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CHEMICAL, METALLURGICAL 
AND MINING SOCIETY 

OF SOUTH AFRICA 

I 

NOTES ON THE ANALYSIS OF OYANIDE SOLUTIONS 

By ANDREW F. OROSSE (MEMBER) 

(Read at May Meeting, 1902) 

AT one of our former meetings I promised you that I would bring 
forward any fresh data, that I considered worth discussion, regard
ing the analysis of the working cyanide solutions. 

By a systematic examination of the various reactions which 
occur, I am of opinion that improvements may be introduced 
either as regards a higher extraction, or a saving of time in treat
ment. I therefore think that a discussion on some of the analytical 
methods to be used must be of value and interest to many of you. 
I do not intend to do more this afternoon than bring forward a few 
methods. 

IMPROVEMENT IN THE NITRATE OF SILVER METHOD FOR 
ESTIMATING GOLD IN CYANIDE SOLUTIONS 

Pour 500 C.c. of solution into an evaporating dish, put it in a 
stink cupboard with a good draught, add nitric acid till the solution 
shows an acid reaction, boil for 15 minutes, then add 0'5 gramme 
of silver dissolvcd in nitric acid, filter and fuse the filter paper and 
precipitate as usual with litharge and flux, then cupel. 

The advantage of this modification is that much less silver is 
used, and the resulting button' of silver being smaller, it is easier 
to collect the gold after parting; some experiments which I made 
gave perfectly satisfactory results. 

I havc recently rcceived from the author a very interesting paper 
by Walter H. Virgoe, read before the Institution of Mining and 
Metallurgy in London, on December 19th, 1901, entitled "The 
Titration, Use, and Precipitation of Oyanide Solutions containing 
Copper," in which he mentions amongst other things a very good 
method for determining gold and silver in cyanide solutions. 
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2 Estimation 0.1 Oxygen in If/orking C)lanide Solutions. 

Add an excess of sulphate of copper to, say, a litre of solution, 
then acidify with nitric, hydrochloric, or sulphuric acid. Filtcr 
and scorify the precipitate. I prefer to fuse it in a crucible with 
litharge, and cupel. 

I made a very careful experimental test with some solution from 
the Robinson Gold Mining Co. By my method I obtained a result 
equal to 6 dwts. 2 grains of gold per ton, and by the sulphate of 
copper process J obtained 7 dwts. 12 grains of gold and silver, and 
after parting the bead, 5 dwts. 23 grains of gold per ton, the 
difference being only 3 grains per ton, and that was probably 
caused by remelting the bead; so that I can recommend the 
sulphate of copper method. 

THE ESTIMATION OF OXYG.EN IN WORKING OYANIDE SOLUTIONS 

Some months ago I had occasion to make a series of determinations 
of oxygen in cyanide solutions and I found that I could simplify 
very considerably my method as formerly described. I will describe 
the method I !lOW use. I prepare a solution containing :-

20 grammes Iodide of Potassium. 
2 " Nitrate of Potassium. 

dissolved in distilled water and made up to 100 c.c. 
The sample of cyanide solution can be taken in an ordinar'y ~Win

chester quart bottle filled perfectly full. 
Syphon off a sample into a separating funnel containing from 

250 to 300 c.c., then add 1 c.c. of the solution of iodide and nitrate 
of potassium, and 3 c.c. of dilute sulphuric acid (1-1). After 
shaking up and allowing to stand for 15 minutes, titrate as before 
described in an atmosphere of coal gas with a hyposulphite of sodium 
solution containing 7·75 grammes per litre, 1 c.c. of which is equal 
to 0·25 milligrammes of oxygen for the iodine liberated. 

The peculiarity of the reaction is that no iodine is apparently 
liberated, and the cyanide solution remains colourless. But iodine 
has been liberated all the same to form a very unstable compound, 
iodide of cyanogen, and the amount is in exact proportion to the 
free oxygen plus the quantity to be subsequently allowed for, and 
can be estimated by the hypo sulphite solution, using a starch solution 
as an indicator. Of course it is necessary to estimate the correction 
required for the iodine liberated by the reagents, and also in case 
any nitrates were present in the cyanide solution. 

This correction is easily made in the following manner :-
Take about 400 c.c. of the solution under examination, add to it 

0.3 grammes pure ferrous sulphate and the same weight of caustic 

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
)



Estimation 0.1 Oxygen i1z Working Cyanide Solutions 3 

lime, shake up well and filter into a flask through which coal gas is 
passing, the precipitated ferrous hydrate will have absorbed all the 
free oxygen in the cyanide solution. 

I made a good many experiments to test the above method and 
the following will be ~ good example :-

A Winchester quart bottle was partly filled with a sample of an 
ordinary working solution, the bottle was well shaken for some time 
in order to saturate the solution with oxygen. 

The determination was made as described, using a pipette con
taining 292 C.c. of solution, 13'4 C.c. of hyposulphite of soda was 
required to unite with the iodine liberated. 

Then 400 C.c. of the cyanide solution was freed from oxygen and 
the amount of hyposulphite required was 6'0 c.c. 

So that 13'4 - 6'0 leavcs 7'4 C.c. of hyposulphite required for the 
iodine liberated by the free oxygen in 288 C.c. of solution, or 1 '85 milli
grammes oxygen in 288 c.c., or 6'4 milligrammes oxygen per litre. 

For a full explanation of the reactions I must refer you to my 
paper read before this Society on 17th September 1898. 

In connection with the oxygen determination I have made some 
interesting experiments on the amount of oxygen absorbed by sands 
and spitzlutten concentrates. 

I take, say, from 200 to 500 grammes of the material under 
examination and shake it up for some hours in a large bottle full 
of a cyanide solution of known quantity and saturated with oxygen 
and then determine the amount absorbed or lost per litre, and so 
calculate out the amount of oxygen required by each kilogramme 
or ton of sands. I would, however, remark that though oxygen is 
being absorbed by certain substances during treatment, such as 
ferrous sulphides, etc., gold is also being dissolved, but more slowly 
and to a lesser degree than if no oxygen absorbing matters were 
present. If we have ferrous hydrate present, which would almost 
immediatcly. take up the oxygen, theu no gold would be dissolved, 
but certain substances act slowly, allowing some gold to be dissolved 
at the same time that oxygen is being absorbed. If this were not 
the case it would often happen that no gold would be dissolved till 
several solutions had passed through the,sands. 

DETERlIHNATION OF BASE lIIETALS IN A OYANIDE SOLUTION 

I found the following to be a good method for determining copper, 
iron, zinc, and nickel in solutions :-

Take from 500 to 1000 C.c. of solution, acidify with a slight 
exeess of. sulphuric acid, add five or six grammes of pure. acid 
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4 Estimation 0./ Zinc in Cyanide Solutions 

sulphate of potassium, and evaporate to dryness in a platinum dish 
and then heat to dull redness ill order to melt the mass. The 
metals are obtained as sulphates and can be separated and estimated 
in the usual way. 

ESTIMATION OF ZINC 

In the solutions on the Rand, where we are not usually troubled 
with anything more than a trace of copper, the chief metallic 
ingredient is necessarily zinc, and the estimation of this metal 
would often be useful. 

I have found the following method very exact and fairly 
quick :-

Take 300 C.c. of solution, add about a gramme of cyanide of 
potassium and the same quantity of pure caustic potash or soda, 
heat nearly to boiling point and then add a slight excess of sulphide 
of sodium in solution. The zinc will be quickly precipitated asa 
sulphide, and should be collected on a filter paper and washed with 
hot water. Then place the filter paper in a wide mouthed bottle 
of known capacity between 250 and 300 C.c. 

This bottle must he provided with a well-fitting india-rubber 
bung through which a modcrately wide tube is inserted about 8 to 
10 inches long. 

Then fill up the bottle with a weak solution of pure ferric 
sulphate containing 5 to 7 per cent. of sulphuric acid, place the 
bottle or flask in a bowl of cold water and raise the temperature to 
boiling point. The reason for the glass tube will be apparent as it 
allows for thc expansion of the liquid. 

The zinc sulphide will have decomposed and reduced a propo~
tionate amount of ferric sulphate to ferrous sulphate. 'Vhen nearly 
cold, filter off the solution through a dry filter paper, and take half 
the quantity contained in the bottle and titrate with deci-normal 
perman gallate of potassium. 

1 C.c. = '00325 grammes of zinc. Sulphide of zinc is, however, 
slightly soluble in weak cyanide solutions, but having made various 
experiments, I consider that one milligramme of zinc per 100 C.c. 
of solution taken, would be thc right amount to add as a correction 
to the results obtained. 

I prepared various solutions containing known quantities of the 
double cyanide of zinc and potassium with ferro-cyanide and sulpho
cyanide of potassium, and the results which I obtained were very 
satisfactory. 

I have also used another method for determining zinc in working 
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Estz'matz'on 0./ Zz'nc z'n Cyanide Solutions. 5 

solutions which I will mention as it is interesting, but I would not 
recommend it until I have made more experiments on it. 

The principle on which this method is based is the following:
When all acid is added to a cyanide solution containing zinc and 

also an excess of ferro-cyanide of potassium, the zinc is precipitated 
as ferro-cyanide of zinc. 

Therefore if the ferro-cyanide of potassium be determined before 
and after the precipitation of the zinc the difference will represent 
the ferro-cyanide converted into ferro-cyanide of zinc and pre
cipitated. 

K4Fc(CN)c, + 2ZnK2(CN)4 + 4H2S04 = Zn2Fe(CN)6 + 4K2S04 + 
8HCN or 1 part K 4Fe.(CN)G = ·353 parts of zinc. 

It is necessary to add about 0·1 per cent. of ferro-cyanide of 
potassium to the cyanide solution. 

The method used is the following:-

20 c.c. I~OK2Mn20s is placcd in an evaporating dish with some 

dilute sulphuric acid, and the cyanide solution is run in from 
a burette till the colour disappears. The result is calculated into 
the equivalent of K4Fe(CN)G and called 

A. 1 c.c. l~oK2Mn20~ = ·00368 grms. K4Fe(CN)G. 

Then a second portion of the solution is taken and it is mixed 
with an equal volume of dilute sulphuric acid (5 per cent. by volume) 
and the ferro-cyanide of zinc is filtered. The clear solution is then 

taken, poured into a burette and run into 10 c.c. 'l~OK2Mn20S and 

the result calculated out per 100 c.c. in thc value of K4Fe(CN)G. 
This result is B. 

A - B gives the percentage of loss of ferro-cyanide precipitated 
with the zinc. The difference multiplied by ·353 gives the per
centage of zinc. 

Sulpho-cyanides and other substances which reduce the perman
ganate do not interfere, as they remain the same in both 
determinations. 

Of course this method is only applicable for solutions containing 
chiefly zinc and with mere traces of copper, etc. Before titrating 
I have found it advisable to warm the s?lutioll slightly. 

DISCUSSION 

Mr W. A. Caldecott-~With regard to Virgoe's method referred 
to by Mr Crosse, Mr Whitby has been carrying on experiments 
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6 Estimat£o1Z 0./ Gold £n Cyanide Solut£ons 

lately, and he will be able to take part in the discussion at the next 
meeting. 

Mr A. Whitby-Mr Crosse has made so many interesting points, 
I think it would be wcll to leave the discussion over to the next 
meeting. 

Mr A. of. Crosse-I believe you can confirm thc result as being 
good 7 

Mr A. Whitby-Yes. 

DISCUSSION AT JUNE MEETING, 1902 

Mr A. Whitby-Before attempting criticism of Mr Crosse's paper 
I wish to say a few words conveying a feeling of indebtedness that 
I think we all owe Mr Crosse for the readiness he has always shown 
in giving the Society the benefit of his researches. I think, you 
must all agree, that the papcr represents the result of a great deal 
of experimental work, and is worthy of very careful consideration 
as a contribution to our knowledge of working cyanide solutions. 
V{ith regard to the improvements in determining gold in solutions 
and with reference specially to Virgoe's test. I have myself made 
quite a number of experiments, and I find that all thc gold is not 
precipitated by copper sulphate and the addition of a mineral acid. 
I also found that an additional precipitate was obtained by adding 
sodium sulphite to the filtrate, and that the remainder of the gold 
was quantitatively recoverable from this precipitate. As this is a 
most important matter, I think I may venture to give an outline of 
my modification of this test :-

To 700 C.c. I first add 25 C.c. of a 10 per cent. solution of copper 
sulphate, then 5 to 7 c.c. concentrated hydrochloric acid, and lastly, 
10 to 20 C.c. of a 10 per cent. solution of sodium sulphite. The pre
cipitate, after vigorous shaking for about two minutes, is filtered off 
and run down with flux ill the ordinary way. I consider it possible 
to return the assay of a solution in three hours by this method and 
the results compare well with the evaporation test. With slimes 
solutions it is better to strengthen them somewhat with cyanide 
before making the test. 

Turning now to the estimation of zinc. It has been stated that 
the sulphide of zinc is somewhat soluble in potassium cyanide solu
tions, and considering how essential thc precipitation of this body is 
in the separation of zinc from other metals, I am glad to find Mr 
Crosse in agreement with myself on the amount dissolved by an 
ordinary working solution. For technical purposes it is a negligible 
quantity. Mr Crosse's adaptation of Schwarz' process is an excel-
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Estz'mat£on 0./ Z£nc z'n Cyanide Solutions 7" 

lent test in the hands of an experienced chemist, but unless due 
regard is paid to washing the precipitate free from sulphides, 
cyanides, etc., it is liable to give erroneous results. The precipitate 
is also very apt to go through the filter with the final washings, 
and personally I much prefer to usc the ferro-cyanide method so ably 
described by Beringer, which is much quicker and presents none of 
these objections. With regard to his alternative scheme I have not 
had an opportunity of trying it, but I wish to call attention to the 
chemical equation. Mr Crosse assumes that the normal ferro
cyanide of zinc is precipitated in an acid solution, which is contrary 
to current belief. It is the potassic zinc ferro-cyanide which is 
generally believed to be formed and Mr Crosse's equation would 
consequently take this form, empirically, 

2K4Fe(CN)a + 3K2 Zn(CN)4 + 6H2SOJ 

= KzZniFe(CN)6)2 + 6K2SO 4 + 12HCN 

which materially alters the calculation. 
Lastly, I have just one remark to make on iVfr Crosse's method 

of determining the oxygen in cyanide solutions. It appears to me 
that if nitrites are present they will be removed by the addition of 
ferrous sulphate and hydrate of lime and will count consequently, 
as oxygen. It is well known that nitrites oxidIse ferrous salts and 
it appears more than likely that ferrous hydrate would suffer the 
same fate at the expense of the nitrite present. 

I have merely mentioned this because of the statement "That it 
is necessary to estimate the correction required for the iodine 
liberated by the reagents, and also in case any nitrites were present." 
If my assumption is correct, any nitrites present would count as 
oxygen, being removed at the same time as the oxygen, in the por
tion taken for ·correction. It is matter for regret that the condi
tions of our work preclude the use of such a valuable process, 
unless some convenient substitute can be found, for the inert 
atmosphere of coal gas. 

DISCUSSION AT JULY MEETING, 1902 

Mr C. H. Williams, l'efm:ring to the determination of gold in 
cyanide solutions, criticised Mr Crosse's statements regarding the 
use of sulphate of copper, which his OWl! experience, he said, did 
not bear out. 

Mr A. F. Crosse-All I would like to say is that I have made 
very few experiments using sulphate of copper. I think there was 
a difference of three grains per tOll between the determination by 
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8 Value of A naZytieal Methods 

the nitrate of silver method, and by the sulphate of copper process, 
which I am perfectly sure is absolutely correct. One method gave 
6 dwts. 2 grains, the other three grains less. 

The President-I have not gone very carefully through Mr 
Crosse's paper, but I think what Mr Crosse referred to is not an 
absolutely correct method, but a quick and ready method of getting 
an approximate determination. Is that not so, Mr Crosse 1 

Mr A. F. Crosse-Yes; but it is a very good method. 
The President-I have used the process myself on the Crown 

Reef and other places, and I must say I have not failed to get a 
result within 5 per cent. of that obtained by evaporation. Really, 
however, the difference is so small that at the Crown Reef my 
experiments showed none, and I was satisfied that the method 
suggested by Mr Crosse was the more rapid of the two, and equally 
safe, providing the instructions were fully carried out. I used two 
litres of solution in these tests, as you can use a large quantity in 
a much quicker' time proportionately, and I have satisfied myself 
that as a commercial method it takes a lot of beating. I would be 
very pleased to get a method which would give a more accurate 
determination. 

Mr T. L. Carter-I agree with Mr C. H. Williams that the 
evaporation method is hard to beat. 

Mr C. H. vVilliams-"\V e use the evaporation method to deter
mine the actual extraction in most of our plants. The nitrate of 
silver and copper methods are both liable to inaccuracy. 

Mr A. F. Crosse-I must take exception to your statement that 
both these methods are inaccurate. Every analytical process is 
inaccurate if carelessly carried out. I have made the most careful 
experiments, as I have described, and after precipitating the gold 
and evaporating the filtrate I have been unable to find the slightest 
trace of gold left in the solution. 

Mr C. H. Williams-It is not in the solution you have the loss, 
but in the excess of silver in the one case, sulphate of copper in the 
other. Your loss lies in not being able to collect your gold after 
parting, the excess of silver making it so light that the gold will 
float; and in the copper method you have a big loss on cupellation. 

The President-Regarding one point in Mr Crosse's paper, I 
think I can give a simpler method for the determination of zinc, a 
method better, I think, for the average man working upon it, 
although Mr Crosse's method will give you accurate results. 
Evaporate, say, 500 C.c. of solution to dryness; add say 2 C.c. of HCl, 
makeup to 500 C.c. with distilled water; if copper is present add 
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Compar£son of Methods 9 

sufficicnt Na2S, titrate with ferro-cyanide, using uranium acetate as 
an indicator- This method is a modification of the method of Mr 
Crosse's_ I think it a shorter, and in the average hands it would 
give you very satisfactory results_ In other respects I echo Mr 
Johnson's sentiments in thanking Mr Crosse for a very valuable 
addition to the literature on the analysis of cyanide solutions. 

