichael), 710 

Oxygen, Determination of, in Cyanide 
Solutions (Prister), 565-570; (White), 
573 

Oxy-hydrogen Flame, Temperature of 
(Fery), 794 

PALLADIUM, Detection of, 713 
Palladium, Properties of, 713 
Palladium, Separation of, from Gold 

Ores, 713 
Pearson Gas, Manufacture and Composi

tion of, 783 
Peru, Artesian Wells in, 781 
Petroleum, Theory of Formation of 

(Sabatier and Senderens), 793 
Phosphoric Acid, Determination of, in 

Soil (Croghan), 594 
Phosphoric Acid, Importance of, in the 

Soil (Prister), 597 
Phosphoric Acid in Coal Ash (Donald

son), 607; (Prister), 607 
PneuIllonia, Deaths from, among Rand 

Miners (Irvine), 4{)0 
Polonium, Power and Nature of, 713 
Portland Cement, Chemical and Mechani

cal Testing of (Gemmell), 719 
Portland Cement, Composition of (Gem

mell), 719, 721 
Portland Cemen t, Determination of Free 

Lime in (Keiser and Forder), 703 
Potash, Determination of, in Soil (Crog

han),595 
Potassium Aurocyanide (Caldecott and 

Johnson), 264 

Potassium Aurocyanide, Precipitation of 
Gold from (Caldecott and Johnson), 
265, 271 

Potassium Cyanide, Action of, on Pota~
sium Zincate (Virgoe), 637 

Potassium Cyanide, Action of, on Silver 
Sulphide (Hamilton), 356 

Potassium Cyanide, Action of, on Silver· 
Sulphide in presence of Lead Oxide 
(Chiddy), 699 

Potassium Cyanide, Commercial (Old
field), 695 

Potassium Cyanide, Commercial Amount 
of Sodium Cyanide in (Oldfield), 696, 
714 

Potassium Cyanide, Commerciv.l, Estima. 
tion of Cyanates in (Ewan), 722 

Potassium Cyanide, Commercial, Impuri. 
ties in (Mather), 707 

Potassium Cyanide, Commercial, Silver 
in (Friedrich), 716 

Potassium Cyanide, Experiments on Dog& 
with, 680-681 

Potassium Cyanide Manufacture, New 
Process of (Grossmann), 691 

Potassium Cyanide, lI'1anufacture of, 
from Potassium Ferrocyanide (Gross
mann),791 

Potassium Cyanide, Manufacture of, 
from Spent Oxide (Grossmann), 790 

Potassium Cyanide, Presence of Sui. 
phides in Commercial (Oldfield), 695 

Potassium Cyanide, Solubility of Calcium 
Oxide in (Williams), 490 

Potassium Cyanide, Use of, in Silver 
Plating, 714 

Potassium Ferrocyanide, Analysis of 
(Dittrich and Hassel), 709 

Potassium Perma.nganate, Methods of 
Standardising (Gardner, North, and 
Naylor), 709 

Potassium - Calcium Cyanide, Action of, 
on Gold (Williams), 489 

Potassium-Silver Cyanide, Dissociation 
of (Williams), 476 

.Potassium-Silver Cyanide, Electrolysis of, 
and Regeneration of Cyanide (Hamil
ton), 352, 353 

Potassium-Calcium Cyanide, Presence of, 
in Cyanide Solutions (Moir), 512; 
(Williams), 487, 488, 490, 520 

Potassium-Calcium Cyanide, Reactions 
of (Williams), 489 

Potassium-Zinc Cyanide, Dissociation of 
(Moir), 509, 510; (Williams), 474, 475, 
476 

Potassium-Zinc Cyanide, Dissociation of, 
dne to Dilution (llIoir), 510 ; (Williams), 
477 

Potassium-Zinc Cyanide, Effect of Alkalie& 
on Dissociation of (JlIoir), 511; (Wil
liams), 479, 480, 481, 482, 484, 491, 
492 

Potassium· Zinc Cyanide, Effect of 
Alkaline Carbonates on Dissociation of 
(Moir), 511; (WilliaIlls), 485, 491, 492 
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Index to Subjects 821 

Potassium-Zinc Cyanide, Effects of Bi
carbonates on Dissociation of (Wil-
liams), 490 . 