Mr A. F. Crosse---,--I should have liked very much this evening to 
have answered MrWhitby's extremely interesting and valuable 
criticism of my paper. Unfortunately, I have not had time to 
properly study his remarks, which certainly deserve careful con
sideration. 

DISCUSSION AT AUGUST MEETING, 1902 

Mr A. Whitby-With Mr Crosse's permission, I should like to 
say a few words in reply to Mr C. H. Williams' and Mr T. L. 
Carter's remarks on the copper sulphate method of determining 
gold in cyanide solutions. The modified form of the test as pro
posed by mc, which appeared in the June number of our Journal 
has been in daily use for all solutions during the last three months, 
and a number of comparative trials made of its efficiency as against 
the evaporation method. I am now prepared to state that the 

-process is superior in every way to the old method in speed, clean
liness, and reliability. Out of 30 comparative trials I recovered 363 
grains of fine gold by evaporation, and 366 grains by precipitation. 
These were carried out on the usual working solutions from sands 
and slimes treatment. 

As regards Mr C. H. Williams' contention that gold is lost in 
cupellatioIl, I have not found such to be the case in practice. The 
amount of copper going into the button of lead is relatively small, 
and beyond colouring the cupel does not appear to affect the results. 
As regards speed, I have been able to treat and report on no less 
than 15 solutions in a forenoon by this method, which I could not 
have done by evaporation. I may say here that the addition of 
sulphite of soda appears essential, and perhaps a 1 in 5 solution 
of sulphuric acid may be substituted for hydrochloric acid with 
advantage. 

With regard to the trials made, I may just mention that they 
were all made on solutions which from low cyanide contents or 
other causes were judged likely to give bad results by the precipi
tation method, but I think the figures quoted amply satisfy any 
doubts on this head. Other tests not included in these trials have 
always given satisfaction to the cyanide manager. 
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10 Copper Sulphate as Precipitant .for Gold 

The Chairman (Mr A. F. Crosse)-When I brought up the 
question of precipitating gold in cyanide solutions by the copper 
sulphate method-of course it is not a method of my own, it is 
merely a method which was brought before me-I knew it would 
be of great interest to the Society to discuss it. I am sure wc all 
owe our thanks to Mr Whitby for the trouble he has taken in 
bringing out absolute facts. He has made a series of experiments and 
given us the results. It certainly seems a much quicker method 
to filter off a large quantity of solution and assay the precipitate, 
than to go through the tedious and slow process of evaporation. 

DISCUSSION AT DECEl\IBER MJiJETING, 1902 

. Mr W. H. Virgoe (written contribution from Mexico)-=--The 
Journal of your Society for the month of July reached me yester
day (October lOth, 1902), forwarded from my London address. 
I perceive that there has been considerable discussion upon my 
method of assaying cyanide solutions by means of the use of 
sulphate of copper. It appears to me it would be advantageous to 
yourselves and also to myself if I may be allowed to contribute a 
word or two to this discussion even at this late date. I would 
certainly have written earlier had it been in my power. I recognise 
that during the interval that will have elapsed before this communi
cation reaches you, many of you who recognise the merits of the 
method will have learnt to handle it to better advantage, and no 
doubt those who were opposed to it in July will not be of the same 
frame of mind in December. 

I much appreciate Mr Whitby's criticism offered ·at the June 
meeting; it is made in an open and kindly way, and he points out 
an error and suggests a remedy which renders his remarks appre
ciative and valuable. 

Mr ·Whitby is perfectly correct. I recognise there is an error, 
but if the method be carried out as I carry it out, the amount of 
unprecipitated gold is so trifling that, to use an American expression, 
"it cuts absolutely no figure" when we handle a litre of solution, 
which is equivalent to assaying 34·29 assay tons of solution. 

The precipitate is so heavy and flocculent that 100 assay tons of 
solution may as readily be assayed as 34·29. 

Your President, Mr John R. ·Williams, at the July meeting spoke 
highly of my method, and stated he would be pleased to get a 
method which would give a more accurate determination. I am in 
a position to give him a slight modification of my method that 
renders it absolutely accurate and easier to work. 
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Copper Sulphate as P1'ecipitant ./orGold I I 

Mr C. H. N. Williams stated at the same meeting that the 
method was inaccurate, as in the copper method there is a big loss 
in cupellation. I confess to a feeling of hesitancy and reluctance, 
and can only reply to Mr Williams in an apologetic way, for his 
criticism seems to show that he has not considered the chemistry 
involved in the scheme, and has probably placed too much reliance 
on work done by one who, testing the method, did so in a careless 
or unintelligent manner. 

The amount of copper that can possibly be precipitated depends 
upon the cyanide strength of the solution tested, and even if this 
be as high as 1 per cent. KCN, the amount of metallic copper that 
could possibly be found in the lead button, weighing say 15 grammes, 
would form so small a percentage that it could occasion no source 
of loss, whether the precipitate had been run down in a crucible or 
a scorifier. . 

The losses do not occur here; when they occur they occur in the 
solution. Personally, I find it a somewhat difficult problem to 
explain why any losses occur, but under certain conditions they 
do occur. 

:For example, if we make up a solution of trichloride of gold in 
the laboratory by dissolving gold in aqua-regia, and do not com
pletely expel all the nitric acid, and such a solution of gold be 
poured into a solution of potassium cyanide, I find that the copper 
sulphate method will only precipitate a definite quantity of the gold 
contents, say one-third perhaps. If, however, the nitric acid be all 
expelled and the solution be taken to dryness on a water-bath and 
be afterwards taken up with hot water, such a solution added to a 
solution of potassium cyanide is easily and accurately assayed by 
my scheme. I do not think the cause lies in the condition of 
the gold, to auripotassic cyanide or auricyanic acid for instance, but 
rather to the condition of the copper, which, when precipitated, is 
in combination with the gold and silver in a cuprous condition,· 
perhaps thus:-

2AuKCN + CU2(CN)24KCN + H2S04 

= Au2Cu2(CN)4 + K 2S04 + 4KCN + 2HCN. 

If a cupric salt form and be combined with the gold, a reducing 
agent such as sulphate of soda is necessary to reduce it and cause 
its precipitation. 

In dealing with ordinary solutions, I add copper sulphate care
fully until no further precipitate forms, stirring the solution in the 
meanwhile, and taking care to add only a very slight excess of 
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12 Copper Sulphate as Precipitant for Gold 

copper sulphate, attested by the faint tinge of blue in the filtrate. 
Allow the precipitate to stand for a minute or two, H 2S04 is then 
added till the solution is acid, no more, no less. An addition 
of sodium sulphate proliuces in the filtrate a slight additional pre
cipitate which is found to contain a very small amount of gold, 
I find the results are very accurate. For instance, 1 litre of solution 
was found to contain, by careful duplicate evaporation tests, 8·27 
mill1grammes, the copper sulphate method run in duplicate yielded 
8·22 and 8·23 milligrammes, just a little low, but the test is severe 
and amply demonstrates to my mind the correctness of the method 
if properly run. 

As far as I have observed there seems to be a tendency, if strong 
solutions of copper sulphate are added to strong solutions of cyanide, 
towards the formation of cupric salts, hence I use weak solutions 
of copper sulphate and should expect bad results if the prccipitation 
of gold were attempted by my method from a very strong solution 
of cyanide with a strong solntion of copper sulphate. 

In order to obviate the sources of error I have modified my 
scheme. I made up a solution of copper-potassic-cyanide (ous) 
by making up a solution of copper sulphate and adding to it 
a solution of cyanide until the green precipitate which forms has 
redissolved, and the solution is colourless. If the solutions are not 
too strong, we shall have a solution of CU2(CN)24KCN, for snch the 
formula appears to me" to be from the results of titration as indi
cated by the use and non-use of KI. I must here refer yon to my 
reply to discussion which took placc on my paper on the" Titration, 
Use, and Precipitation of Cyanide Solutions containing Copper," 
read "before the London Institution of Mining and Metallurgy in 
December 1901, for a detailed explanation of this formula. 

I add a little of this solution to the solution to be tested, and 
then acidify with H 2S04. The results are absolutely accurate, 
"and sulphite of soda produces no precipitate when added to the 
filtrate. 

I hope that these notes may be of some service to you. 

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
)



II 

NOTES ON THE TREATMENT OF SLIMES BY 
FILTER PRESSES 

By CLElIIENT DIXON, A.I.M.M., M.Aus. Inst. M.E. 
(MEMBER) 

(Read at June Meeting, 1902) 

IN our Vice-President's address at the first meeting of this Society 
under the Union Jack, he remarked that since our last meeting, 
held September 1899-up to which point we could justly claim to 
be as advanced in our methods of gold extraction as any country in 
the world--it yet remained to be seen whether nearly three years 
of inactivity on these mines-inactivity at any rate so far as 
members of our Society were concerned-had left us behind other 
gold fields in some of our methods, and as we can only arrive at a 
proper decision on this point by discussing processes that are being 
worked with good results in other countries, and comparing the· 
same with process adopted here for similar work, I venture to 
submit some notes on the" Treatment of Slimes by means of Filter 
Presses," and although conscious that these notes must appear 
somewhat incomplete, I hope, nevertheless, they will be the means 
of raising a discussion, and thus bring more prominently before 
members a process that is likely to be much better known on the 
Rand in the near future than in the past, as very good work is now 
being done with the filter press in Western Australia, New Zealand, 
and other places where the decantation process is not viewed with 
favour. 

Presses are made in various sizes and by various manufacturers. 
The 6-ton press, made by Dehne, Halle-on-Saale, Germany, is an 
excellent machine, and a press of this size will probably be found 
the most convenient for our work here. 

Briefly, a filter press consists of a number of hollow frames (from 
30 to 50 in a 6-ton press, according to depth of chambers used) 
placed alternately between solid flanged plates, with filter cloths of 
strong duck material between each. The hollow frames-in a 6-ton 
press-would be 3 feet 6 inches or 4 feet square inside, and 2, 3, or 

'3 
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[4 Construction and Capacity of Filter Presses 

4 inches in depth or thickness; 'as required for the particular ore 
treated. It will thus be seen that in reality we have a number of 
little vats standing on end-the hollow frames forming the sides 
and the solid plates and filter eloths the bottoms. 

Each of the hollow frames (which receive the slimes) is connected 
by a slot with the slimes inlet passage, and every alternate solid 
plate is connected by a slot with the wash solution inlet passage; 
these solid flanged plates act as filter bottoms for admitting wash 
solutions to the slimes cakes. The remaining solid plates are 
connected with the wash solution outlet passage, and serve to 
carry away the wash solution after it has passed through the 
slimes cakes. 

Again, on each of the solid flanged plates is a cock used for 
draining the press when filling same with slimes. 

In establishing the filter press on a slimes works the first and 
most important detail is to determine by experiments what thickness 
of slimes cakes to make, or, in other words, what is the best depth 
to have your hollow frames so as to ensure that your cakes will be 
uniformly permeable to the wash solutions; this thickness, of course, 
depends on the nature of the ore, and fineness of crushing, etc. 
Probably a 3-inch cake will not be found too thick for the majority 
of slimes on these fields. 

One 6-ton press will hold 6 tons dry slimes and about 3 
tons moisture, and as the press could be recharged say every two 
hours, it will be secn that each machine (of this size) has a capacity 
of from 60 to 70 tons dry slimes in 24 hours. 

There are two principal methods of dealing with slimes in 
filter presses-(l) The slimes (separated from the sands by means 
of spitzlutten and afterwards settled in V boxes and settling vats) 
are agitated with weak cyanide solution of the required strength, 
and as soon as the solution of the gold is complete (commercially) 
the pulp is forced into the presses to separate the gold-,bearing solu
tion from the slimes; then weak wash solution or water is forced 
through the cakes to displace the remaining gold-bearing solution. 
(2) The solution of the gold may be effected entirely in the filter 
presses (without previous agitation with KON solution) by first 
charging the press with slimes and then forcing cyanide solution 
through the slime cakes until the highest commercial extraction of 
the gold is obtained, then displace gold solution by weak wash 
or water. 

Both these methods are in use in "\Vestern Australia, but the 
choice must be determined here; as elsewhere, by experiment. 
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Methods of Using Filter Presses for Slimes IS 

No. 1 method is the one adopted, with every success, by the 
largest reduction works in New Zealand. . 

If No.1 method were adopted, the process would be conducted 
as follows: As in the decantation process, it is essential to separate 
as much water as possible from the slimes in order to reduce bulk 
of solution, ergo consumption of KON, to a minirrium. 

The thick pulp is then transferred from the settling vat by 
means of a pump or by gravitation, if possible, to agitators, and 
sufficient weak cyanide solution added to bring the proportion of 
solution up to 1·5 to 1 of dry slimes. 

After the solution of the gold is complete (commercially), the 
slimes are run into a small pneumatic forcing receiver, and by 
means of compressed air, supplied from an accumulator at, say, 
70 lbs. pressure-a steady flow of pulp is forced into the hollow 
chambers of the press. 

During the 'process of filling, thc gold-bearing solution escapes 
from cocks along one side of the press into a launder and flows into 
an intermediate gold solution vat and from the'nce into the precipi
tation boxes. 

As soon as the press is full of slimes these leaching cocks (of the 
press) stop running. The cocks are then closed and wash water or 
weak wash solution is forced into the press at the inlet plates--at, 
say, from 90 lbs. to 100 lbs. pressure-and, pushing the remaining 
gold solution out of the cakes, escapes by the outlet plates into a 
launder conveying it to the gold solution vat over the precipitation 
boxes. 

As the washing process is one of "displacement" it will be 
readily understood that it is practically absolute, and the residue 
slimes will contain only gold that has not been brought into a state 
of solution. 

This is a point that will appeal to many on the Rand whose 
trouble in treating slimes by the decantation process has not been 
so much getting the gold into solution as getting it out of the 
solution afterwards-it has not been a chemical difficulty in fact, 
but merely a mechanical or commercial one. 

As soon as the slimes cakes are sufficiently washed, the press is 
unscrewed and the frames or leaves pulled apart and the residue 
slimes cakes are dropped into trucks below and sent away to the 
dump. 

With ordinary care and attention to details and assuming, that 
the necessary conditions for success, as I have endeavoured to 
briefly sketch them, have been complied with, I think it will be 
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16 Working Costs 0./ Presses on Gold Fields 

found that trcating, say, 4, dwts. to 4t dwts. slimes on the Rand, a 
uniformly good extraction of say 90 per cent. may be obtained at a 
minimum expenditure of cyanide solution. 

The probable cost of labour to run agitators and presses here to 
treat same quantity of slimes as now being treated by a slimes 
decantation plant' will be, say, Is. per ton of dry slime, and filter 
cloths for the presses may pan out at, another 2d. a ton of slime 
treated. These figures, of course, are only approximate and are 
based on the working costs of presses on other gold-fields. 

In conclusion, allow me to add that there is nothing very intricate 
in the mechanical construction and arrangement of a filter press, 
and although it is perhaps a little difficult to describe clearly on 
paper, in actual practice it will be found that a few hours will 
suffice to make the intelligent operator familiar with the working 
and manipulation. 

DISOUSSION 

The Chairman (Mr E. H. Johnson)-I think Mr Dixon's paper 
will lead to a good deal of discussion. This question of the treat
ment of slimes by filter presscs as compared wi"th decantation is one 
that has been rather agitating us locally. Weare glad, I am 
certain, of all information we can obtain on the subject. The ques
tion will come down mainly I expect to a matter of relative costs. 
As to extraption, there is not the slightest doubt about the 
superiority of filter presses. 

Mr J. Yates-I would like to ask Mr Dixon whether he personally 
has seen 60 tons put through one machine in a day. That is a 
very important point. 

Mr C. Dixon-It is being done in Western Australia and New 
Zealand now. I can produce figures. 

Mr J. Yates-That means slimes for cvery 100 stamps can be 
run by two machines with ease. 

Mr C. Dixon-The richer ore in New Zealand, where 40 to 50 
tons a day are often put through one machine, takes longer treat
mcnt than thc ore here. The presses had only recently started and 
had treated about 11,000 tons when I obtained my information. I 
left soon aftcr they startcd. I have no local figures to guide me, 
hut have worked it out as closely as possible, and have no hesitation 
in saying that here, where the ore is not so rich and requires 
less ,washing, 60 tons ,'1, day could be put through a 6-ton 
press. , 

The Chairman-It would perhaps be as well to leave the discus-
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Treatment 0./ Slimes by Filter Presses 17 

sion over till next meeting. I hope' we shall have a full meeting on 
that occasion. 

Mr A. F. Crosse-I should like to ask if we could not have by the 
ncxt meeting a few particulars in relation to the rock treated, the 
minerals found, and perhaps an analysis, because these arc very 
necessary things when comparing notes between the treatment here 
and the treatment in New Zealand. 

Mr C. Dixon-I think I can give you the information. 
Mr J. Yates-I hope Mr Dixon will give us all the information 

he has. 
Mr W. A. Caldecott-I do not think there is much literature on 

the subject. I have, however, seen articles dcaling with filter press 
treatment in .jJ![ineral Industry, vol. ix., James' "Cyanide Practice," 
and recent issues of. the A~tstralian Mining Standard. 

DISOUSSION AT JULY J)IEETING, 1902 

Ml' G. A. Darling (contributed)-Probably no one at the last 
meeting of the Society listened with more attention than I to the 
interesting paper read by Mr Dixon "On the Treatment of Slimes 
by Filter Presses." 

This subject has lately occupied the attention of the mining Com
munity here to a very large extent, and, as it happens, it fell to my 
lot to be asked to make a series of experiments in connection with 
this method of treatment. 

The details and results of these experiments I am not yet at 
liberty to make public, but I would like to place on record that 
slimes (accumulated and current) have been treated on the Robin
son Gold Mining Company's property by means of filter presses, 
and a small bar of gold (the result of a partial clean-up) was handed 
in, early in April of this year. 

I look forward to an interesting discussion of this paper, 
although debarred at present from giving my own opinion of this 
method. 