Potassium-Zinc Cyanide, Effect of Lime 
on Dissociation of (Williams), 487 

Potassium - Zinc. Cyanide, Effect of 
Potassium Cyanide Oil Dissociation of 
(Williams), 478 

Potassium-Zinc Cyanide, Precipitation of 
Zinc Cyanide from (llfoir), 509; (Wil
liams), 475, 476, 491 

Potassium-Zinc Cyanide, Preparation of, 
(Sharwood), 692 

Potassium-Zinc Cyanide, Solubility of 
Gold in (Williams), 475, 483, 492 

Potassium-Zinc Cyanide, Solvent Power 
of, on Gold (Virgoe), 627, 629, 630, 
631, 632, 634 

Potassium-Zinc Cyanide, 'ritration of, 
with Silver Nitrate (Moir), 510, 513; 
(Virgoe), 627; (Williams), 476, 477, 
482, 483, 490, 491 

Presidential Address (Pearce), 1 
Prize Scheme (Pearce), 644, 648, 673, 675 
Protective Alkali, Determination of, in 

Cyanide Solutions (Williams), 496-499 
Prnssian Blue, Analysis of (Dittrich and 

Hassel), 709 
Pulmonary Consumptiou, Responsibility 

of Dust for (Oliver), 768 
Pulp Sampler, Automatic (Higham), 232 
Pulp Sampler, Sieving Analysis and 

Efficiency of (Crosse), 233, 234; (Dixon), 
234; (Williams), 234 

Pulp Sampling, Bucket Method (Wil
liams),234 

Pulp Sampling, Determination of Pro-
ducts of (Crosse), 233 _ 

Purple of Cassius, Cause of Variation of 
Shade of (Moir), 306 

Purple of Cassius, Composition of (llfoir), 
306 

Purple of Cassius Test, Application of, 
to Gold in Cyanide Solutions (Burnett), 
303; (l\1elvill), 303; (llIoir), 299; 
(Williams), 302 

Purple of Cassius Test, Sensitiveness of 
(Cassel), 718; (Moir), 299 

Purple of Cassius Test for Use in Cyanide 
Works (Prister), 688 

Pyrites, Rapid Determination of Sulphur 
in (Silberberger), 704 

Pyritic Smelting, Advantages of, 749 
Pyritic Smelting, Definition of, 749 
Pyritic Smelting, Utilising Heat from 

Sulphur in, 749 
Pyrolusite, Occurrence on Dolomite 

Formation of the Rand, 800 
Pyrometer, Optical (Fery), 780; (Wan

ner), 791 

-QUALITATIVE Analysis, System of (N oyes), 
693 

Quartz Glass, 788 
'Quartz Milling on the Rand, Notes on 

Common Practice of (Beaver), 684 

RADIUM, 714, 723 
Radium, Action of, on Paraffin (Becquerel), 

787 
Radium, Properties of (Curie), 724 
Ragstone, Composition of (Gemmell), 721 
R~ises, Rcmoval of Broken Ore from 

(Carter), 331 ; (Saner and Carter), 324 
Rand Process of Treating Gold Ores 

(Denny), 169 
Rand Hoils, Composition of Some 

(Croghan), 591 
Reef Thickness, Sorting and Non-Sorting 

on (Denny), 121 
Refractory Materials for Steel Processes 

(Sexton), 752 
Research Work, Academical and Indus

trial (Chatelier), 788 
Residues, Assay Value of (Edwards), 194, 

195 
Residues, Box Concentrator, Assay and 

Sieving Tests on (J ohnson), 188 
Residues, Cyanide, Assay of (Caldecott), 

110 
Residues, Distribution of Gold in (Carter 

and Burnett), 286 
Residues, Location of Gold in (Caldecott), 

195; (Johnson). 189 
Residues, Spitzlutte Concentrates, Pro

portion of Gold in (Caldecott), 110 
Residues, Value of, and Screening 

(Williams), 175 
Riechen Process at South Karguli Mine 

(Mumford), 765 
Rivers, Sinuosity of (Hele Shaw), 580 
Road Dust, Proportion of, in Johannes

burg Air (Hcymann), 79; (Moir,) 45 
Road Dust and Epidemic Diseases 

(Porter), 69 
Rock Crushing, Production of Slimes in 

(Chester), 91; (Crosse), 105; (Dixon), 
106 

Rock Crushing, Screening Trials in 
(Chester), 92, 93 

Rock Crushing, Hize of Particles dealt 
with in (Chester), 91 

Rock Crushing and Size of Screen 
(Chester), 91 

Rock Cru;hing in Stages by Wet Process 
(Chester), 91 

Rock-Drilling, Prevention of Dust in, 
776 

Rock - Drill Mincrs, Respirator for 
(Prister), 71 

Rock-Drill Miners, Working Efficiency of 
(Frazer), 36; (Irvine), 27; (Macaulay), 
34 