To those who arc interested in this question I would recommend 
the careful study of the latest literature on this subject in the paper 
entitled the" Diehl" process, by Mr H. Knutsen, a paper read 
beforc the Institution of Mining and Metallurgy on the 19th of last 
month. This papcr goes very exhaustively into the filter press 
method of treatmcnt, and gives details of the working of the 
"Diehl" process at threc of the mines at Kalgoorlie, Hannan's Star, 
Hannan's Brownhill, and Lake View Consols. 

Mr T. L. Carter-I think wc are undcr a slight disadvantage in 
B 
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18 Advantages of Filter Press Treatment 

discussing this paper to-night. Most of us have not read it over, 
and only listened to it at the last meeting. But there are two or 
three points which I would like to mention. I have not had the 
advantage of any experience with filter presses. I have had the 
misfortune on several occasions to fall into a slimes tank and get 
covered with slimes, and know a little about the old process. Judg
ing from Mr Darling's remarks, it looks as if the filter press process 
is going to become practicable on these fields. If so, there are three 
things in which it seems to me it will have a great advantage over 
the old process. The first is of course the initial cost. Therc seems 
to be a tremendous differencc in the initial cost. The next thing is 
very important to anyone who has had to "boss up," as the Kaffirs 
say, the slimes pumps. This new process apparently does away to 
a very great extent with the b<?thersome pumps: If you have your 
slimes dam at any distance above the level of the slimes pumps, we 
all know how difficult it is to keep your pipes clear and get your 
slimes into the dam. Another thing which appears to be a very 
great advantage in favour of filter presses-I am not sure whether 
it is so, but I am judging from the paper-is that you can get the 
slimes so dry that they come out in almost solid cakes. You can 
see what a great advantage that will be. It will be possible to take 
all the dry slimes and carry them to the tailings heap in the 
ordinary way, and thus be able to do away with the building of 
slimes dams, which is of. considerable importance. Slimes dams 
above the level of the cyanide works are very objectionable. 
Unfortunately in most cases they are built in that way. It is a 
different matter when you have a big tract of land away beyond the 
slimes works and can let the slimes run down to the dam. I 
consider this is a very important advantage in this new process. 

Mr J. Yatcs-I would like to ask Ml' Darling whether he can 
state if his results were satisfactory or otherwise . 
. Mr G. A. Darling-I am very sorry but I cannot make any 
statement at present. 

The President-I would like to ask Mr Dixon one question. 
You say there are two principal methods of dealing with slimes in 
filter presses. (The President here quoted from Mr Dixon's paper.) 
·W ould you not think you are going to get an immense accumula
tion of solutions in a very short time? You have, roughly speak
ing, 50 per cent. of slimes and 50 per cent. of water. If you add 
cyanide solution to that and filter-press it afterwards, I think you 
wl.ll find this to be the case. Take one of our big mills on the 
Rand-a 200-stamp proposition for instance-you would have 200 
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Profits and Slimes Treatment 19 

t ns of slimes per day put through, and you would have 200 tons 
~ water added to those slimes per day. If you added cyanide you 

o ould be accumulating solutions at the rate of 200 tons per day. w . . 
How do you dlspose of those solutlOns afterwards? '\Vould you 
!lot really be increasing your solutions at thE; rate of a ton of 
solution to a ton of slimes a day? 

1\11' C. Dixon-There is a certain accumulation of weak solution 
where No.1 method (single pressing) is used, but in actual practice 
you do not really find that you have to throw rimch of any valu
able solution away. It may be used for washes on the sands plant 
as well as for washing the press cakes before run to waste. At the 
-Waihi Co.'s works in New Zealand up to the end of last month 
the company had treated about 50,000 tons of slimes, and had 
obtained over 90 per cent. extraction. 

The President-I can quite understand if you start with dry 
slimes there would not be an accumulation, but I take it from these 
paragraphs in your paper you are dealing with current slimes from 
the mill. Roughly speaking, at a 200-stamp mill you would have 
200 tons of water in your slimes to which you would add cyanide. 
Therefore you would have 200 tons of accumulated solution to be 
got rid of somehow or other. I may say that my own experience 
of filter presses has not been a very great one. ,\Vith regard to the 
decantation system of treating slimes, I found that the opinion in 
London was that you only got 50 or 60 per cent. extraction, but 
I would like to point out to all members of the Society that the 
amount of extraction you can get by the decantation process 
depends on the margin of profit. If, instead of transferring on 
twice, .you transfer three or four times, you get a higher extrac
tion. To the people who wish yery much to introduce filter 
presses I must say, "I want the thing tried myself." I am advocat
ing a fair test being made at one works where the conditions will 
in each case be the same. On slimes of a less value than one-and-a
haH pennyweights, which is 6s. per ton, we have made substantial 
profits by the decantation process. It is perfectly true the extrac
tion is not a very high one, somewhere between 60 and 75 per 
cent. A profit on a 60 per cent. extraction, however, is very much 
better than a loss on a 99 per cent. extraction. 'When we are 
running a plant we are not conducting a scientific process, we are 
trying to get absolutely the maximum profit. 

Mr J. Yates-I received the Transactions so late that I had not 
time t() consider the paper, but I am very anxious to learn what I 
can about the matter. I have a few qnestions to put to Mr Dixon. 
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20 Slimes Treatment in New Zealand 

I would like to know the approximate vaJue of the charges 
being dealt with out in "\Vestern Australia, also the value of thc 
residues, also the strcngth of thc cyanide used and the bulk of 
solution, also the percentage of moisture in the cakes and the 
physical nature of the ore, whether clayey or otherwise; then 
whether lime is used to settle or not, and whethcr the extraction 
in the one filtcr press is anywhere near that obtained in the double 
filter process, also the time taken to fill the presses and the time 
taken to discharge them. 

Mr C. Dixon-I cannot tell you what the charges are in Western 
Australia, but in New Zealand they are, roughly speaking, from 
12 to 13 dwts., and often much highcr, and the residucs 1 dwt. and 
less. The bulk of the solution used is 1'5 to 1. I think this 
guantity is pretty generally used, and you can take it as the 
figure throughout Western Australia and New Zealand. The 
strcngth of solution in New Zealand is '1 per cent. 

Mr J. Yates-Have you come across many cases where residues 
were down to say 3 and 4 grains per ton 7 

Mr C. Dixon-I do not know of any. Though I havc written 
this paper on filter presses, I am anxious, like yourself, for en
lightenment on the subject. I am not necessarily saying that 
filter presses are better than the decantation process; it is only by 
discussion and actual work we can find out which is the better. 

Mr A. F. Crosse-It might be of interest to say whether the 
moisture in the cakes is determined as total moisture driven off at 
a high temperature, or moisture driven off at a 1000 centigrade. 

Mr C. Dixon-In New Zealand it is determined as absolutely 
total moisture. 

Mr J. Yates-How long did it take to discharge these filter 
presses 7 

Mr C. Dixon-Twenty minutes to half-an-hour. I may say I 
read the other day of a press constructed to hold 10 tons. 

Mr J . Yates-Yes, I have a catalogue here showing such a filter 
prcss. 

Thc President-It was pointed out to me the other day in 
London that the residue of the slimes usually treated by filter 
pressing in New Zealand was about the same as where we started 
in the Transvaal. I do not believe our slimes here averagc very 
much more than 2 dwts. Now a high extraction of 2 dwts. with a 
high cost does not leave any margin for profit. Can you give me 
roughly the total cost of filter pressing 7 I may say we have had 
various companies working before and since the war under 3s. 2d. 
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Cost of Filter Press Treatment 2I 

a ton. I know of onc or two cxperiments in 'Yestern Australia, 
vcn in which they tell mc the cost of the filter cloths alone was 

~ver' Is. 6d. a ton. Have you any total costs, including precipita
tion, smelting, managemcnt, every thing 7 

Mr C. Dixoll-·W c have the samc old troublc there. You have 
to enumerate item by item in comparing expenses like that. There 
are so many items which some managers include in their treatment 
which others would not. I might say that the process is practically 
the same as that of decantation up to the time of scparating your 
aold-bearing solution and the actual handling in the filter presses. 
I think, however, you would find them work here for Is. a ton. I 
cannot understand the filter cloths alone costing Is. 6d.; I think 
2d. or 3d. a ton should be a fair estimate. It must be very care
lessly workcd to destroy Is. 6d. worth of filter cloths per ton of slimes. 

The President-I have heard papers read before various societies, 
particularly Mr Alfred James' papers before the Institution of 
Mining and Metallurgy, and, as far as I can remember, the lowest 
estimated cost of the treatment of slimes by the filter press proccss 
was not less than 8s. per ton. Even with 100 per cent. extraction 
on H- dwt. slimes there is no margin of profit. 

M; C. Dixon-I have some notes made from Mr James' paper. 
He gives the total cost in one case at 6s. 7 d., but does not say what 
size presses are used. The 6s. 7d. includes various items, of which 
the cost is very different here-assaying, retorting, melting, general 
stores and charges, electric lighting, maintenance, superintendence, 
compressed air, cyanide, discharging and filling presses, etc., etc. : 
the wholc comes to 6s. 7d. The actual cost of filter pressing, ex
cluding zinc, etc., comes out at 4s. a ton. I may mention that at 
Lake View Consols they are using, I believe, 3-ton or 3k-ton filter 
presses, and the time taken is from 1 to Ii hours for the whole 
cycle of operations. I might also quote the following from Mr 
McN eill's paper published in The Tmnsactions of the Institution of 
ivlinin.q and lVletaUu1',qy, 1897-98, just when filter presses were 
started in Westcrn Australia, which paper was criticised by Mr 
Charles Butters and others: "At Hannan's Brownhill the time 
occupied in treating 5 dwts, slimes-the cycle of operations, filtering, 
washing, emptying, and closing the press-was as follows :-

Filling press from rcceiver . 
'Yashing cakes in press 
Discharging alld closing prcss 

Total 

15 minutcs. 
19 
16 

50 

" 
" 

" 
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22 Cost 0./ Filter Press Treablzent 

" In Western Australia the ore generally is of a talcose clayey 
nature, consisting principally of hydrated oxidc of iron and siliceous 
rock, containing morc or less magnesia, which produccs a large per
centage of slimes-about 60 per cent.-when crushed by either thc 
wet or dry process. Analysis of the 'lodes' or formations vary 
considerably, and a truly representative analysis, therefore, cannot 
be given. The average value of ore now treated is from 1} to 
2 ozs. per ton. The gold is very pure, being worth a little over 
.£4 per oz. 

"In New Zealand (Matha Lode, Waihi) thc ore consists princi
pally of hard whitish-grey chalcedonic or crypto-crystalline quartz 
often exhibiting a banded structure of thin wavy lamime which is 
rendered more conspicuous in the richer parts of thc lode by the 
presence of alternating thin layers of grey and bluc quartz, the 
latter owing its colour to the presence of the blue sub-sulphide of 
silver, in which form most of the silver exists. The proportion of 
silver to gold in thc ore is nearly four to one, and the average value 
per ton of ore is about 80s. From 35 per cent. to 40 per cent. of 
the wet crushed ore goes to the slimes plaut." 

Mr J. Yates-So far as I can gather, thc cost of single filter 
pressing is about 6s. per ton of dry slimes in Western Australia. 
The extra cost of double pressing there is 1s. The cost of the work 
here would, I think, be very much less. 

Mr C. Dixon-Thc whole thing reduces itself down to the ques
tion of the margin of profit. 

The President-I am sure several of the old members would like 
to say something on this question to-night. If filter pressing is 
going to cost 6s. per ton in place of the 2s. 9d. which the decanta
tion process costs in dealing with 1 t dwts. slimes, I think the extra 
extraction is going to bc a loss instead of a profit. I do not think 
the average product here is more than 2~ dwts., and thc use of lime 
water in the mill has brought down the slimes about 50 per cent. in 
value. As Mr Ernest ,Villiams said to mc thc other day: "Our 
residues were the same value as the stuff you originally start with." 
I may add, however, that I saw Messrs Johnson & Co. in London 
regarding the wear and tear of filter cloths. They pointed out that 
filter presses had improved so much that the wcar and tear of filter 
cloths was not one-twentieth part of what it used to be two or 
three years ago. So 'far, so good. What we now want are prac
tical experiments on the Rand. 

Mr J. Yates-When may we look forward to having the results 
of the Robinson trials 1 I am sure they will be most valuable. 
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Rate 0./ Settlement 0./ Slimes 23 

The President-I have only just come b~ck from England, 
and I was ill in bed when the trials were made. The only pro
mise I can makc to you is that I will intcrview the Robinson 
board, and if they are prepared to givc their figures, I will 
give them to the Society and to thc world with the greatest 
pleasure. 

Mr J. Yates-Can Mr Dixon give us any idea of the cost of a 
filter press plant, say on a 60-stamp basis 1 

Mr C. Dixon-I am sorry to say that I cannot. 
Mr J. Yates-That is one of the most important points in con

nection with the matter. I may tell you that a slimes plant of 
ordinary construction for a 60-stamp mill runs to something like 
£10,000. If you work it out it comes to 1s. per ton treated for 
redemption and interest. 

Mr C. Dixon-Mr Butters, in discussing Mr McNeill's paper, said 
he took a week to settle slimes by the decantation process. Mr J ohn
son pointed out that what Mr Butters took a week to do by 
decantation he would do in an hour in his filter presses, thcrefore a 
decantation plant would have to be of a capacity equal to 168 times 
that of a filter press to do the. same amount of work-hence the 
initial cost of filter presses would not be so great in comparison as 
might first appear. 

The President-Mr Melvill, how long does it take to settle your 
slimes in a decantation plant 1 

Mr G. Melvill-About twelve hours, say twenty-four hours at 
the very outside from the time you start transferring. Taking two 
hours for transferring, the slimes will bc settled down as far as they 
can possibly go in twenty-four hours. . 

Mr C. Dixon-I simply quoted Mr Butters. He said it took a 
week-vide l'mnsactions of the Instihdion of 1I1ining and lVletallurgy, 
vol. vi., pages 262 and 263. 

The President-I think there must be some mistake regarding 
Mr Butters' statement. There is prcsent a very hard-working 
lieutcnant of Mr Butters', who worked from the word "Go" on 
slimes. Perhaps Mr ,V. A. Caldecott will tell us what timc it took 
him on the average for the settlement of slimes 1 

Mr W. A. Caldecott-I think what Mr Melvill has just said is 
about right. It varies very much according to the nature of the 
slimes, and also according to the percentage of fine sands, which are 
almost pure slimes, which they contain. In some cases slimes 
settled in fourteen or sixteen hours, in other cases it may require 
twenty-four. Then again it depends very much on the depth of 
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24 Treatment 0./ Mill Slimes 

the vat, and also on the quantity of solution. It is impossible to 
make a positive statement. 

The President-But in your opinion it does not take more than 
twenty-four hours. 

Mr "\Y. A. Caldecott-No. 

DISCUSSION AT AUGUST MEETING, 1902 

Mr J. Yates-Mr Dixon has been very happy in the selection of 
his subject, for, if there is one department in metallurgy which is 
of pre-eminent interest to these fields at the present moment, it is 
the treatment of mill slimes. vVe havc now been working at it for 
some years, and though the attention devoted to it by Mr John R. 
"\Yilliams and other members of this Society has been very fruitful 
of results, we have, in my opinion, by no means reached finality in 
the matter, for we are surely not going to sit down and accept an 
average of about 60 per cent. actual extraction as the best that 
the united efforts of Rand metallurgists can do. 

The capital expenditure on present plants is objectionably high, 
being roughly £150 to £200 per head of stamps, and the imper
fections of the method are most glaringly evinced in the discharging 
of the material quantities of gold, cyanide, and water with thc 
residues. As a matter of fact the whole process is, even at this 
date, in more or less of a haze, and erratic results are not 
uncommon. 

But whilst criticising the decantation mcthod, do not let us 
forget its several good points-it is comparatiyely simple to work, 
and, though its extractions are somewhat poor, its working costs 
are low, and it is much to the credit of the Rand that, as Mr 
vVilliams assures us, profits have been made on slime of less than 
Ii dwts. value, an achievement of no mean order. In fact, in thc 
face of such results as this the decantation method will prove a 
formidable opponent to any rival. 

But we are now all aware that slimes are being treated very 
successfully by the filter press method in vVestern Australia, a 
method which was tried on a small scale here some years ago with 
not very satisfactory results. The presses in use in Australia are, 
however, of a much larger capacity than those tried here, and there 
can be no disputing that they are doing capital work on the high 
grade "\Vestralian pulp. So far as I can gather, the decantation 
method was tried on the Australian fields, but abandoned because 
of the heavy losses resulting from the running to waste with the 
residues the rich gold-bearing solution resulting from the treatment 
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Profits 0./ Slimes Treatme~t. 

of the high grade slime. The same objection to decantation holds 
O'ood here, but to a much lesser extent, for though the residual 
liquor is not of high value, it carrics sufficient gold away to 
seriously affect the actual extraction and profits. But a price has 
to be paid for this reducing of rcsidual values, and onc cannot con
tcmplate some of the Westralian operating costs without doubts 
arising as to the commercial practicability of the process on the 
~Witwatersrand. There is, however, sufficient promise in the pro
cess to warrant the closest investigation and study, and it may 
prove useful if I give you a few rough figures, showing how the 
two methods compare. 

With the decantation treatment the capital expenditure on plant 
amounts to about £150 to £200 per head of stamps, according to 
the magnitude, etc., of the plant. Let us assumc that a plant for a 
60-stamp mill costs £10,000, the redemption and intcrest on this 
being Is. per ton of slime treated. 

There is a further capital expenditure on slimes dams of, say, 
about 3d. per ton of slime and the addition of interest to this would 
make it, say, .Jed., or a total capital expcnditure of £14-,000, and a 
redemption and interest charge of Is. 4d. per ton of slimc. Adding 
this last charge to operating costs of, say, 3s., we get 4s. 4d. per ton, 
which leaves a profit of Is. lld. per ton treated on a GO per cent. 
actual extraction on a 2t dwts. slime. 