Rohrbach's Solution for Separation of 
Minerals, Preparation of, 687 

Roll Mills for Dry Crushing, 754 

SAFETY FUZE, Application of X-ray to 
Examination of (Hake), 712 

Sand, Function of, in Smelting of Gold 
Slimes, 801 

Sands, Agitation Experiments with 
Cyanidc Solution on (Denny), 153 
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822 Index to Sub/eets 

Sands, Condition of Gold and Pyrites in 
(Denny), 220 

Sande, Deposition of, in Spitzkasten 
(Hclc Shaw), 579, 583 

Sands, Sieving Experiments on, and 
Assay Value (Salkinson), 113 

Sands, Treatment of, with Cyanide Soln
tion (Denny), 155 ; (Lenpold), 190 

Sands Plant, Belt Conveyers for (Alex
ander), 292; (Carter and Burnett), 
287, 295, 296; (Williams), 293 

Sands Plant, l3laisdell Excavator for 
(Carter and Burnett), 296 

Sands Plant, Tank Capacity of (Alex
ander), 292 ; (Carter and Burnett), 287, 
295 

Sands Plant, Vacuum Pumps on, 798 
Sands Tank, Methods of Filling a (Alex

ander), 291; (Carter and BurDett), 
285 

Sands Treatment, Quantity of Solution 
for, 799 

Sands Treatment, Vats for, 799 
Screen, Standard Mesh of, in !liilling 

(Denny), 125 . 
Screens, Method of Changing (Beaver), 

685 . 
Screen Pulp, Sampling of (Roskelley and 

others), 419, 432, 443, 445, 450, 453 
Screening, Rate of Discharge in, and 

Prevention of Slimes (Chester), 93, 97 ; 
(Wilkes), 107 

Screening, Rate of Discharge in, and 
Proportion of Slimes (Crosse), 107; 

" (Wilkes), 107 
Screening, Size of Mesh in, and Propor

tion of Slimes (Alexander), 106; (Cat
lin), 111; (Crosse), 106 

Selenium, Boiling Point of (Krafft), 706 
Sewage, Bacterial Treatment of (Dibden), 

794 
Sewage Treatment, Construction of Con

tact Beds (Dibden), 795 
Shaking Shute, Descript.ion and Working 

Costs of (Saner and Carter and others), 
322, 330, 334, 335, 337, 340 

Shaking Shute and BOyB, Efficiency Test 
of (Hamilton), 332-336; (Saner and 
Carter), 322, 340 

Ship, Importance of Design of Stern 
(Hele Shaw), 578 

Silicosis (Heymann and others), 11, 30, 
34, 35, 41, 42, 44, 45, 46, 47, 48, 49, 53, 
54, 66, 68, 81 

Silicosis, Post-Mortem Diagnostic Fea-
tures of (Heymann), 83 

Siloxicon, Oxidation of (Acheson), 691 
Silver, Boiling Point of (Krafrt), 706 
Silver, Rate of Deposition of, on Zinc 

(Virgoe), 616 
Silver Ore, Fine Crushing of, and Ex

traction (Catlin), III 
Silver Plating, Use of Potassium Cyanide 

in, 714 
Silver Sulphide, Action of. Potassium 

Cyanide on (Hamilton), 356' 

Silver Sulphide, Action of Potassium 
Cyanide on, in Presence of Lead Oxide 
(Chiddy), 699 

Slags, Blast Furnace, Zinc Oxide in 
(Piddington),362 

Slime Pulp, Determination of Relative 
Volumes in, 686 

Slimes, Agitation Treatment of, with 
Compressed Air (Watt), 755 

Slimes, Assay Value of (Laschinger), 
533 

Slimes, Determination of, Lost from 
Cyanide Works, 800 

Slimes, Determination of, in Mill Pulp, 
800 

Slimes, Economic Treatment of, and 
Amalgamation (Durant), 383 

Slimes, Escape Door for (Carter and 
Burnett), 286 

Slimes, Filter Pressing of (Denny), 170 ; 
(Dixon), 183 

Slimes, Frue Vanner, Assay Value of 
(Denny), 133, 136 

Slimes, Gold, Filter-Press Treatment of, 
763 

Slimes, Gold, Function of Sand in Smelt
ing, 801 

Slimes, Hydraulic Separation of (Oalde
cott), 110 

Slimes, Lime in Settlement Treatment 
of (Carter and Burnett), 287 

Slimes, Low Grade, Moore Process for 
Treating, 758 

Slimes, Moisture in (Laschinger), 535; 
(White), 560 

Slimes, Plant for Treatment of (Denny), 
158-164, 222; (KelT), 186 

Slimes, Prevention of, and Rate of Dis
charge in Screening (Chester), 93, 97 ; 
(Wilkes), 107 

Slimes, Production of, in Rock Crushing 
(Chester), 91; (Crosse), 105; (Dixon), 
106 

Slimes, Proportion of Clay in (Caldecott), 
107 

Slimes, Proportion of, and Rate of Dis
charge in Screening (Cro"se), 107; 
(Wilkes), 107 

Slimes, Proportion of, and Size of Mesh 
in Screening (Alexander), 106; (Catlin), 
111; (Crosse), 106 

Slimes, Settlement Treatment of (Carter 
and Burnett), 287, 288 

Slimes, Specific Gravity of (Lasehinger), 
535 

Slimes, Treatment, Assay Value of Pre
cipitated Solution in (Laschinger), 545, 
546 

Slimes, Treatment, Extraction of Gold 
in (Lasching-er), 538, 539, 540, 542, 547, 
548 

Slimes, Treatment, Extraction of Soluble 
Gold in (Lascllinger), 538, 539, 540, 
542, 547, 548 

Slimes, Treatment, Extraction of Gold 
in First Wash (Laschinger), 535 
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Index to Subjects 

Slimes, Treatment, Gain in Extraction 
of Gold from (Denny), 213 

Slimes, Treatment, Importance of Settle
ment in (Laschinger), 558 

Slimes, Treatment, Influence of Moisturc 
in Slimes on Extraction in (Laschin
ger), 543, 541; (White), 560 

Slimes, Treatment, Profit from (Las
chinger), 554, 555, 556 

Slimes, Treatment, Ratio of Solution to 
Slimes in (Las0hinger), 535, 537, 541, 
545, 548; (White), 560 

Slimes, Trea tmcn t, Standard Process of 
(Laschinger), 534 

Slimes, Treatment, Standard Process of 
and Extraction of Gold (I,aschinger), 
558 

Slimes, Treatment, Three-Wash Method 
of, Gain in Extraction (Laschingel'), 
541 ; (White), 560 

Slimes, Treatment, Working Costs of 
(Laschinger), 550, 551, 552, 558 

Slimes, 'freatment, Use of Centifrugal 
Pumps in (La.chinger), 549 

Slimes, Treatment, with Three Washes 
(Laschinger), 535, 638 

Slimes, Treatment, with Two Washes 
(Laschinger), 535, 538 

Slimes, Treatment of, by Electrical Pre-
cipitation (Mumford), 764, 765 . 

Slimes, Treatment of, in Venezuela, 763 
Slimes, Vanner, Agitation Experiments 

with Cyanide Solutions on (Dcnny), 
. 144-146, 152 
Slimes, Zinc-Gold, Acid Treatment of 

(Denny), 157 
Slimes, Zinc-Gold, Lead Treatment of 

(Denny), 157 
Slimes, Zinc-Gold, Loss from Filter Mats 

in Treatment of (Denny), 157; (Wil
liams), 180 

Slimes, Zinc-Gold, Refining of (Clark), 
752 

Slimes, Zinc-Gold, Treatment of (Prister), 
515 

Slimes Plant, Gold Output of, and 
Interest on Invested Capital (Lasch
inger), 551, 552, 55\! 

Slimes Plant, Relative Vat Capacity of, 
and Capital Expenditure (Laschinger), 
553 

Smelting, Behaviour of Zinc in (Pid
dington), 362 

Smelting, Handling of Litharge in 
(Graham), 366; (Piddington), 363 

Smelting, Production of Slag in (Pid
dington), 362 

Smelting, Roasted Pyrites Concentrates 
as a Flux in (Piddington), 362 

Smelting, Sampling of Lead Bullion in 
(Tavener), 371 

Smeltin g Costs, .Reckoning of, 799 
Smelting Furnace, Construction of 

(Graham), 365 
Smelting Material rich in Gold (Pid

dington), 360 

Smelting and Cupellation, Notes on 
(Piddingtou), 360 

Sodium Cyanide, Manufacture and Use 
of (Lawrie), 761 

Sodium Cyanide, Preparation of, from 
Calcium Cyanamide (Erlwein), 694 

Sodium Peroxide, Action of, on Alu
minium (Moir), 305 

Sodium-Zinc Cyanide, Preparation of 
(Sharwood), 692 

Solutions, Equilibrium of (Williams), 
475, 486 

Some Mine Gases: their Toxicology and 
Possible Connection with Miner's 
Phthisis (Heymann), 11; Review of 
Discus,ion on (Pearce), 88 