~With filter presses, I take it for granted, that double pressing 
would be needed. There are no reliable figures regarding the 
initial cost of filter press plants, but we will assume that £7000 
would cover thc cost of a 60-stamp plant, the redemption and 
interest on which would be about 10d. per ton of slime. No slimes 
dam would be needed as the comparatively dry slime would be 
trammed to the sands dump. The solutions, sumps and extractor 
boxes of the sands process would be used, and there would be a 
material saving of water compared with thc other method. The ex
traction on 2t dwts. slimes might, I think, for present purposes, be 
taken at 80 per cent. actual, and if the workillg costs are 5s. 6d. 
and the saving of water, say, 3d. per ton of slime, a profit of 2s. 4d. 
is yielded, as against the Is. lld. given by decantation-figures 
which certainly encourage investigation. It is upon this point of 
working costs that we need enlightenmcnt, but if, as I am informed, 
the double filter press process can be carried on for about 7s. per 
ton in vYestralia, I do not think I am over sanguine in believing 
that we should do it for about 5s. 6d. here. If this be granted, 
then it would really appear that there is a prospect of thc filter 
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26 Slimes Treatment in West Australia 

process developing into a stout though not overwhclming rival to 
the decantation system, but it is evident that the merits and demerits 
of thc two processes, so far as their application to the Rand is con
cerned, can only be settled by actual local trial, and it is a matter 
for congratulation that our President is in a position to inform the 
Society that he is about to test the methods side by side on a 
working scale. 

Before the termination of this discussion I shall be pleased if cir
cumstances will allow the results of Mr Darling's lengthy experi
ments on the Robinson's slimes to be made public, for, though they 
are on a small scale, I am sure that they have been carefully carried 
out, and they should be of much interest. 

There' is one other point I would mention. Seeing that with the 
decantation method we are throwing away gold, cyanide and water, 
to the value of between Is. and 2s. per ton of dry slime--the gold I 
refer to being gold in solution-one cannot help thinking that the 
filter pressing of this residual pulp might, in certain cases, be 
developed into a profitable and convenient undertaking. 

Mr S. J. Truscott-I would like to supplement Mr Dixon's paper 
by some notes on the treatment of slimes by filter presses on the 
Kalgoorlie Goldfield of Western Australia. 

The ore of this goldfield contains a large amount of calcareous 
and argillaceous matter, which, upon crushing, causes a large 
amount of slime. The proportions and values of the different 
products of ordinary battery reduction from such ore, is shown by. 
the results obtained at the Lake View Consols during the year 
ending 31st August 1899. The battery yield by amalgamation 
was 13'8 dwts. of bullion at an average cost of 6s. 10~d. per ton. 
The sands yielded by leaching 10'6 dwts. at a cost of 5s. lld. per ton. 
The slimes treated in the filter presses yielded 6'6 dwts. at a cost of 
7 s. per ton. The treatment was as follows: vVet crushing with 50 
stamps of 900 lbs. running at 90 drops of 6 inchcs per minute, and 
with a duty of 4 tons per stamp per day. The sands received ten days' 
treatment in the leaching vats. and the slimes, which formed 50 per 
cent. of the pulp leaving the mill, were filter pressed and· treated 
with cyanide in the press. Getting out of the oxidised ore and into 
the sulpho-telluride ore, the percentagc of slimes produced by the 
ordinary battery crushing was reduced to about 43 per cent., but 
close and fine distribution of the gold in connection with tellurium 
throughout the ore necessitated finer and still finer crushing, as no 
satisfactory extraction could be obtained by amalgamation or by 
cyanide without this fine crushing. In consequence, the majority 
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Gold Extraction in' West Australia 27 

of the mines now aim to convert all the ore into slimes, and it is 
becoming quite the exception to have a sands treatment which 
exists now almost exclusively for oxidised ores. Referring to the 
processes of extraction upon these fields, it is not sufficient that the 
ore should be ground to slimes; it is further necessary that the 
telluride, with which so much of the gold is combined, should be 
broken up. This is done by roasting in the Marriner process and 
by the use of bromo-cyanogen in the piehl process. The former 
process reduces the ore by dry crushing, roasting, pan amalgamation 
and sliming, and the Diehl process by wet battery crushing and 
sliming in special flint mills. 

The percentages of slimes produced now by some of the most 
important of the mines upon these fields are as follows :-

Lake View Consols 
Golden Horseshoe Estates 
Ivanhoe Gold Corporation 
Great Boulder Proprietary 
Great Boulder Perseverance 
Great Boulder Main Reef 

85 per cent. 

70 " 
50 " 

100 
100 
100 

" 
" 
" 

And the tendency is to bring all the mines to reduce all the ores to 
slimes. 

The recent results obtained by these mines are as follows :-

Mine. 

Lake View Consols 
Golden Horseshoe Estates 
Ivanhoe Gold Corporation 
Great Boulder Proprietary 
Great Boulder Perseverance 

Great Boulder Main Reef 

¥ 
i'i 
" ... 
'" " ~ 

1901. 

Aug. 31 
Dee. 31 
Dee. 31 
Dee. 31 
Dee. 31 

15 Months. 

Dee. 31 

::: 
.,,; .~ . 
" ;:::::'" ..., 

~~ '" " ... "-<'" +' C C 

'" ... 
01 ,jP< 
C N 

"" 0 

76,571 121,684 
98,849 184,189 
90,423 108,776 
89,121 152,160 

108,355 134,219 

23,928 33,865 

487,247 734,884 

B '" . S gJ 
.~ '" >1 01 
C '" ... 01 
P<'~ 
"..1'« 
<: 

877 
912 
874 
747 
858 

863 

855 

Of these totals, about 80 per cent. of the tonnage was reduced to 
slimes, which slimes were filter pressed, yielding about 35 per cent. 
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28 Methods of Using Filter Presses for Slimes 

of the total output. T he average yield by the slimes treatment 
would thus be about 11 dwts. fine gold per ton. The remainder of 
the output was obtained ehiefly by amalgamation and in lesser 
amounts by the sands treatment, by the smelting of eoneentrates, 
and by the smelting of rieh sulpho-telluride ore. 

Mr Dixon has indieated to you the construction and working of 
filter presses. With regard to the eons'truetion, the size at whieh 
they ean be worked in their present style is limited by the weight 
of a dried eake, whieh in a 4t-ton press, having frames 39 inehes 
square and 3 inehes thiek, is from Ii to 2 ewts. dry weight-as mueh 
as two men ean eonveniently handle in diseharging. 

Two methods of using these presses have been enumerated. (1) 
Where the slime is agitated with eyanide solution before going 
into the press. (2) When the slime is first pressed and then 
treated with eyanide solution in the press. The first system is 
best suited to dried slimes whieh do not eontain mueh water, and 
whieh ean be brought again to a pulp by agitating with stoek 
eyanide solution. Both these methods eome under the term of 
single pressing because the slimes are pressed only once. There 
is also a system of double pressing, by which the slime from the 
mill pulp, coneentrated up by spitzkasten and settling vats, is first 
pressed to get out its water, and then, being in the condition of 
dry slimes, it is agitated with eyanide solution and pressed a 
second time; this can be numbered as a third system. 

The first system was that which was first used when oxidised ore 
was still being treated; with such ore its extractions were satis
factory and its costs were low. But with the advent of telluride 
ore there was the necessity of longer eon tact with the eyanide 
solution before entering the press, and this was done in agitator 
vats. This was the second system. An objection to this system 
is the amount of fresh solution which is eontinually being made, 
the water contained in eaeh fresh charge of slimes becoming 
cyanide solution. I gather that this disadvantage is lessened by 
adding the cyanide in the agitator vats, in such strong solution 
that the volume of resultant solution is not materially increased. 
But even then there is an aecumulation of solutions above the 
demand. These solutions are not storcd, but they are turned into 
the return water with whieh they go baek to the mill again. This 
system is the one which is most in use. The third system allows 
of prolonged outside agitation with eyanide solutions, and at the 
same time there is no accumulation of solution, because the cakes 
go out of the second press with as mueh water as they had before 
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Costs of Fz"lte1'Press T1'eatment 29 

mixing with the cyanide solution. I gather that this method has 
not an extended use, this being probably on account of the extra 
cost of double pressing, which is probably much greater than the 
extra cost of the little extra cyanide consumed in the second 
process. 

Cost of treatment :-

The costs at Lake View Consols have already been given as-

Milling . 6s. 1 0·5d. per ton milled. 
Sands treatment. 5s. 11·0d. " treated. 
Slimes treatment 7s. O·Od. 

" " 
These costs were \vith oxidised ore, and, as mentioned before, the 
gold was brought into solution in the press itself, and consequently 
no expenses of agitation were incurred. 

In the later reports from this minc all the costs are grouped 
together, so that it is impossible to find out how much filter 
pressing costs, but in this connection, the following items taken 
from the last annual report, are of interest :-

Filling and emptying prcsses 
Compressed Air 

2s. 9·831d. per ton. 

Filter Cloth 
Is. 10·192d. 
Os. 2·359d. " 

" 
The results and costs at the Ivanhoe Gold Corporation during 

the year ending 31st December 1901 are very useful, because they 
afford a comparison to be made between the different parts of the 
complete reduction process. 

The milling results were :

Tons crushed 
Bullion produced 
Dwts. per ton 

Costs per ton for old battery of 60 stamps with 
a duty of 3·63 tons 

Costs per ton for llew battery of 40 stamps with 
a duty of 3·97 tons 

The results of the treatment Qf sands were :

Tons treated 
Bullion produced 
Dwts. per ton 

88,084 
50,5430zs. 

1l·5 

6s. 10·118d. 

68. 3·446d. 

46,459 
19,763 ozs. 

8·5 
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30 Results and Costs of Filter Press Treatment 

Costs per ton :- 8_ d_ 

Superintendence 
2-112 

Engine-driving 
2-327 

Filling and emptying Vats 1 2-937 

Removal of old Tailings 4-721 

Cutting Zinc 0-290 

Zinc 
0-702 

KCN 
1 5-689 

Lime 
2-437 

Fuel 
6-457 

Stores 
1-910 

Repairs and Renewals 4-669 

Smelting 
0-529 

Condensed Water - 3-368 

Assays 
1-661 

5 2-809 

The results of the treatment of the slimes were :-

Tons treated 60,624 
Bullion produced 24,534 ozs_ 
Dwts_ per ton 8-1 

Costs per ton:

Labour 
Trucking -
Enging-driving 
Compressed Air 
Smelting -
Repairs and Renewals 
KCN 
Lime 
Zinc 
Fuel 
Filter Cloth 
Turning Zinc 
General Stores 
Condensed Water -
Removal of old Slimes 
Salt Water
Assays 

8_ 

1 

1 

6 

d_ 
4-337 
7-491 
1-978 
3-773 
0-599 
4-094 
6-497 
2-041 
0-538 
5-881 
0-861 
0-223 
1-697 
3-217 
7-976 
1-512 

, 2-301 

7-347 
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Results and Costs of Filter Press Treatment 31 

At the Golden Horseshoe Estates the results and costs during the 
year were as follows :-

Milling results :

Tons crushed 
Bullion produced, 
Dwts, per ton 
Cost per ton (including Pan Amalgama

tion) 

Results of the treatment of sands :

Tons treated 
Bullion produced, 
Dwts. per ton 

Costs per ton :~ 

Superintendence 
Solutionists, Pumping 
Filling and emptying Vats 
Engine-driving and Firing 
Turning Zinc 
Assaying and Retorting . 
Extension of Tramways and Repairs 
Zinc 
Fuel 
Water, Salt 

" Fresh 
Lime and Chloride of Lime 
Cyanide . 
Electric Light 
General Repairs and Maintenance 
Breaking Slime and Sands 
Rehandling Sands from Dumps 
Realisation Charges 

Results of the treatment of slimes :

Tons treated 
Bullion produced, 
Dwts. per ton 

77,801 
57,978ozs, 
14'9 

9s. 7·691d. 

40,108 
21,481 ozs. 
16'7 

8, d. 
1'147 
5'322 

1 2'414 
1'848 
1'057 
2'337 
1'595 
0'946 
2'510 
2'243 
2'158 
0'639 

1 10'815 
1'050 
5'683 
2'903 
1'026 
4'615 

6 2'308 

51,58.'; 
22,971 ozs. 

8'8 
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32 Results and Costs of F£lter Press Treatment 

Costs per ton :-

Superintendencc and attendillg SolutiOlis 
Engine-driving and Firing 
Discharging Presscs 
Dumping Residues 
Turning Zinc 
Assaying and Retorting 
Cyanide . 
Filter Cloth 
Zinc 
Fuel 
Salt Water 
General Stores alld Charges Hepairs 
Compressed Air . 
Condensed Water 
Breaking Stones and Sands 
Rcalisation Charges 

These results are thus tabulated :-

8. d. 

6'034 
4'655 

1 l'llS 
8'968 
0'621 
2'914 

1 11'033 
4'173 
0'954 
9'220 
4'642 

1 3'730 
6'993 
7'4S8 
6·772 
3'794 

10 1-446 

BATTERY. SANDS. SLIMES. 

ci 0<=<= ci oc;:: ci 0;::1=: 
~.B 00 ~3 00 ~o 00 
0 

00::1;.::::: ...... 
0 

"C:l:::: ..... :g~ ;s!;: ..... 
o~ a3"a:-. o~ ~~~ 00.. ill ::\;.... 

;;:~ ~ '" ~~~ '" "" "-

8. d. dwt8. 8. d. dwt8. 8. d. dWt8. 

Lake View C011sols 6 10'5 13'8 5 ll'O 10'6 7 0'0 6.6 
Ivanhoe Gold Corporat'n 6 8'0 ll'5 5 2'8 1-5 6 7'3 8'1 
Golden Horseshoe Est .. 9 7'7 14'9 6 2'3 10'7 10 1'4 8'8 

These figures are enough to show that the treatment of slimes by 
filter pressing costs somewhat more than milling and somewhat still 
more than sands treatment. It would appear that if filter pressillg 
were introduced hcre it might be worked with the same relative 
cost, and that if milling on the Rand costs about 2s. 6d. per ton, 
then filter pressing should cost from 3s. to 38. 6d. It seems highly 
probable than on account of the quickness with which the gold is 
dissolved on the Rand that the simplest and cheapest process of 
filter pressing, that in which the cyanide solution is passed into the 
pressed cake whilst still in the press, would produce satisfactory 
results. 

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
)



Extraction by Filter Press Treatment 33 

In Australia all thc costs are high, which follows from the com
paratively small tonnages t~eated as comp~red with the R~lId; f~om 
the richncss of the ore, whICh thus necessItates more consIderatIOn; 
from the refractory nature of the ore; and from the high cost of 
water, fuel, and labour. 

With regard to the extraction by the filter press treatment, it 
depends much upon the completeness of the solution, and as regards 
the ore here it is a matter for hopeful experiment. Thc extractions 
in Australia are claimed to be very good; they are doubtless satis
factory in the cases of the mines which have been mentioned, but in 
their reports no such conclusive data was given that could be put 
before you. In the case of the Diehl proccss working at Hannan's 
Star, it is claimed that the residues assay ordinarily from 14 to 18 
grains from 14 dwts. ore, though sometimes they occur over 1 dwt. 
In the case of Hannan's Brownhill, it is said that the filter press 
cakes when sent to the dump average 1 to 2 dwts., no matter 
whether the original ore contained 1 oz. or 4 ozs. of gold per ton. 
In the matter of extraction the amenable ore on the Rand is placed 
at an advantage whcn compared with the refractory ores of this 
J(algoorlie goldfield. 

In the report of the Great Boulder Proprietary for the year 1901, 
the extraction from the slimes of the sulphide mill was at the rate 
of 17'1 dwts. of fine gold per ton, and the residues assayed 2'45 
dwts. 

With regard to the initial cost, it will, without much doubt, be 
less than that of a decantation plant of similar capacity, and it will 
also take up less space. The cost of a plaut to take the slimes from 
a 50-stamp mill would be about £4000, erected. vVith regard to 
the capacities of a press, it is usually found that they fall consider
ably below the figures estimated. When working very satisfactorily, 
about 10 charges can be treated in a day of 24 hours; at this rate 
a press of the usual size which holds 4:} tons would treat 45 tons 
per day, but generally a lower tonnage would be treated. 

Personally, I should likc.to see a filter press plant erected here, 
for while I have a great admiration for the way the whole metal
lurgy of the retreatment processes here has been continually 
improved, the fact still remains on the Witwatersrand that the 
filter press has not yet been adcquately tried. In Australia they 
have tried the decantation process for their orcs, but they found 
that in time, in vats, and in solutions, it was not economical. 

Mr C. Dixon-Mr Yates has given us an approximate estimate of 
£7000. I think he has put it rather high. Of course it is only an 

C 
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34 Costs of P'ziter Press Treatment 

approximate estimate, and he has not the figllres available to come 
any closer to the real cost. I was very glad to hear from the 
gentleman who last spoke that a filter prcss plant for 60 stamps 
cost only about £4000, and that the cost of treatment here would 
be a,bout 3s. 6d. a ton. I estimated it myself roughly at 3s. on the 
Rand, and am glad he brought it down to somewhere about the 
same figure. I think it will be found it can be done here from 3s. 
to 3s. 6d. 

Mr S. H. Pearce-I would likc to ask Mr Yates where he got his 
figures of 60 per cent. actual extraction on slimes from. As far as 
my experience goes, it is over 70 per cent. He also referred to the 
maintenance of slimes dams. As far as our figures are concerned, 
those are always included in the working costs. 

Mr J. Yates-What about the cost of the preliminary slimes dam 
-the one constructed before the milling is started. 

Mr S. H. Pearce-The cost of our preliminary dams is very 
small. All we do is to make a small bank of earth, which probably 
costs about £200, but which lasts only two or three months. That 
is the only expenditure on dams wc do not include in the working 
costs. All subsequent additions to it are charged to 'working costs. 

Ml' T. H. B. W ayne-There are two other slight processes used 
in Kalgoorlie. I have not been there for ten or eleven months, 
but I think I could bring some figures which might be of interest. . 

Mr J. Yates-W"hat does Mr Pearce consider the average cost of 
treatment here ~ Is it more or less than 3s. ~ 

Mr S. H. Pearce-At the present moment I think it will average 
a little more, but I do not think you can take the present con
ditions as being normal, as we are only running a limited number 
of stamps. 