Sonstadt's Solution for Determining 
Specific Gravity of Minerals (Mit
chell), 715 

South Africa, Mineral Wealth of 
(Pearce), 5 

Soil Analysis, :Methods of (Croghan), 592, 
611; (Donaldson), 606; (Heymann), 608 

Soil Sample, Collcction of (Croghan),592 
Soil, Composition of a Good (Croghan), 

588 
Soil, Composition of a Normal (Croghan), 

588 
Soil, Composition of a Poor (Croghan), 

588 
i:;;oil, Determination of Chlorine in 

(Croghan), 594 
Soil, Determination of Ferrous Oxide in 

(Croghan), 694 
Soil, Determination of Phosphoric Acid 

in (Croghan), 594 
Soil, Determination of Potash in 

(Croghan), 595 
Soil, Determination of Sulphur 'l'rioxide 

in (Croghan), 59ii 
Soil, Green Manuring of (Crogban), 590 ; 

(Williams),602 
Soil, Improving Physical Condition of 

(Croghan), 590; (Prister), 597 
Soil, Mechanical Analysis of (Croghan), 

592 
Soil, Nature of, and Geological ~'orma

tion (Croghan), 589-591, 609; (Pris
ter), 598; (Whitby), 600; (Williams), 
601 

Eoils, Classification of (Croghan), 587; 
(Whitby), 600 

Soils, Comparison of Rand and European 
(Prister), 596 

Soils, Composition of Some Rand 
(Croghan), 591 . 

Soils, Improved Method for Separation 
of Total A lkalies in (Pettit), 707 

Soils, Nitrogen in Rand (Croghan), 609 
Spent Oxide Manufacture of Potassium 

Cyanide from (Grossmann), 790 
Spitzkasten, Deposition of Sands in 

(Hele Shaw), 579, 583 
Stadia Measurements in Mine Surveying, 

789 
Stamps, Centring the (Aulsebrook), 459 
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824 Index to Subjects 

Stamps, Construction of (Roskelley), 409, 
410 

Stamps, Guides for (Bevington), 423; 
(Hoskelley), 410 

Stamps, Length of Drop of, in Crushing 
(Bcavcr), 434; (Peplar), 429; (Pitt), 
442; (Roskelley), 413 

Stamps, Modern Methods of Running, 
Disadvantage of (Ros'kelley and others), 
406, 428, 437, 440, 445, 464 

Stamps, Order of Drop of, in Crushing 
(Roskelley and others), 413, 423, 427, 
442, 451, 468 

Staml's, Quick Running, Rate of Drop of, 
748 

Stamps, Removal of Heads from 
(Roskelleyand others), 409, 438, 440, 
446,451,465 

Stamps, Weight of (Denny and others), 
125, 198, 411, 434, 442, 468, 756 

Stamp Duty and Height of Discharge 
(Beaver), 435; . (Peplar), 430; 
(Roskelley), 413 . 

Stamp Duty and Rate of Drop (Atkinson), 
457; (Peplnr), 428; (Powrie),447 

Stamp Duty and Screening (Roskelley), 
198 

Stamp Duty in Milling (Denny), 125 
Stamp Duty on the Rand, 756 
Stamp Mill, Efficiency of, and Screening 

(Alexander), 184; (Denny), 170 
Stnmp Mills, Substitutes for (Denny), 126 
Stcel, Effect of Uranium on, 766 
Steel Making, Use of Molybdenum in, 778 
Steel, Manufacture of, by Electric 

Furnace (Richards), 757 
Stone, Artificial, Composition of 

(Schnatterbeck), 785 
Stonecutters, Longevity of, and Dust 

(Heymann and others), 40, 41,44, 45, 
53, 81, 84 

Stonecutter, Working Efficiency of 
(Frazer), 36; (Macaulay), 34 

Stopes, Cleaning Footwalls of (Hutton), 
329 ; (Saner and Carter), 324, 339 

Sugar, Volumetric Estimation of, with 
Fehling's Solution (Harrison), 710 

Sulphides, Determination of, in 
Presence of Cyanogen Compounds 
(Feld), 701 

Sulphide Ores, Treatment with Chlorine 
and Electrolysis (Swinburne), 734, 735 

Sulphur, Absorption of, by Gold (Skey), 
756 

Sulphur in Coal and Coke, Rapid Method 
for Determin.ation of (Pennock and 
Morton), 714 

.Sulphur in Pyrites, Rapid Determination 
of (Silberberger), 704 

Sulphur Trioxide, Determination of, in 
Soil (Croghan), 595 

,Sulphuric Acid, Contact JVlethod of 
Manufacture of, 737; (BodI;inder and 
Koppen), 756 

.Sulphuric Acid, Manufacture of, at 
110dderfontein (Cullen), 309 

Sump Solutions, Actions of Lead Acetate 
on (Chiddy), 699 

Sump 'ranks, Composition of White 
Precipitation in (Caldecott), 640 ; 
(Virgoe), 636 

Sump Tanks, Construction of (Virgoe), 
638 

Superphosphate, Top Dressing for Grass 
Land, 782 

TAILINGS, Assay Value of (Williams), 
177 

Tailings, Cyanide Plant for Treatment 
of, 797 . 

Tailings, Detection of Free Gold or 
Amalgam in, 734 

Tailings, Elevation of, by Compressed 
Air (Archibald), 736 

Tailings, Screening of, and Assay Value 
(Durant), 381, 382, 383 

'railings, Wet Classification of (Durant), 
381, 382 

Tailings Heaps, Concentrates in (Carter 
and Burnett), 289 

Tailings Heaps, Condition of the Gold in 
(Carter and Burnett), 289 

Tailings Heaps, Solution of Gold in 
(Crosse), 650, 652; (White), 652 

Tanks, Collecting, Superimposed, 799 
Tappets for Stamp Mill (Roskelley), 410, 

468; (Smart), 451; (Wilkes), 437 
Tellurium, Boiling Point of (Krafft), 

706 
Temperature, Increase of, with Depth 

(J ohnson), 239 
Temperature, Increase of, and Ventila

tion Pressure (Johnson), 239, 242; 
( Leupold), 251 

Thiocyanates, Determination of, in Gas 
Liquors (Linder), 705 

Thiocyanates and Thiosulphates, Separa
tion of (Feld), 701 

Thiocy3nic Acid, New Methods for 
Detection of (Ganassini), 709 

Timber, Vulcanising (Powell), 796 
Tin, Boiling Point of (Krafft), 706 
Tin Cathode for Electrolytic Precipita

tion of Gold (Hamilton), 345 
Tobacco Pipe, Composition of Smoke 

from OHoir), 526 
Tobacco Smoke, Absence of Nicotine in 

(Moir),530 
Tobacco Smoke, Calculation of Real 

I::lmoke in (110ir), 528 
Tobacco Smoke, Carbon Dioxide in 

(Moir),526 
Tobacco Smoke, Carbon Monoxide in 

(Moir), 526; (Macaulay), 531 
Tobacco Smoke, Carbon Monoxide in, 

and Tightness of Packing (Moir), 527-
528 

Tobacco Smoke, Collection of Samples of 
(Moir),525 

Tob:tcco Smoke, Composition of (Moir), 
525 

Tobacco Smoke, Oxygen in (Moir), 526 
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Index to Subjects 

Tobacco Smoke, Inhalation of (Moir), 
527, 528 

Tobacco Smoke, Ratio of Carbon as 
Carbon Monoxide to Total Carbon in 
(Moir), 527 

Tobacco Smoke, Total Oxygen in (Moir), 
529 

Tobacco Smoking, Cause of Ill-Effects of 
(Caldecott), 43 

Trommel Zinc Washer, Description of 
(Thomas), 315 

Trucks, Side Tipping, for Ore Trans
port (Carter), 331; (Saner and Carter), 
325 

Truck Rails, Gradient for (Carter), 331 ; 
(Saner), 340 

Tunnel Sickness. See Ankylostomiasis 
(Pakes), 389 

Typhoid Fever, Sources of, on Rand 
Mines (Porter), 398, 399 

UNCIN ARIASIS. See Ankylostomiasis 
(Pakes), 389 

Uralite, a New Fire-resisting Material, 
796 

U ranite, 7136 
Uranium, Sources and Uses of, 766 

V ACUUM Pumps on Sands Plant, 798 
Vats, Circular Extractor, Use and Ad

vantage of, 798 
Vats, Intermediate, Method of Filling 

(Edwards), 194 
Vats for Sands Treatment, 799 
Veld Burnin"l" (Croghan), 590; (Cullen), 