Mr J. Yates-What was it before the wad 
Mr S. H. Pearce-I should think it woulq average about 2s. 9d. 

If it would be of any use to.Mr Yates, I will endeavour to obtain 
permission to give our average costs for the ten months prior to 
the war. 

Mr J. Yates-I am sure it would be very interesting to the 
Society. 

Mr O. Dixon-Bear. in mind, Mr Pearce, that the extra initial 
cost of the decantation plant, as compared with filter presses, would 
need to be taken into consideration, and your working expenses 
calculated right from the beginning. 

Mr S. H. Pearce-Our costs do not include depreciation, being 
actual working costs. 
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Initial Cost of Pliter Press Plant 35 

Mr 0. Dixon-Another Is. a ton added for rcdemption and 
interest would bring your decantation costs up to 3s. 9d. 

Mr S. H. Pearce--~w ell, I have been wondering how Mr Yates 
got at that Is. a ton. 

Mr J. Yates-Naturally, you have to assume some figures to 
arrive at that. 

Mr C. Dixon-A 5-ton filter press with 3-inch chambers-I am 
reading from a catalogue-can be purchased for from £495 to £550. 
Such a press has a capacity of 50 or 60 tons a day-5 tons at a 
charge. That is the cost of thc filter press with everything pertain
ina to the press itself. In addition to that you would have to have o 
an air compressor and accumulator, and a pneumatic forcing receiver 
_that is about all. So that I think the initial cost would be on a 
60-stamp basis not more than £5000, about £2000 less than 
Mr Yates' approximate estimate. That is an important. item, 
considering a decantation plant to deal with the same. amount 
of slimes would cost about £10,000. 

Mr J. Yates-Can Mr Truscott give us any idea of the cost of a 
horse-power per month in Western Australia? 

Mr S. J. Truscott-I am sorry I cannot. It has been assumed 
that I have been in Australia, but I have not. I have, however, all 
the latest reports from Australia of the companies concerned, which 
I shall be very pleased to hand to the Society. 

Mr J. Yates-I am rather astonished at you putting the probable 
costs at 3s. to 3s. 6d. I am inclined to consider they would be very 
much higher. I did hear the other day that the cost of a horse
power per month there was about £4, lOs., as against our £3 per 
month. 

Mr S. J. Truscott-Fuel at Kalgoorlie costs probably three times 
as much as it does here. 'Vater also costs more. It costs so much 
pel' 100 gallons there. 

Mr J. Yates-From what I can gather, my calculations, if the 
fignres of Mr Truscott are introduced into them, come out even 
better for filtcr pressing than I have shown them here. 

DISCUSSION AT SEPTEMBER MEETING, 1902 

Mr S. J. Truscott-In answer to a question put by a member 
at the last meeting, the process in use at the South Kalgoorlie Gold 
Mines is known as the Reichen process. This process is an electrieal 
chemical operation in which the roasted ore is agitated in a vat of 
special construction with cyanide solution. A current of electrieity 
is passed through the resultant pulp, by which the gold dissolved in 
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36 Specification of Filter Press Plant 

cyanide solution is deposited on the sides of the vat as amalgam, or 
else trapped in the circulating mercury. This method is claimed to 
give 92 per cent. extraction from sulphide ores. 

The results obtained during February, March, and April of this 
year were as follows ;-

February 1902 
March 1902 
April 1902 

2670 tons 2777 ozs. bullion. 
2780 " 2800" " 
2700 " 2673" " 

The Hon. Secretary also read the following communication from 
Mr J. Yates ;-

Mr J. Yates-Since the last meeting I have been furnished with 
a specification of a filter press plant, together with an estimate of 
cost of same. As the document contains some interesting details, I 
have obtained consent to handing it in as a contribution to this 
discussion, but in doing so I, of course, do not hold myself respon
sible for the figures and opinions expressed therein. 

COST OF PLANT.-The cost of machinery for ,filter press plant 
capable of treating 120 tons of filter press cakes per day of 24 hours 
would be as follows ;-

2 5-ton presses, each 48 in. square, having 24 separate 
chambers to make 3-in. cakes, actual capacity 90~ cub. 
ft., 105 cwts. 

patent vortex mixing apparatus, as per accompanying 
specification, including steel mixing tank 18 ft. dia. x 
8 ft. deep, having a capacity of 2032 cub. ft. Engine 
9-in. cylinder, 12-in. stroke and pump vane 4 ft. dia. All 
complete as described. 

pneumatic forcing receiver for charging, with automatic 
headpiece and air valves 6 ft. x 10 ft., having a capacity 
of 261 cub. ft. 

2 pneumatic wash receivers for displacement wash, with auto
matic headpiece and air valve, size 3 ft. x 5 ft. x 3 in., 
capacity 33k cub. ft. 

1 air compressor, patent Trinity House type, with spare power 
to work cyanide liquor pump, 10 x 10 x 12 in. double 
tandem, D.A. type. 

1 air receiver, 5 ft. x 10ft. 
1 centrifugal pump for cyanide liquor. 
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Costs of Filter Press Treatment 37 

All pipe work and fittings connecting the parts above 
detailed. 

Price for the whole as described above, £2900 delivered 
Johannes burg. 

Extra.-Two additional 5-ton presses and 1 additional forcing 
receiver, price £1600, delivered Johannesburg. 

The above price, as will be seen, includes press mixing apparatus, 
forcing receiver, wash receivers, air compressor and receiver, centri
fugal pump, piping and fittings. In addition to these items there 
are required settling tanks, solution tanks, tramway trucks, etc., 
the cost of which are well known. 

The plant, for which prices are given' as above, is capable of 
dealing with 120 tons of filter press cakes (equal to 104 tons of dry 
ore) per day of 24 hours, and includes two 5-ton presses with the 
other necessary machinery. 

In case the plant is required for treating wet battery slimes, the 
extra cost of two additional presses with an extra forcing receiver 
is given, as in this case the double pressing system would doubtless 
be adopted. 

COST OF LABouR.-The following is a rough estimate of the cost 
of labour in working a plant of, say, 100 tons a day (equal to 3000 
tons per month) :-

3 white men at £25 per month each. 
1 manager at £50 per month. 

White labour as above 
Kaffir labour 
Disposing of cake 
Lime 

S·7d. per ton. 

Cyanide 
Zinc 

6d. 
4d. 
7d. 
9d. 
3d. 

" 
" 
" 
" 
" 

3s. 1·7 d. per ton. 

On this same subject the following extract· from a letter received 
in reference to the comparative costs of working the filter press 
process in vVestern Australia and the Transvaal will be of interest. 
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38 Filter Press Treatment in West Australia 

The particular mine referred to is the Hannan's Brownhill Mille, 
where several plants are working. 

"It is almost impossible to draw comparison between the cost of 
this operation in "\Yestern Australia and in South Africa, owing to the 
wide difference in local conditions. The main point to be considered 
in the matter is the cxtraction, and in regard to this we believe that 
slimes which are treatable by cyanide by decantation can be trcated 
with greater success by filter prcssing, which is a point in favour of 
the filter press. All the cost sheets of our various mines in \V cstern 
Australia using filter presses are made out as showing the cost of 
treatment of slimes as a whole, and do not set out the particular' 
costs of filter pressing, and in ",r estern Australia, as you are aware, 
the consumption of cyanide, owing to the character of the ore, isvcry 
heavy, labour is very high, water is expensive, and power is also 
dear as 60mpared with South Africa. So far as the particular 
process of filter pressing is concerned, I may say that we contract 
the management, discharging and dumping of tailings from the' 
filter presses for an average of Is. 6d. per ton. This is based 
on wages at £4 pel' week, so that you can see, using black labour 
which could efficiently do this work, the cost would be very much 
less indeed. As to power, the, average cost in "\Vestcrn Australia is 
about £4, 12s. per horse-power per month, a figurc very much 
larger than in South Africa, and the actual power used in working 
the filter presses, as near as I can get it from our cost sheets, is 
about Is. 2d. per ton. The actual cost of power of our cyanide 
plant, which includes the agitation of slimes, the power of the filter 
presses, and all the pumping in handling the slimes and solution, 

• amounts to 2s. 4d. per ton. Thc actual supplies used by filter 
presses amount to about 3d. per ton. 

"You will see, therefore, that the cost of filter prcssing may be 
reduced, for labour to Is. 6d., for power to Is. 2d., and for supplies 
3d., a total of 2s. lId. per ton; and I belicve that in South Africa 
with cheaper labour, etc., even this could bc improved on. I may 
say that the actual cost of cyaniding to us, including bromo-cyanide, 
purchase of water, power and labour, amounts to about 15s. per ton 
-chemicals alone forming 8s. of this." 

Note.-Pressed cake = 130 Ibs. per cubic feet quantity of well 
settled slimcs (6 hours subsidence) = 2~ times vol. press 
cake. Press cakc holds rather less than 20 per cent. 
water by wcight, and about 40 pCI' cent. water by 
volumc. 
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Extraction and Profit in Slimes rreatme~t 39 

The mixing tank charge should consist of-

Ore (dry) 
Water 

By weight. 

4 

5 

By vol. (ahsolute). 

1 

3 

The Presidcnt-I regret that I am not able to bring forward 
the figures regarding the Robinson experiment for this meeting, 
but I hope to be able to publish thcm in this month's JOlt1'nal. 
There is a reason why I cannot bring them forward. \'iT e had to 
get the permission of other parties to the experiment. Roughly, 
however, from an extrnction point of view, I may say that the 
filter press process gave us an average extraction of not less than 
92 per cent., in fact, we could get anything we liked by it. I am of 
opinion, though, that the cost of extraction, even with the most 
modern filter press, could not be under 5s. a ton, making all allow
ance for experimental working and so on. I have a few figures 
here. They are the figures of the Langlaagte Deep for Ma,y, June, 
and July. 

RETURNS b'Ro:i\I SLIMES PLANT, LANGLAAGTE DEEP, LIMITED, 

FOR MONTHS MAY, JUNE, JULY 1902. 

Tons I Origina's Residues Theort: tical Actual Cost Total Profit 
~!onth. per ton per ton 

treated. per ton. per ton. Extraction. Extraction. treated. Profit. treated. 

------ ---

Dwts. Dwts. Per rent. Per cent. s. D. £ s. D. 

May 2,380 1'138 0'256 77'50 70'89 210'497 61 6'15 

.Juue 2,000 1'370 0'217 84'16 89'06 3 6'510 183 1 9'96 

July 1,770 1'398 0'223 84'15 78'48 3 4 '069 112 1 3'19 

Judging from these figures I do not see how the filter press 
process is going to pay with very low grade stuff. Of course an 
extraction 10 per cent. higher makes a very big difference, but let 
us keep the figures before us. The slimes values of all the mines I 
am connected with are not more than 2! dwts. to-day, so that even 
with the extra 10 per cent. it does not give a very big margin. 
The costs of working for several of our mines have been as 
follows :-
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Costs of Decalitati"on Process 

WORKING COSTS. 

DETAILS. 
Compf1ny Compf1ny Company 

No. 1. No.2. No.3. 

s. D. S. D. S. D. 

Filling and Discharging and} 1 l'l38 10'633 1 3·772 
Labour-vYhite and Native 

Cyanide. 5'182 5'297 5'849 
Zinc - 0'920 1'807 
Lime 6'080 3'537 5'899 
Stores and Material 2'879 3'314 0'251 
Power 4'200 2'lM; 1'155 
Maintenance 0'102 5'073 0'525 
Water 0'129 0·777 -

Assaying and Sampling 2'490 1'702 3'239 

Total 2 10'200 2 9'409 2 10'497 

Mr J. Yates-These are wonderfully good figures you have put 
before us for the dccantation process. Concerning the value of 
slimes, I have gone carefully into the figures in the Chamber of 
Mines' annual reports, and find that the actual recovery for the 
ye:1rs 1898-1901 inclusive, is 2'71 dwts. of fine gold. If you take 
it for granted th:1t 70 per cent. is the actual extraction, it would 
give you 3'1 dwts. of fine gold. These are really extraordinary 
figures. 

The President-I purposely singled out the very lowest we have. 
I might mention one instance which might be interesting for some 
one to take note of. At the Geldenhuis Deep for a year before the 
war the value of the slimes was 4'91 dwts. 'Ye put in sundry shafts 
and sampled the slimes dam, and it was found practically the same. 
The difference was just clerical. For the last ten months, however, 
the value was 1'9 dwts.-something under 2 dwts. 

Mr J. Yates-Recovery 7 
The President~Actual value before the treatment of the gold. 

After the British occupation we came up and started the Geldenhuis 
Deep. It was onc of the first companies to start. Lime was un
procurable, and I decidcd, having a big plant and only running 20 
or 30 stamps, to start the plant without lime. I can give you 
the correct figures afterwards. The slimes were not less than 4'5 
dwts. to the ton. Immcdiatcly after getting lime they came down 
to 2'2 dwts. The grade was perhaps a little higher before. So, 
first of all, you have high slimes without lime, alld then low slimes 
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Value and Exh'actz'on of Slz'mes 41 

with lime. I think this matter deserves careful investigation. Of 
course all you have to do is to add your lime to the mill, but I 
would point out that at present the slimes are paying for the lime, 
but if you add it to the mill the mill would be paying for it. 

Mr J. Yates-'iVhat value were the slimes when 92 per cent. 
extraction was obtained ~ 

The President-I should say about 5! dwts. on an average, but 
they sometimes reached vcry much more. I brought some across 
from the Geldenhuis Deep, which were about 4 dwts. There were 
some also from the Treasury, and some from the Robinson, and so 
on. I am hoping before next meeting to get the whole of these 
figures. If so, they will be printed in the Joumal, and you will 
have them in black and white before you. 

Mr J. Yates-Thanks, very much. 
Mr C. Dixon-I should like to express the great satisfaction it 

has given me, together with the other members of this Society, to 
hear from our President that he is arranging for a fair trial of filter 
presses on a large working scale, alongside of the decantation 
process, and undcr as nearly as possible identical conditions. The 
result of this comparative test will be eagerly looked for, and I feel 
confident that thc verdict will be in favour of filter presses. 

The discussion has brought out, very prominently, one or two 
important points about the decantation process that very few 
outside the Rand, and many here on the spot, have yet fully 
realised. 

By using lime water in the mill the slimes are reduced fully 50 
per cent. in value, and now, instead of slimes running 5 dwts. and 
6 dwts. and more, we have to deal with a product averaging only 
I! dwts. to 2~ dwts. per ton, and from these slimes it is claimed 
that an average actual extraction of between 60 and 75 per cent. is 
obtained by the decantation process at a total cost of from 2s. 9d. 
to 3s, 3d. per tOll. 

In thc face of such results it may, at first sight, appear. to many 
that there is not much hopc for filter presses proving a greater com
mercial success, as the impression here seems to be that filter presses 
will cost'too much to work. 

However, if you compare our working costs throughout with 
those of \Vestem Australia and New Zealand-mining, milling, 
sands and slimes treatment, etc.-it will be seen that Johannesburg 
costs are all much lower in the various branches, and it is obvious 
that the cost of working filter presses here, as compared with the 
costs in the Colonies referred to, will be in the same ratio as other 
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Filter Press Tnatment of Sewag-e 

working costs, which-reduced to figures-means that we may 
expect to treat slimes by the most modern and suitable size filter 
presses at a cost 'of, say, 3s. per ton, or at the same cost as the 
decantation process now practised. 

'Vhilst on the all-important subject of working costs, and of 
labour costs more especially, it may be of interest to quote the 
following from Mr McNeill's paper previously referred to :--

"Filter presses are uscd largely in the treatment of scwage by 
the chemical precipitation process, and Mr J_ Croll, Engineer of the 
Richmond Main Sewage vV orks, England, gives the costs per ton 
of pressed cake as follows :--

Labour 
Lime. 
Cloths. 
Coal, Oil, etc. . 

10d. 
9d. 
4d. 
3d. 

2s. 2d. pCI' ton 
pressed cake," 

and, Mr McNeill observes, "that trcating gold or'e slimes weighing 
certainly not less than 112 Ibs. per cub. ft. (against sewage precipi
tate cakes weighing only, say, 90 Ibs. per cub. ft.) would cost for 
labour charges about 6d. to 8d. only per ton of pressed cake." 

. The President-I would like to make one little remark about the 
sewage question; that is the emptying part of the question. It 
does not come in at all, because they have any number of clients 
prcpared to bring their carts right under the filter presses. Cyanide 
does not come into the question, precipitation by zinc does 
not. I do not think you have set a fair example at all. All 
yon have there is the question of pressing with lime. You have no 
emptying which we must do on the Rand, and cyaniding which we 
must do, precipitation, screening, assaying, and everything of the 
kind. 

Mr C. Dixon-I brought it out to show the cost of labour only. 
Of course it does not apply to the treatment of gold ore slimes here, 
except as regards the labour costs, and the figures are useful as a 
guide in this connection. 

The President-Even the full cost of labour does not come in, 
because these people bring their carts there and empty their presses 
into the carts and take it away. 

Mr C. Dixon-In the discussion from which I quoted, another 
engineer said the total labour costs (which would cover filling, 
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Comparison of Methods 43 

emptying, and carrying away pressed cakes, etc., etc.) had been 
put very high at 10d., and that it ought to be done for 6d. 
or 7d. 

The President-Then you practically have a cost of 2s. 10d. for 
labour without using any of the metallurgical processes? 

Mr C. Dixon-:--:lo; 6d. to 10d. only for labour. In the authority 
I quoted, labour is given at lOd., but, as I have just remarked, 
another sewage engineer criticising that statement said it was an 
unusually high figurc, and that it ought to be reduced by 25 per 
cent. in most cases. If my memory is not at fault this engineer's 
name is Mr Fairley. 

REPLY TO DISCUSSION (OCTOBER MEETING, 1902) 

Mr C. Dixon-When I read my short paper on Filter Presses 
at the June meeting I expressed the hope that it would invoke 
healthy discussion, and be the means of bringing this method of 
treating mill slimes more prominently before'members. 

It has been most gratifying to note the keen interest and thirst 
for enlightenment on the subject that has been manifested, and as 
the paper has now been under discussion for five consecutive meet
ings, I propose to-night to briefly summarise, and remark on, the 
more important points raised. 