604; (Prister), 598; (Whitby), 601 
Ventilation, Calculation of Motive 

Column in (Johnson), 240 
Ventilation, Deep Level, Air Regulators 

in (J ohnson), 247 
Ventilation, Deep Level, Bratticing 

Practice in (Carter), 250; (Johnson), 
246 

Ventilation, Deep Level, Examination of 
(Carter), 248 

Ventilation, Deep Level, General Plan 
of (Johnson), 247 

Ventilation, Deep Level, Methods of 
Coursing Air in (Johnson), 245, 246, 
247 

Ventilation, Deep Level, Position of 
Shafts in (Johnson), 240 

Ventilation, Deep Level, and Com
pressed Air Drills (Carter), 249; 
(Johnson), 248 

Ventilation, Deep Level, and Mine 
Illumination (Carter), 249 

Ventilation, Deep Level, for Black 
Damp (Johnson), 240 

Ventilation, Deep Level, for Fire Damp 
(J ohnson), 240 ' 

Ventilation, Fan, of Mines (Johnson), 
244, 245, 259 ; (Bagshaw), 258 

Ventilation, Furnace, of Mines (Johnson 
and others), 242, 250, 2(;1, 257, 2f8, 
259, 261 

Ventilation, Furnace, Coal Consumption 
in (Johnson), 243 

Ventilation, Furnace, Objections to 
(Johnson), 244; (Prister), 257 

Ventilation, Minc, Amount of Air for 
Efficient (Carter), 250 ; (,Johnson),237, 
238; (Pristcr), 254 

\Tentilation, Natural, of Mines (John
son), 241, 242 

Ventilation, Natural, Calculation of 
Quantity of Air produced by (Carter), 
249; (Johnson), 241 

Ventilation, Principles of (Johnson), 236 
Ventilation, Waterfall or Trompe 

(Carter), 249: (Johnson), 259 
Ventilation and Gassing (Cullen), 56; 

(Sawyer), 64 
Ventilation of Dcep Levels (Johnson), 

236 
Ventilation of Shafts and Drives (J ohn

son), 247 
Ventilation Pressure, and Increase of 

Temperature (Johnson), 239, 242; 
(Leupold), 251 

WATER, Daily Loss of, on Rand Mines 
(Denny), 159; (Williams), 179 

Water, Flow of, Etfects of Obstacles on 
(Hele Shaw), 576, 579 

Water, Flow of, in Bends and Elbows 
(Hele Shaw), 578 

Water Flow of, in a Parallel Channel 
(Hele Shaw), 576 

Water, Flow of, on Amalgamation Plates 
(Hele Shaw), 580 

Water, Flow of, through an Orifice (Hele 
Shaw),582 

Water, Flowing Surface of, Effect of a 
Jet of Water on (Hele Shaw), 581 

'Vater, 1II0vement of, in a Circular Vessel 
(Hele Shaw), 579, 580 

Water, Proportions of Oxygen and Nitro
gen Dissolved in (Prister), 564 

Water, Sinuous Motion of (Hele Shaw), 
576, 577, 583 

Water "Solid" 788 
Water; Steady Motion of (Hele Shaw), 

576, 577, 582, 583 
Water, Steady Motion of, and Pressure 

(Hele Shaw), 584 
Water, Sterilisation of, by Electricity, 

797 
Waste Rock, Assay Value and Sorting 

of (Denny), 120, 124, 230 
Waste Rock, Cost of Treatment of (Brad-

ford), 19::l, 200; (Denny), 120, 229 
Waste Rock, Sampling of (Denny), 122 
Waste Rock, Sorting of (Pearce), 4 
Wegerif Pan Roller Mill, Advantages of 

(Chester), 97 
Wegerif Pan Roller Mill, Description of 

(Chester), 95, 115 
Wegerif Pan Roller Mill, Output and 

Horse Power of (Chester), 97, 114 
Wegerif Pan Roller Mill, Screening 

Trials with (Chester), 96 
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Index to Subjects 

Wegerif Pan Roller Mill, Separation of 
Coarsc Sands in (Chester), 98 

Wegerif Roll Mill, Advantages of 
(Chester), 102. 108 

Wegerif Roll Mill, Assay Trials with 
Copper Ore on (Chester), 102 

Weg-erif Roll Mill, Description of 
(Chester), 98, 100 

Wegerif Roll Mill, Screening Trials wi th 
(Chester), 99, 102 

Wet Crushing, Flint Mill for (Denny), 
166-68 

Wet Crusbing, Mills for (Simpson), 743 
Wheat, Composition of Average Crop of 

(Prister), 597 
White Precipitate in Sump Tanks, Com

position of (Caldecott), 640; (Virgoe), 
636 

White Precipitate from Zinc Boxes, Qom
position of (Prister), 514; (Whitby), 
518; (Williams), 504, 521 

White Precipitate in Zinc Boxes, Forma
tion of (Prister), 515; (Wi1liams), 
521 . 