Mr J. Yates, at the August meeting, assumed that double press
ing would have to be adopted. I doubt if this will be found as 
economical on our very low grade slimes, and with the extremely 
weak working solutions, as either of the singlc pressing methods 
described in the original paper read at the June meeting. 

In using No. 2 method there is no surplus solution to deal with 
at all, and if No. 1 method is used the surplus weak KCN solutions 
may be used on the sands plant, or, if thc sands plant is not con
veniently situated, the impoverished solutions may be run to waste 
without any great loss. 

In the decantation process you fillish up with a pulp containing, 
say, a ton of "gold-bearing KCN solution" to the ton of dry slimes, 
which pulp you have to pump to the residue slimes dam; whilst 
with filter presses (single pressing by No.1 mcthod) you finish up 
with, say, a ton, of clear weak cyanidc solution only-robbed of its 
gold contents--and available for immediate use as weak wash; the 
slimes will contain no dissolved gold and are, in a comparatively 
dry state, as easily handled as residue sands. 

Furthermore, with the decantation process you use-and have to 
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44 Costs of F£lter Press Treatment 

provide storage capacity for-from 6 to 8 tons of liquor for every 
ton of slimes treated, or a bulk of solution at least five or six 
times greater than the amount used on a filter press plant. 

vVith regard to relative size of a decantation, as' compared with a 
filter press plant, the following from a manufacturer's pamphlet is 
interesting: "The decantation process takes from 10 to 15 days 
to complete, whilst the corresponding operation is performed in the 
filter press in about one hour each charge; i.e. in about 1-200th 
part of the time. It will be obvious from this statement that a 
filter press, capable of dealing with 5 tons of dry slimes at each 
charge, would be equal in output to a vat of 1000 tons capacity." 

The discussion is now narrowed down mainly to the question of 
working costs. Mr Yates estimates that the cost to run filter 
presses here will be about 5s. 6d. per ton of dry slimes, and Mr J. 
R. Williams opines that it will not cost less than 5s. per ton; 
neither of these gentlemen, however, gave figures to show how their 
estimates were arrived at. . 

On the other hand, I have, during the discussion, given figures 
substantiating my estimate of 3s. per ton, and this figure has been 
shown as a very reasonable one to expect. 

Mr Truscott, at the August meeting, and Messrs J. anc~ R. Niven 
at the September meeting, went very fully into the question of 
costs, and their figures agree very closely with my own estimate. 

I will now enumerate some of the more important points in 
favour of filter presses (as compared with a decantation plant) 
which have been brought out by discussion, or, more, or less, tacitly 
admitted :-

(a) Initial costs much lower, plant is comparatively small, com
pact and portable, and redemption and interest charges 
are very much less. 

(b) Uniformly high extractioll-residue slimes cakes are com
paratively dry and are easily and economically handled. 

(c) Saving of time. The gold return is practically up to date, 
whereas, with the decantation process you must always bc 
a fortnight behind the mill. 

(d) Saving of labour, chemicals, and water. 
(e) The expensive and annoying residue slimes pumps and dams 

are done away with. 
(f) And, not the least important, the expense of constructing' 

large filter beds-for the clarifying of the gold solutions
is done away with. 
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Compart"son of Methods 45 

Solutions from a decantation plant-no matter whether inter
mediate percolation filter beds are used or not-carry a certain 
amount of suspended matter into the gold precipitating boxes, 
which fouls the zinc and affects the precipitation of the gold to a 
considerable extent, besides increasing the bulk of gold slimes to 
be cleaned up and smelted. 

From filter presses, absolutely crystal clear solutions are obtained. 
In conclusion, allow me to suggest that the concentrated talent 

on the Rand (liberally backed up by capital, as it always is), 
together with the open and unselfish manner in which all work for 
the advancement of the industry, may very soon bring about 
mechanical and other improvements in the present style of filter 
pressing to enable working costs to be brought down to a very low 
figure. 

It cannot be claimed that even the most modern filter press is 
mechanically perfect, and there is plenty of room for improvement 
in construction and manipulation of the present press, or perhaps 
an entirely different style of machine may be brought out to do the 
work more effectually and economically· in every respect. 
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III 

THE SMELTING AND REFINING OF ZINC-GOLD SLIMES 

By E. H. JOHNSON AND W. A. CALDECOTT (ME~IBERS) 

(Head at J1tly Meeting, 1902) 

THE general question of the smclti!1g and refining of zinc-gold 
slimes has not, so far as we are aware, beendiscusscd of'late years 
in this or any allied Society, though considerablc advances have 
been made and various incidental referenccs to the matter are 
scattered throughout technical literature. An epoch of advance 
dates from Mr A. F. Crosse's statement at our meeting in June 
1898, that he and one of thc joint authOl"s (E. H .. Johnson) had 
independently succeeded in producing pure bullion from thc zinc 
precipitate of the cyanide process. As a result of this improvcment 
the days of cyanide gold averagcd at £3 per ouncc (vide Chamber 
of Mines returns) are now passed, and cyanide bullion now fre
quently equals mill bullion in valuc per ounce, and if desired can 
be made to cxeeed it. The point of similarity in the two proccsses 
was the use of manganese dioxide in the flux, and thc points of 
divergencc werc the use by Mr Crosse of a clay-lined crucible and 
silicate of soda, and by Mr E. H. Johnson of a replaceable clay-liner 
to the crucible and sand as the source of silica. Since that time 
the process of adding manganese dioxide to the flux, for the removal 
of base metals, has become generally practised on these fields, but 
the details have never been published, and considering the general 
experience gained, it might be profitable that discussion should take 
place. 

The preliminary treatment by dilute sulphuric acid for the 
removal of metallic zinc is now so generally adopted on these fields, 
and has been already dealt with in a previous paper by one of the 
joint authors (E. H. Johnson, Journal of Chem. and Met. Society, June 
1897), that the treatment of the slimes only after removal from the 
filter press, and after calcination, will be considercd. The import
ance, however, may be emphasised of efficient acid treatment and 
thorough washing, and the desirability of calcining at a fairly high 
tempcrature and withol,lt any stirring of the dried slimes. Care in 
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Composition of Rand Slimes 47 

these preliminary operations is well rewarded by thc purer product 
resulting, and the subsequent less cost and labour in conversion 
into bullion. The methods adopted vary considerably in detail, 
and in many cases the fluxes used are in proportion more suitable, 
probably from force of habit, for use in assaying pyritic ore or 
concentrates than the product under consideration. 

Evidently to obtain a suitablc adjustment of fluxes it is necessary 
to know the composition of the material to be dealt with, and data 
on this point are unfortunately meagre. The following analysis 
made hy Mr A. Whitby a few months ago, of acid-treated and 
calcined slimes, is an illustration of the Rand product :-

Pcr cent. 

Gold 
Silver 
Lead 
Copper. 
Ferric oxide (Fe20 g) 

Zinc oxide (ZnO) . 
Sulphur triox~de (SOg) 
Nickel oxide (NiO) 
Silica 

34·50 
4·75 

12·50 
2·55 
3·65 
7·00 
6·95 
1·00 

21·00 

93·90 

Organic matter, including insoluble cyanogcn cOlhpounds, not 
determined. It is probable that the silica in this sample is 
somewhat high on account of the exposed position of the zinc boxes 
to dust, but the analysis serves as a general illustration. From 
this it appears that the constituents of such a product may be 
classed as-

(a) Reducers. 
(b) Silica. 
(c) Metallic oxides and sulphates. 
(d) Gold and silvcr. 

The reduccrs are, generally speaking, insoluble cyanogen com
pounds, impurities of commercial zinc and undissolved metallic zinc 
and lead derived from the use of lead acetate. The silica may be 
due to particles deposited from turbid solutions on the zinc shavings, 
to dust and sand blown into the boxes, and possibly to silica 
deposited on the zinc from dissolved silicates in the alkaline cyanide 
solutions. The metallic oxides are largely duc to roasting, and the 
sulphates to imperfect washing, or their insolubility in sulphuric 
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48 Oxidising Powers of Oxidising Agents 

acid, e.g. calcium sulphate and lead sulphate. Such a mixture 
evidently requires (1) oxidation of reducers to avoid formation of 
base bullion or matte, and to enable the oxides of such compounds 
to pass off as gas or into the slag; and (2) an acid flux to neutralise 
its basic constituents and yield a neutral non-corrosive slag. 

The oxidising agent most generally used is manganese dioxide. 
Other oxidising agents, such as nitre, have a higher theoretical 
power, but also introduce objectionable characteristics, such as 
ebullition and greater corrosion. The question of oxidising power 
must be taken from the point of view of the yield at a high 
temperature, under conditions actually obtaining. Thc following 
experiments on 100 parts of finely granulated assay lead to deter
mine the relative oxidising powers in a state of fusion-kindly 
carried out by Mr A. 'Whitby-are instructive in this respect ;-

Oxidiser. Other Weight of Actunl % Theoretical 
A Borax. fluxes. Lead oxi- oxygen % oxy~en 

Formula. QntY. dised. available. [wailnble. 

MnOz (75°/0) 37 150 20'6 57] 
" " 

100 22'6 6'2 
14'0 

" " 
gO 24'8 6'8 

" " 
80 27'4 7'6 

" (77° /J " 
100 28'7 7'7 

" " 
80 38'3 10'3 

" " 
65 44'2 11'9 

" " " 
Glass 15 45'1 12-1 14'3 

" " 
50 45'8 12'3 

" " " 
Glass 15 44'5 12'0 

" 
33 65 44'5 13'3 

KNO~ 16 
" 

Sand 13 21'4 10'0} 

" " 
50 

" 
19·0 9'1 47'5 

" " 
33 

" 
20'3 9'7 

KN02 23 65 
" 

21-1 7'0 37'6 

From these it will be seen that the highest theoretical oxidiser 
is not necessarily the most efficient in a state of fusion, the pre
sumption being that much of its efficiency is lost by the evolution 
of the oxygen below the temperature of combustion of all the 
reducers present. Violent gaseous evolutions during fusion are 
to be avoided also on account of the mechanical disturbance of 
the charge, and consequent dusting, that ·ensues. One cause of 
bubbling in a fused charge, when sufficient oxidiser is not present, 
may be attributed to metallic zinc boiling off at a high temperature. 
In the choice of an oxidising agent the residual base left to pass 
into the. slag needs consideration, as according to its nature it will 
require more or less acid flux to prevent corrosion of the clay-liner. 
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Requz"rements of a Slag 49 

Another point of interest that Mr Whitby's experiments hrings to 
light is the effect on oxidising power of varying proportions of 
horax. The influence appears to be mechanical, as you will observe 
a marked decrea~e of oxidising power as the proportion of borax is 
ill creased. 

The conditions requisite in a slag are (1) Fluidity; (2) Neutrality, 
or non-corrosion of thc highly siliceous and acid fire-clay liner; 
(3) Freedom after pouring from gold and silver, which is largely a 
function of the physical condition of fluidity; and (4) Small bulk. 
Fortunately, all these conditions are compatible except, perhaps, 
that of minimum bulk. 

The use of boric oxide (i.e. fused boracic acid or BPa) as a flux 
is interesting, though still in the experimental stage. It has the 
advantagc of yielding a most fusible and fluid slag-almost gold 
free-at a low temperature, even when used with manganese dioxide 
as the sole flux for three to five times its weight of gold slimes. 
This slag, like that obtained by the use of borax only, or a mixture 
of fused borax and boric oxide, disintegrates and largely dissolves 
in dilute sulphuric or other acid, cspecially when granulated in 
such an acid by pouring in molten. Being acid, boric oxide tends 
to prevent corrosion of the clay-liner, though hardly as effectually 
as sand, which may require to be used with it in small quantity OIL 

this account. It has the further property of displacing other acid 
mdicles, the silica appearing as an opalescence, and the sulphur tri
oxide in calcium sulphate, or base metallic sulphates present being 
driven off as a gas, leaving the corresponding borate. The ebullition 
thus caused in the charge may be quite considerable. Some mixtures 
of metallic oxides when fused with boric oxide yield slags which are 
non-homogeneous when cold, the individual borates apparently 
crystallising out on cooling from the solution, .which molten slag 
really constitutes, but a small percentage of other metallic oxides, 
such as sodium or manganous oxide prevent this tendency, and yield 
a uniform glassy slag. 'IVe give a table showing the percentage 
composition of ordinary fluxes on the basis of pure reagents :-

Flux. Formula. Base. Acid. Gas. 

Sod. Silicate Na2Si4Og 20%(Na20) 80° /0 (Si02) 

Dry Sod. 
Carbonate Na2COa 59% (Na2O) 41% (CO2) 

Borax (fus.) Na2B40 7 
31% (Nap) 69% (B20a) 

Sand Si02 100% (Si0
2

) 

It is almost unnecessary to say that moisture-free fluxes are rnost 
D 
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50 Composition of Fluxed Charge 

desirable, as any moisturc introduced into the crucible must escape 
in the form of steam, which causes mechanical disturbancc of the 
charge. 

At our request a well-known firm of crucible makers ill Englalld 
have prepared some crucibles lined with basic material, in order to 
withstand better the corrosivc action of the basic metallic oxides 
in zinc·gold slimes, and have likewise made certain changes in the 
composition of their liners, but samples of these products have not 
yet arrived here, so we are unable to state definitely whether allY 
improvement in this direction may be looked for. 

Reviewing generally the composition of a fluxed charge, its 
components must be judged by the rules governing smelting opera
tions generally, whether of an assay or a blast furnace slag. III 
other words, its components may be divided into two well-known 
classes of basic metallic oxides (ZnO, PbO, MnO, NazO, FeO, 
etc.), and acid oxides (SiOz and BZOB). The objcct of fluxing is 
to obtain a due proportion between these acids and bases, so as to 
produce a liquid, neutral slag on fusion with complete separation of 
gold and silver. The addition of a minimum amount of flux is, of 
course, desired in attaining this end, since the use of any flux 
beyond what is actually required involves expense in its own cost 
and in the increased production of slag and expenditure of time, 
labour, fuel, and crucibles consequent upon its addition. Owing to 
the basic nature of acid-treated slimes, a flux of acid character is 
obviously required, and at present a mixture of ground" fused" 
borax (n.ot "burnt" or " calcined ") and sand best fulfils this con
dition, the first mainly to confer fluidity, and the second to protect 
the clay-liner. The use of soda as a flux in an already basic 
material appears unnecessary, the small amount of alkaline oxide 
needed for the for_mation of a homogencous slag being supplied by 
the borax. Bi-carbonate of soda is particularly objectionable on 
account of the high percentage of gas it evolves on fusion. Pow
dered glass in place of sand has been used, but since the function of 
the latter is to supply an acid flux and protect the liner, the intro
duction of a complex silicate, such as glass, containing unnecessary 
bases, is not obvious. Fluor-spar is occasionally used for conferring 
fluidity, especially of sulphates present, though it is not absolutely 
necessary. Thc effect of smelting a charge with an insufficiency of 
acid flux and excess of sodium oxide is to produce a corrosive slag, 
which, on cooling may bc dark and opaque from suspended base 
metallic oxides displaced from combination by sodium oxide, and 
which may even deliquesce on exposure to the air. In dealing with 
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Flux for Slimes 51 

unfamiliar slimes, it is usually advisable to run three or foUl' pre
liminary trials on the actual material to be smelted on a working scale, 
and under working conditions, with sufficient borax and varying pro
portions of sand and manganese dioxide and to note on pouring the 
quality of the bullion produced, the fluidity of the slag as evidenced 
by its appearance on pour~ng, and by.the freedom or otherwise fr?m 
gold priUs, ~wd the corr.osIOn of the Imer .. ~ matte ~r base lookmg 
bullion indIcates too httle manganese dIOxIde, whIlst too much 
manganese dioxide yields an infusible slag, or one containing much 
silver. If the proportions and temperature are otherwise correct, 
addition of borax increases fluidity, whilst corrosion of the clay
liner indicates the need for more sand. Too much sand yields a 
viscous slag, but, of course, this cause of viscosity cannot operate if 
corrosion of the liner also takes place. 

A very high percentage of sand (except with very sandy slimes) 
is required to cause pastiness, unless the temperature is very low. 
It may be noted, that fluidity of slag, of course, depends largely 
upon the temperature, and further, that a non-corrosive slag at a 
red heat may at a white heat attack the liner considerably. The 
extent to which corrosion takes place also increases with the time 
that the crucible is in the furnace. 

The following is a basis of flux which we have used for some 
time, varying the proportions within the limits given as varying 
conditions required :-

Slimes 100 parts. 
Fused borax 20 to 35 

" Manganese dioxide 20 
" 

40 
" Sand 15 " 40 " 

The product in weight of slag from this flux will be somewhat more 
than the original weight of the calcined slimes. 

As an illustration of the use of the above proportions, the follow
ing were the results obtained at the Robinson Deep G.M. Company 
by the Cyanide Manager, Mr F. Maxwell, during the last smelting 
for which data are available :-

Weight of calcined slimes 
Weight of slag produced 
Fine gold in total bullion 

202·81bs. 
286·0 " 

1016·1 ozs. (troy). 
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52 Effect of Manganese Dioxide in Refining 

Flux used:

Slimes 
Manganese dioxide (commercial) 
Fused borax 
Sand 
Fluor-spar 

100 parts. 

21 " 
35 
35 

5 

" 
" 
" 

The slimes contained 7 per cent. of silica; the bullion 970 gold 
and silver per 1000; the slag, which was fluid and almost neutral, 
contained after amalgamation ·9 oz. fine gold and 5·5 ozs. silver. 

A feature of the use of manganese dioxide in refining, which most 
of you will have observed, is the tendency of the manganous oxide 
to carry silver into the slag. It may be remarked that in the 
smelting of lead ores a similar fact is observed. Before manganese 
dioxide was used for refining a rich matte was a frequent accompani
ment of the cyanide bullion; this matte also was found to contain 
silver altogether out of proportion to the original proportions of the 
alloy. It appears to be difficult to completely separate the lead 
either as oxide or sulphide, without to some extent acting upon the 
silver. It is, therefore, desirable to keep the manganese as low as 
possible consistent with the production of good bullion, containing 
a minimum of base metal. 

The two types of furnace in general use on these fields are the 
reverberatory, introduced, we believe, by Mr Charles Buttcrs, and 
the rectangular or circular coke furnace. The advantages of the 
reverberatory are cheaper fuel, large capacity, and saving of time 
and labour. Its disadvantages are the difficulty of observation 
during fusion, and liability of deposition of reducing matter in the 
charge from the light carbon particles carried over the hearth from 
the fuel. The advantages of· the coke furnace are its ease of obser
vation and of obtaining high tcmperatures, and its comparative 
immunity from extraneous reducers. Its disadvantages are more 
expensive fuel, smaller capacity, and more laborious manipulation. 
It will be evident, therefore, speaking broadly, that a somewhat 
higher proportion of oxidising agent will bc required where rever
beratory furnaces are used, and that a trial run in a cokc furnacc 
will not necessarily apply under reverberatory conditions. A tilting 
pot furnace was designed some years since by Mr Livingstone 
Sulman (Joumal Society Chemiwl Ind7tstry, December 1897) and is 
used in Westralia for zinc-gold slimes, and a similar type in the 
United States for running down silver precipitate produced in the 
electrolytic refining of copper. It consists essentially of a rect-
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Bullion-melting Furnace 53 

angular iro~-cased, brick-lined furnace, mounted on trunnions, with 
worm gear or lever-similar to a Bessemer converter-to tilt the 
furnace. The crucible, which is of the form of a plumbago zinc 
retort or skittle-pot, lies at an angle within the furnace, and projects 
through the wall. 'With modifications to enable a clay-liner of very 
laro-e capacity to be used, it might be found useful and economical 

'" here. There is a field of improvement in the growing importance 
of producer and water gas, and if this should come into general use 
locally, it might be profitably applied to our furnaces, as in the 
manufacture of crucible steel, with considerable advantages in the 
direction of cleanliness and convcniencc. There is an example of a 
very useful bullion-melting furnace at the Henry Nourse mine, 
capable of producing a very high temperature in a remarkably short 
time. This is of simple construction, being merely a hole in the 
floor lined with firebrick and with tuyeres carrying air from the 
compressor led in at the bottom. It is to be hoped that the pyro
meter may come into use on these fields before long, which will 
enable more accuratc data of temperatures and capabilities of our 
furnaces to be recorded. Regarding any residual prills of gold in 
the slag after production, it will be found advantageous to grind and 
amalgamate the latter in an amalgamating barrel. There is room 
for a well-designed and convenient dust-proof crushing and mixing 
apparatus for slimes and fluxes. A large sized iron cupboard 
arranged for receiving trays of slimes and capable of being locked 
up is a great convenience and security in a smelting room. A small 
iron chair of suitable height with the top bar of the back curved to 
support thc crucible when pouring is very convenient, as is also a 
small sheet-iron funnel, suggested by Mr Laird, which is supported 
above the mould for dirccting all the bullion into the centre. 

DISCUi;SION AT AUGUST MEETING, 1902 

Mr J. Yates-I congratulate the authors, Mr Caldecott and Mr 
Johnson, on their really admirable contribution to the Society's 
literature. 

The subject of smelting and refining zinc-gold slimes has been 
touched upon by other members, but I do not remember it ever 
having been so thoroughly dealt with nor so clearly, and the paper 
should be of much assistanee to assayers and smelters. 

I am glad that they have touehed upon the matter of furnaees. 
Our furnace arrangements are probably the least ereditable part 
of our practice. To eall them merely erude does not suffieiently 
describe them when the waste of fuel, the labour, time, and ineon-
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54 New Pan Furnace 

venience attending them is considered. The box furnace is but a 
small advance on the hole-in-the-ground furnace of the Ancients, and 
the reverberatory furnace is but little better so far as our particular 
work is conccrned. But the matter is now rcceiving the attention' 
it deserves, and I hope before long that we shall have a furnace 
built somewhat on the lines, say, of the Bessemer converter, which 
will do the work with the minimum of cost and inconvenience. 
'With oil or gas as a fuel such a furnace should not be difficult to 
design, and judging from the performance of a paraffin muffle I 
inspected this afternoon, I am inclined to think we are on the eve 
of a revolution in furnaces. 

The Chairman (Mr A. F. Crosse)-As Mr Yates has brought up 
the subject of furnaces, and it naturally belongs to this paper, I am 
showing a drawing this evening of a furnace for which I obtained a 
patent before the war. I think it is rathcr an innovation here. A 
furnace of this description has not yet been erected, but I hope 
before very long to be able to put one up. The principle of this 
furnace is: Instead of heating a large number of crucibles, the pre
cipitates, mixed with requisite fluxes, are melted on an open hearth. 
In order to avoid any mechanical loss, the mixture is pressed into 
solid pieces and is fed down a fireclay pipe on the hearth. The 
hearth is supported on. a hinge, an d is maintained in a horizon tal 
position by a hydraulic jack. When the melting is complete, it is 
only necessary to open a tap and allow the slag to flow slowly into 
a cone, and then receive the melted gold into a mould. Taking 
high class slimes with a fUI'llace of that size, one ought to be able to 
cast a 1500-oz. bar in one melting. 

Mr C. Dixon-On the Rand the amount of silver contained in 
the bullion is so small that its value need not be considered to any 
great extent. Is that right ~ 

Several members-No. 
Mr C. Dixon-vVould Mr Johnson recommend manganese dioxide 

being used in fluxing gold slimes containing, say, half silver and 
half gold ~ 

Mr E. H. Johnson-I should certainly want to experiment very 
closely first. 

Mr C. Dixon-It just occurred to me that the amount of silver 
driven into the slag from bullion containing half gold and half silver 
would be too much to allow manganese to be used. 

Mr E. H. Johnson-Quite possibly. 
The Chairman-As regards the value of silver, it is a very small 

proportion, but we can hardly call it an absolutely negligible 
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Value of Silve1'" in Bulll"on 55 

quantity. According .to my experience in the Standard Bank, I 
think it would amount to 3d. per oz. of gold. Not only does 
manganese tend to carry away silver, hut I rcmember some years 
ago seeing a largc quantity of matte on some huttons of gold. I 
carefully examined this matte, and I found it contained rather over 
10 per cent. of gold and 12i per cent. of silver. So silver in that 
case was carried off in a larger perceritage than gold. 

DISCUSSION AT SEPTEMBER l'IIEETING, 1902 

Mr A. F. Cros8c-1 hopc our Secretary will send Mr Alfred 
James a copy of the Jonrnnl, because "in his last book on the 
cyanide process he deals with matters that are somewhat ancient 
history here. I think it might interest him to see we havc gone 
ahead of late years. 

The Hon. Sccretary-Mr James is an associate of the Society 
and has a copy of the Joumal. 

Mr A. F. Crosse-The advice I would give to those engaged 
in smelting zinc precipitates would he to make trials, not to go at 
it and expect their product to be the same from month to month
to make trials, or get an as sayer to make them for them, in order 
to arrive at the right quantitics. It would save a good deal of 
trouble, and they would get results which would be morc satis
factory. I think Messrs Johnson and Caldecott have covcred the 
subject so well that there is nothing more for me to say. 

Mr G. Melvill-1 would like to ask Mr Johnson what quantity 
hc takes for the trials ~ 'What size pots does he use ~ I have tried 
a flux given by the Robinson Deep, and I found that unless I have 
a very great heat-almost white hot-1 do not get good results. 
At the Henry Nourse we have not got the vcry best furnaces, in 
fact, I supposc they are amongst the worst; they want renewing 
badly. Without great heat I find a lot of beads and matte. I 
tricd using lcss manganese and I increascd the sand, and then 
I found 1 had more matte still, and I had to resmelt it. 'With 
this flux, it appears, you must have a vcry good heat, otherwise 
you cannot gct good results. At the last smelting, with 50 per 
cent. silicate of soda, 85 pcr cent. borax, 10 per cent. nitre, and 
7 per cent. manganese dioxide, I got very good results. Still 
1 wanted a very great heat, lmt I got better results with a less heat 
than I required with manganese dioxide only; then I tried without 
manganese dioxide, and found that gave me quite as good results 
and with fewer bcads on the button. It might be the fault of the 
liner in thus corroding, or that some liners are inferior to others. 

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
)



Fz"neness of Gold and Calcz"nation 

It is a terrible nuisance, especially when using a silicate of soda 
flux. Another point with manganese dioxide, you find the liners 
are heavily covered with tiny beads. Is that due to not having 
sufficient heat? ~With a silicate of soda flux I did not find so many 
beads in the slag. Whcn I got gold with silicate of soda it ran 
about 900 fine, when with manganese dioxide it went 916. I 
would like to know about the fineness of thc gold. Is it an advan
tage to have the gold as high as 900 fine? Would not 850 be quite 
high enough, and perhaps not require so great a heat? Could you 
reduce the fineness by adding less manganese dioxide? 

Mr E. H. Johnson-I think the whole matter is a question of 
temperature. It is not eeonomical to ship base metal as bullion, so 
that the finer you can get your gold within reason the better. You 
must naturally. have a high temperature if you wish to refine your 
gold. I certainly have not had experience of many beads on 
the liners. 

The President-Does Mr Melvill add the zine from the slime 
boxes to the extractor boxes in the ordinary way? 

Mr G. Melvill-Yes, the zinc from the slime boxes is well 
washed, and then moved into the sand boxes. The slimes from 
the washing go into the output as well, and the whole lot is 
treated. 

The President-I think your having the sulphate of lead reduced 
to sulphide of lead would aecount for the matte. I believe the 
solution of that would be this: In doing it without very thorough 
washing-and even with thorough washing it is impossible to wash 
sulphate of lead out-you would, unless it were thoroughly calcined, 
always have that matte there. Regarding the advisability of calci
nation, I hope to be able to give you some interesting figures, 
possibly at the next meeting, with respect to some experiments 
we have in. hand just now. VVith caleination I get about 918 fine, 
with very little by-products; in other ways about 824 fine, but with 
a large amount of matte. The ~ fineness of the gold makes all the 
difference whether you get £4, 4s. an ounce or £4 an ounce. 

Mr D. J. vVilliams-Is it advisable to have the gold so fine? 
The President-The Rand Central Ore Reduetion Company pay 

Is. 3d. an ounce for silver in the slag. 
Mr D. J. Williams-We get 2s. per oz. in London for silver. 
Mr E. H. Johnson-It costs us Is. 3d. per oz. to send it there. 
Mr A. F. Crosse-Does Mr Melvill use any nitre in mixing up 

the flux with the gold preeipitates? 
Mr G. Melvill-Yes, I llse 10 per eent. of nitre. 
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Fineness of Gold and Loss of Szlver 57 

Mr A. F. Crosse-Because 1 have found itadvisabl6 to add a 
certain amount of nitre to oxidise the easily oxidisable portion. It 
rather keeps down any formation of matte. I think a small 
amount of nitre is useful. 

Mr G. Melvill-I found the gold came just as fine. Some has 
matte on, some not-not exactly matte but a sort of .small bead. 
I am speaking of a mass of tiny beads on the surface of the button. 

Mr E. H. Johnson-I should say that was decidedly due to want 
of temperature. The gold is not completely fused. 

Mr D. J. Williams-I always put this matte down to acetate Of 
lead used in the works. 

Mr C. Dixon-I have heard good assayers in Australia and New 
Zealand ask how it paid in Johannesburg to get the bullion so fine. 
If you strive to get the bullion so fine you are losing silver all the 
time. The finer you get the gold the more silver you lose. I 
suppose Mr Johnson's reply that it costs Is. 3d. to send an ounce 
of silver to London explains that. 

The President-I may add to Mr Johnson's remark that when 
we did not get our bullion very fine, the refiners in London used 
to make certain deductions, and we never knew where we were. 
vVe had no arbitration. I believe Mr Crosse and Mr Johnson, 
working simultaneously and independently, brought out a method 
of refining bullion, by which we never had a dispute with the 
London officials, and the difficulties of the previous days disappeared. 
I hope Mr Tavener will give us an interesting paper on still 
another method of smelting zinc slimes. For myself, I think he 
ought to be able to make a very good ease out of it. He should 
he able to give us food for reflection and good work. 

Mr C. Dixon-If my memory serves me right, in the early days 
of this Society-about 1894 I think it must have been -Mr 
Bevington, who at that time was at the Meyer and Charlton, 
brought forward his results regarding bullion sent home. I think 
he said it was wonderful how closely the return of bullion here 
compared with the results received from the London people. 

Mr R. G. Bevington-That is so; but the subject referred to 
was so long ago that I have quite forgotten the figures. They 
were reproduced in the Journal at the time, and in the first volume 
of Transactions. It really was remarkable at that time how closely 
they did come out. 

Mr C. Dixon-That is what they say in Australasia. Why 
strive to get bullion so much finer now if you succeeded so well 
hefore ~ 
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58 Fineness of Gold and Crucible Linings 

Mr R. G. Bevington-Our bullion used to run about 850 to 890. 
The President-I might refer to a test o! 1\1r Crosse's· process at 

the Geldenhuis Deep, against the process in vogue therc at the 
time. From one point of vicw, Mr Crossc had very much finer 
bullion, which Mr Dixon questions thc necessity of, but Mr Crosse 
had less than one-third of the gold in the slag that we had in the 
ordinary process, and that was where the real advantage came in. 
You must remember when you smelt and get the slag down to 
7 ozs. of gold to the ton instead of 30 ozs. to the ton, that is where 
the real advantage comes in. You can afford to lose the silver for 
the extra gold. If I remembcr rightly, Mr Crosse took half a clean
up, I took the other half, and on the face of it I thought I should 
beat Mr Crosse very easily, but after going through the question 
of by-products and so on, and remembering that a Rand group of 
mines paid Mr Crosse something for his process, depend upon it, it 
was not adopted without some advantage to the capitalists. 

Mr C. Dixon-You misunderstand m? I am not qucstioning 
the advisability of getting the gold finer here. I only wanted to 
say that a great doubt exists on other goldfields of the advisability 
of it j in fact, it is often said we are rather overdoing it on thc Rand. 
Being on the spot here myself, I can see that it certainly does pay 
to get it fine j but in other places where they have a much larger 
proportion of silver in their bullion, if they refine beyond a certain 
limit the proportion of silver lost increases in a very much greater 
ratio in comparison to the extra fineness of gold obtained. 

Mr H. Rusden-It has occurred to me that another thing that 
ought to be considered in using clay-liners, besides their unrelia
bility, is the extra cost of fuel and the time required in smelting 
when a clay-liner is used. I found by experiment it required 
nearly twice as much fuel and nearly twice as much time to smelt 
a given quantity of slimes in a clay-liner as were required in using 
a simple graphite pot. Taking that into consideration, it seems to 
me that the extra fineness is not compensated for in this way. I 
think as long as we get our bullion over 800 fine it is satisfactory. 

The President-In the experiments conducted by Mr Crosse and 
myself, he used clay-lincrs and I did not. I thought I had a bit 
the best of him, but he certainly bettered me in that test. I did 
all I knew. It was not one but several tests, using the ordinary 
plumbago crucible on the one hand and the clay-liner on the other. 

Mr W. E. C. Mitchell-We used a clay-liner on thc Nourse 
Deep when I was there. It proved very satisfactory indeed. It 
improved the gold in fineness at very little more cost. We had 
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F£ne Gold from Calc£ned Slz"mes 59 

good furnaces and a very good heat, but we required the heat in 
any case. 

The President-Did you find any reduction in the gold value of 
your slags by the use of the clay-lined 

Mr W. E. C. Mitchell-Yes, I think we did. I do not care to 
speak positively. It was a little while ago. 

Mr C. Dixon-In the July JauTMl, Mr Maxwell, of th,e Robinson 
Deep, gave some interesting figures on the production from his gold 
slimes ~nd the flux used. He gave the weight of calcined slimes 
202·8 Ibs., the weight of slag produced 286 Ibs., total fine gold in 
bullion 1016·1 ozs ..• that is, say, 5 ozs. of gold from every 1 lb. of 
slimes.· It may be interesting to compare with work on the Rand 
some figures that I got in New Zealand on one of the plants I was 
managing. They compare closely with Mr Maxwell's in some 
respects :-

Waihi, Silverton, New Zealand. 

Slimes 
Borax 
Carbonate of soda 
Sand. 
Fluor-spar 

Flux used, say:-

100 
70 

8 to 10 
5 to 6 
2 to 3 

123 1bs. of calcined slimes gave 735 ozs. of bullion, or, say, 6 ozs. 
bullion from every 1 lb. of slimes. 

Bullion, say, 870 fine :

Au 
Ag 

440 
430 

870 fine. 

DISCUSSION AT OCTOBER lIIEETlNG, 1902 

Dr T. Kirke Rose (contributed)-Although it is a little difficult 
for me to discuss methods which I have not seen in operation, I am 
writing down such general observations regarding them as have 
occurred to me. I am glad to see that you have brought the work 
to a point at which the problem of smelting each sample of slimes 
resembles that of assaying an unknown ore. The exact amount of 
fluxes may vary, but the main principles do not. 

Taking the analysis of slimes on page 47 and assuming it to be 
the same in the charge used by Mr Maxwell (page 51), I find by 
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60 Retention of Silver by Slags 

calculation that the slag produced contains a mixture of bisilicates 
and trisilicatcs in addition to borates and fluorides. The exact 
relation between the oxygen in the bases and that in the silica is 
1 to 2·66. This corresponds to nearly the lowest fusing-point in 
most silicate slags, and is so far satisfactory, but any such slag 
would undoubtedly dissolve silica at high temperatures; although 
the action would probably be slight up to 1150° or 1200°. I should 
have thought that it would have been better to form trisilicates 
only, which would have involved raising the sand to be added in 
MrMaxwell's charge from 35 parts to 41 parts if the slimes con
tained 7 per cent. of silica. The temperature of fusion would be 
increased a little, but the slag would llot be pasty, and its action on 
silica almost nil. 