Winzes, Rapid Removal of Broken Ore 
from (Saner and Carter), 324 

Wood, Fireproofing of, 788 
Wood, Preservation of, with Zinc Sul

phate, 788 
Worm Block, Application of (Bevington), 

421 
Worm Sickness in Italy (Prister), 401 

ZINC, Accumulation of, in Cyanide 
Solutions (Caldecott), 640; (Virgoe), 
638 

Zinc Boxes, Area of Zinc in (Caldecott 
and Johnson), 270 

Zinc Boxes, Capacity of (Virgoe), 623 
pinc Boxes, Composition of White Pre
. cipitate from (Prister), 514; (Whitby), 

518; (Williams), 504, 521 
Zinc Boxes, Evolution of Hydrogen in 

(Virgoe), 618 . 
Zinc Boxes, Formation of White Pre

cipitate in (Prister), 515; (Williams), 
521 

Zinc Boxes, Production of Zinc Sulphide 
in (Caldecott and .Johnson), 268; 
(Moir),276 

Zinc Boxes, Removal of Oxygen from 
Cyanide Solutions in (Prister), 275 

Zinc Roxes, Sources of Silica in (Calde
cott and Johnson), 268 

Zinc Boxes, Thickness of Zinc used in 
(Caldecott), 640; (Virgoe), 624 

Zinc Boxes, Weight of Zinc in (Virgoe), 
624 

Zinc, Cause of Consumption of, on 
Cyanide Plants (Virgoe), 615 

Zinc, Chemical Loss of, on Cyanide 
Plants (Caldecott), 639; (Virgoe), 615, 
618, 635, 636 • 

Zinc, Consumption of, on Sands Plant 
(Virgoe), 620, 622, 623, 635 

Zinc, Consumption of, on Slimes Plant 
(Virgoe), 62.0, 622, 623, 635 

Zinc, Consumption of, and Strength of 
Cyanide Solution (Virgoe), 624 

Zinc, Distillation of, from its Ores, 729 
Zinc Dust, Precipitation of Gold by 

(Caldecott), 639; (Pearce), 683; 
(Virgoe), 619 

Zinc, Estimation of, in Cyanide Solutions 
(Virgoe), 638 

Zinc, Factors in Consumption of, on 
Oyanide Flants (Virgoe), 618 

Zinc-Gold Slimes, Acid Treatment of 
(Burnett), 367 

Zinc-Gold Slimes, Sampling of Clean-up 
of (Melvill), 370, 377; (Tavener), 374 

Zinc-Gold Slimes, Slags from Smelting, 
Assay Value of (Burnett), 367; (Mel
vill), 378; (Piddington), 362 

Zinc - Gold Slimes, Smelting of, and 
Furnace Absorption in (Piddington), 
360, 379; (Tavener), 376 

Zinc-Gold Slimes, Tavener Process of 
Smelting, Advantage of (Burnett), 
367; (Graham), 364; (Melvill), 369 

Zinc-Gold Slimes, Tavener Frocess of 
Smelting, Copper Matte in (Burnett), 
368; (Hamilton), 370 

Zinc-Gold Slimes, Tavener Process of 
Smelting, Economic Aspect of (Bur
nett), 367; (Graham), 364; (Melvill), 
378 

Zinc-Gold Slimes, 'fravener Process' of 
Smelting, Shortages in (Melvill), 368, 
377, 378; (Piddington), 379; (Tavener), 
371-76 

Zinc-Gold Slimes, Treatment of (Prister), 
515 

Zinc, Mechanical Loss of, on Cyanide 
Plants (Virgoe), 615-17, 624 

Zinc, Rate of Deposition of Gold on 
(Virgoe), 616 

Zinc, RAte of Deposition of Silver on 
(Virgoe), 616 

Zinc, Separation of Nickel from (Lewis), 
715 

Zinc Shavings from Boxes, Washing of 
(Alexander), 317; (Caldecott); 317; 
(Thomas), 315 

Zinc - White Furnaces, Filtration of 
Gaseous Products from, 730 

rURNBULL AND SPEARS, PRINTERS, EDINBURGB 
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