On the other hand, bases would be dissolved far more readily 
than silica by the mixture of bi- and trisilicates, and if a basic lining 
is contemplated it will probably be best to aim at forming sesqui
silicates, i.e. those in which the oxygen in the bases is equal, to 
two-thirds of the oxygen in the silica. In such a charge as 
Mr Maxwell's this would involve the addition of 10 parts of sand 
instead of 35. 

With regard to the retention of silver by slags containing much 
manganese, it is probable that this is a chemical action due to the 
presence of silicates of the sesquioxides. (I need not remind you 
that these are totally different things from sesqui-silicates.) It is 
evident that some sesquioxide of manganese is formed, from a con
sideration of Mr Whitby's table on page 4S, in which the variations 
in the oxidising power of manganese dioxide appear to be too 
great to be due to the mechanical action of the borax alone. It 
appears from Mr Whitby's table that in Mr Maxwell's charge about 
70 per cent. of the manganese dioxide was converted into MnO, 
and 30 per cent. into Mn20 3 , and on this basis the silicates in the 
charge would be five parts of (R"OMSi02)2.66 to two parts of 
[2(R2"'Sipg) + 3(R4'''Sig0 24)J: Such an amount of sesquioxide, if 
really present, would correspond to a considerable loss of silver and 
gold, due to retention in the slag, but it is difficult to see how this 
can be avoided, since any attempt to reduce sesquioxides to pro
toxides would increase the baseness of the bullion, so that the 
cleaner the slags the more base the bullion would become. It would 
appear, therefore, that some compromise between the two alter
natives of pure bullion and rich slags on the one hand, and base 
bullion and clean slags on the other, must be adopted. I do not 
know whether you have already reached this conclusion by practical 
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Oxidz'sing Power of Ferric Oxide 

tests, but, of course, no theoretical reasoning can be satisfactory 
until verified by experiment. 

Perhaps it may turn out that less sesquioxide of manganese is 
produced when boric oxide is substituted for borax. It is to be 
noted, by the way, that fluor-spar and boric oxide are mutually 
destructive, giving rise to bubbling owing to the escape of the gas 
boron fluoride, so that these two fluxes cannot be used together. 

It has occurred to me that sesquioxide of iron is a possible 
alternative to manganese dioxide as an oxidiser. There is no 
reason to suppose on a priori grounds that the amount of sesqui
oxide left in the slag, and the corresponding loss of values, would be 
greater in this case than if manganese were used. I have made two 
experiments in imitation of Mr Whitby, to determine the oxidising 
power of sesquioxide of iron by fusing the following charges :-

A. 
Granulated lead 
Borax 

100 grammes. 

100 . " 
Sand 
Crocus powder 

The results were as follows :-

20 
50 " 

" 

Weight of lead oxidised 36 grammes. 
Actual percentage Of} _ 

·1 bl 5·06 per cent. oxygen aVa! a e . 
Theoretical percentage of, 

oxygen available . j 10 " 

B. 
92 grammes. 
50 
30 
50 

" 
" 
" 

48 grammes. 

7·42 per cent. 

10 
" 

Comparing this with Mr '1Vhitby's table, it will be seen that in 
experiment A, 100 parts of crocus powder are equal to 92 parts of 
manganese, and in experiment B, 100 parts of crocus powder are 
equivalent to 78 parts of manganese dioxide. In B, 74 per cent. of 
the sesquioxide is reduced to harmless protoxide, and the conditions 
in actual practice may be even more favourable. I have no gold 
slimes or impure bullion to test, but I would suggest that if you 
care to try sesquioxide of iron, you should assume an efficiency of 
90 per cent. in order to avoid losses in the slag. 

I venture to doubt that the tilting pot furnace will be used much. 
Its defects are, I fear, inherent. '1Ve tried one here made by Piat 
in 1889, and found that unless the metal was far too hot for satis
factory castings, the first trickle of metal solidified on coming in 
contact with the cold nozzle of the crucible, and the liquid was 
dammed back. On tilting the crucible more, a sudden. rush of 
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Charges on Rea!£sz"ng Gold 

molten metal would take place, and loss through spilling occur. 
We use a tilting cradle here, into which the large crucibles, which 
hold 6000 ozs. of metal, are placed after being lifted from the fire 
by basket-tongs worked by an electric crane. The metal is poured 
into moulds by means of the cradle. The method is certainly much 
better than that of pouring by ladles used in the United States 
Mints, and might, I think, be more extensively used in refineries 
than at present. 

I shall, of course, be very glad if you can find space in your 
excellent journal for some of these remarks. I find your journal 
most interesting~ and the only regret I have in reading it is that I 
cannot attend your meetings. 

Mr H. Rusden-I believe the following to be the charges on 
realising gold :-

{IlDX and Packing . £1 2 0 per Bar. 

Local 
Railage . 0 1 3 

" 
£100 value. 

Freightage 0 5 0 » » » 
Insurance. 0 3 0 » » » 

(""YFee 0 4 0 per Mill Bar. 

" " 
0 8 0 » Cyanide Bar. 

London MIt· 0 0 Ok oz. Bullion. e mg » 
Refining 0 0 2£ » » » 

Gold-994 Fine No Refining Charge. 

F
. {Full Assay value paid for. 2-£d. 

Gold-SOO to 993 me R fi· Ch per oz. e mng arge. 

Gold-700 to 799 Fine {
3 parts deducted from Assay. 

2£d. per oz. Refining Charge. 

Gold less than 700 Fine {
4 parts deducted from Assay. 

2-£d. per oz. Refining Charge. 

From these figures it would appear that a lOOO-o~. bar containing 
910 ozs. pure gold (such as one might expect to get when smelting 
with manganese dioxide, etc., in a clay-liner) would be worth 
barely a halfpenny per oz. fine gold more than a lOOO-oz. bar 
containing 810 parts pure gold (such as one gets smelting average 
slime in the usual way, in a graphite pot). 

I am of opinion that more than a halfpenny per oz. is expended 
to obtain the purer gold in the increased consumption of fuel and 
extra time required in smelting. 
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F£ne1Zess of Gold from' Z£1Zc-Gold SHutes 63 

l~EPLY TO DISCUSSION (OCTOBER MEETING, 1902) 

Mr E. H. J"ohnson-The very lenient nature of the criticism to 
which our paper on smelting and refining of zinc-gold slimes has 
been subjected does not necessitate more than a very brief reply. 
First, we wish to thank Mr Crosse for having brought forward the 
drawing of his ingeniously designed pan furnace, which would 
eliminate the need for the expensive crucibles and liners, and 
reduce a fairly large" clean-up" to practically one operation. We 
trust he may soon have the opportunity of demonstrating to us its 
value in practice. 

III reply to Mr Melvill, we find trials on 5 Ibs. of slimes satisfac
tory, as trials in assay crucibles of a few grammes of material are 
too rapid to fully demonstrate the effects of corrosion, etc. As Mr 
Melvill himself suggests, with improved furnaces most of his diffi
culties should disappear, since temperatures above the melting 
points of gold and silver are obviously required for satisfactory 
work. 

\\T e are obliged to Mr Rusden for bringing forward a list of 
charges on realising gold in bullion, though Mr Littlejohn informs 
us that railage is charged on the basis of weight of bullion, and not 
its value. Mr Rusden seems, however, ill his comparison to have 
omitted to consider the probability of bullion obtained by smelting 
zinc-gold slimes in a graphite pot, frequently containing less than 

,800 parts fine gold per 1000. In this case the deduction he men
tions of 3 parts per 1000 would be equivalent to nearly 4d. per oz. 
fine gold, which would a good deal more than cover any slight 
extra cost in fuel that the use of liners might involve. Further, 
when using the zinc-lead couple for precipitation, the formation of 
a matte on the bullion if the slimes are 'acid-treated, and then 
smelted in a graphite pot, is practically inevitable, and can hardly 
be termed desirablc when compared with the matte-free slag and 
good bullion manganese dioxide smelting in a liner yields, 

Mr D. J". '1Yilliams attributes the presence of lead ill the gold 
slimes to the use of lead acetate in the preparation of the zinc-lead 
couple. Our ordinary commercial zinc also contains up to 1 or 1~ 
per cent. of lead, which, for each tOli of zinc consumed, would pro
vide, say, 290 ozs. and upwards of lead in the resultant gold 
slimes. 

We greatly appreciate, as we are sure the Society will generally, 
the valuable letter Dr T, K. Rose, of the Royal Mint, the well
knowli author of the standard work on the Metallurgy of Gold, was 
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64 Smelting Zinc-Gold Sl£mes with Litharge 

good enough to forward, together with details of his experiments, 
in response to our request for a contribution to the discussion. His 
reduction of our more or less empirical proportion of fiux to a 
scientific basis is of great interest, as well a8 the explanation why 
the mangancsc dioxide causes silver to pass into the slag. His 
suggestion of using ferric oxide for refining purposes had occurred 
to us in the modified form of using a crucible lined with this 
material to remove the last 2 or 3 pcr cent. of base metal from the 
smelted bullion before casting into bars. 

In conclusion, we must express our pleasure that, as foreshadowed 
at a former meeting, Mr P. S. Tavener has at last been induced to 
give thc Society the benefit of a full description of his method of 
smelting zinc-gold slimes with litharge, the development of which 
to its present stage is due to Mr Tavener's energy and persever
ance. It appears to possess distinct advantages in economy, speed, 
and minimum amount of by-products. In using a lead salt in the 
leaching vats to assist the dissolving of the gold, the excess of 
dissolvcd lead, beyond what is precipitated in the charge by soluble 
sulphides or otherwise, is naturally precipitated subsequently on the 
zinc shavings. Here, besides its effect in continually reinforcing 
the action Of the well-known zinc-lead couple, it may at times con
siderably increase the bulk of thc gold slimes precipitate formed, 
involving extra labour and cost for convcrsion of the latter by 
present methods into gold bullion. For such a product, containing 
a high percentage of metallic lead, Mr Tavener's process seems 
peculiarly applicable. 

ADDENDA 

Prof. A. Prister (contributed to August 1903 lou1'nal)-In refer
ence to the discussion on Messrs Johnson and Caldccott's paper 
upon Smelting, Dr T. K. Rose suggested, "that sesquioxide of 
iron is a possiblc alternative to manganese dioxide as an oxidiseI'. " 
I may corroboratc this suggestion by saying that more than three 
years ago I madc use for some timc upon a working scale' of chlor
ination residues from roasted vanner concelltrates for this purpose. 
These residues are practically a mixture of Fe20 s and Si02, and, as 
any member of the Society will find who cares to try them, they 
serve as an cxcellent substitute for Mn02' and, moreover, cost 
nothing. 
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IV 

A SLIGHT IMPROVEMENT IN EXTRACTOR BOXES 

By S. B. HUTT (ASSOCIATE) 

(Read at A?tgust Meeting, 1902) 

A slight improvement in extractor boxes, preventing the stirring 
up of settled gold slimes by the How of solution.-The accompany
ing sketch shows at a glance the small improvement I wish to 
bring before your notice. 

The addition of the block A makes the bottom of each compart
ment into a reserve compartment, entirely free from the How of 
solution. Any sudden excess of solution cannot, therefore, disturb 
the slime once it has fallen through the sieve. 

This does not affect the precipitation in any way, but will help 
to prevent a possible loss of gold slime. 

All that is necessary to alter the boxes at present in use (except 
those which are too shallow to admit of this) is to cut, say, 2 
inches from the bottom of the partition of each compartment, and 
the addition of the block A. 

I think this addition would be found only necessary in the first 
three or four top compartmcnts, where the bulk of the slime 
collects. It would, however, be a grcater safeguard to have the 
whole of the box altered, considering the very slight cost entailed. 
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V 

AN IMPROVED WASHBOTTLE FOR QUANTITATIVE 
WORK 

By E. H. WEISKOPF (MEMBER) 

(Read at AUgItst Meeting, 1902) 

IN 1898 when doing a great number of pyrites analysis and 
especially in washing the iron.- oxyhydrate precipitate, I felt 
greatly handicapped by the disadvantages and insufficiency of the 
common washbottle as it is in use cverywhere. 

As many an analytical chemist will have experienced when doing 
exact work, it is nearly impossible to avoid losses through the 
" splashing" of the water, which when coming through the bend 
and nozzle of the outlet pipe always carrics air with it. 

The only means to prevent this has becn up till now, to fill the 
outlet tube with water by previously blowing into the bottle and 
keeping this tube full by squeezing the indiarubber tube connect
ing the nozzle with it. 

This is, as everybody interested will agree, a very tedious and 
troublesome procedure, and in itself would justify the entire use of 
a wash bottle which does away with the above disadvantage . 

. A further inconvenience with the ordinary washbottle is, in using 
it to get the last traces of precipitates from the beaker into the filter. 
I myself often wished to have three hands on such occasions. 

The above were my'main reasons for constructing a bottle which 
has none of these disadvantages. 

By using a "Bunsen valve" for the inlet air tube, I also did away 
with the necessity of continual blowing, because the quantity of air 
which can be forced into the bottle by a short, sharp breath is 
quite sufficient to keep up a constant and rcgular jet of water for a 
considerable timc. 

The handling and also the construction of the bottle are very 
simple, and in fact anybody accustomed to laboratory work will be 
able to make one without any trouble. 

Fig. 1 gives a view of the bottle which I a,m using myself, and 
~~ 
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Improved Washbottle 

beyond renewing occasionally the indiarubber parts, I have had no 
trouble whatever with it. 

Fig. 2 shows the arrangement of the different tubes, and a trained 
eye will see at a glance the whole secret of working the wash bottle. 
It is only for the sake of completeness that I give in the following 
a brief explanation of it. 

The water outlet tube a (Fig. 2), thc top part of which is bent in 
a manner which can plainly bc seen in the sketch, is connected by 
means of the glass tube b with the tap c, which latter serves as the 
spout of the bottle. 

7· and 7· are rings of indiarubber, which, being water-tight, allow 
the tap c to be turned in any required direction. 

n is a rubber ring which keeps the kcy of the tap in the socket. 
o is the inlet pipe for the air, and has a bunsen valve 0 fixed to it. 
p is a glass tap, and is worked by the thumb of the hand which 

is holding the bottle. The key of the tap c is worked by the fore
finger of the same hand. 

Fig. 3 shows the bottle in a position as I use it with great 
advantage for washing precipitates from the beaker into the filter. 

The bottle is further very convenient for filling litre flasks, etc., 
up to the mark, as the eye of the observer can easily be kept in a line 
with the' mark, while the forefinger regulates the glass tap of the 
nozzle, and thus can stop the flow of the water at any moment. 

The best method of working thc bottle is shortly as follows :
First of all the tap p is closed and air forced into the bottle by 

blowing strongly through o. Aftcr thc outlet pipe and nozzle are 
filled with water, the tap c is closcd and the bottle is now ready for 
use. In opening c a regular jet of water in any required direction 
can be produced, and it is only necessary to force some air from 
time to time into the bottle (through 0). 

When not in use, the surplus air in the bottle is allowed to 
escape by opening the glass t,ap p. 

The pipe a being full with water, the bottle can then be used 
immediately by simply closing p and forcing air into it. 

In using hot water the jet has naturally more force and continues 
for a longer period. 

As is obvious from the foregoing, this bottle has many advantages 
which ought to secure its popularity among chcmists. 
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VI 

THE RESIDUAL PRODUCTS OF THE DYNAMITE 
FACTORY AND THEIR VALUE TO THE GOLD 
INDUSTRY 

By WILLIAM CULLEN (MEMBER) 

(Read at August Meeting, 1902) 

THE title of the paper which I am about to read is perhaps a little 
unfortunately chosen, but you will see as I go on that it was 
extremely difficult to choose one which could possibly embrace all 
the points which I meant to bring up. Of colirse the principal 
point is to place before you the advantages which would accrue to 
you from the use of the various by-products of the Dynamite 
Factory. No doubt it is news to many of you that there are such 
things as by-products in connection with the manufacture of dyna
mite at all. Another point I.shall endeavour to bring out is that 
it is desirable from many points of view for an industry such as the 
making of dynamite, to get its raw materials as near to the place of 
manufacture as possible. The same thing applies to many other 
industries besides that of dynamite manufacture, but hinging on it 
is the great question as to whether the manufacture of dynamite in 
the Transvaal is an artificial industry or not. Perhaps the decision 
of this is scarcely a fit subject for a Chemical Society, but I see 
from a study of the records that many subjects have been discussed 
at your proceedings which do not have any more claim to be con
sidered chemical or metallurgical. It so happens that from various 
causes the question of dynamite has always loomed largely in the 
public press. Now I am going to place before you frankly the 
position of the dynamite industry in this country, with reference 
to the importation and use of the raw materials necessary for the 
manufacture of dynamite j and I am going to further ask you to 
bear with me while I make a comparison between the industry in 
this country and the same industries in other countries. 

Leaving America out of count, because, after all, it is more or 
less self-contained, we may take it that more explosives are made in 

68 
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Raw Materials for Nitro-Explo,sives 69 

Great Britain than in any other European country, not even except
ing Germany, Now, it cannot be said that in Great Britain there 
is an enormous scope fOT the use of explosives, The very reverse 
is indeed the case, and I am almost safe in asserting that about 
three-fourths of the explosives manufactured in Great Britain are 
sent abroad to Colonies and other countries, Naturally, mining 
absorbs the greater portion, Now, nitro-glycerine explosives are 
pretty much the same all the world over, and the raw materials 
must, therefore, be the same. The principal raw materials are 
nitrate of soda for making nitric acid; sulphur in some form or 
other for the making of sulphuric acid; glycerine for the manu
facture of nitro-glycerine, and cotton waste for the making of 
collodion cotton or gun-cotton, The latter, however, is com
paratively a small ingredient, and need hardly be considered 
among the other raw materials. 

It so happens that there is only one deposit of nitrate of soda in 
the world which is of any use whatever, that is the world-renowned 
deposit in Chili, A factory situated in England and a factory 
situated in the Transvaal have both to draw their supplies from 
this one source. Of sulphur and pyrites there are many deposits; 
but when freight is to be considered, it is cheaper to carry sulphur 
than pyrites for obvious reasons. Therefore the,Dynamite Factory 
employs sulphur for the making of sulphuric acid instead of pyrites, 
the sulphur coming from Sicily. Most European factories use 
pyrites because they are cheaper in Europe, but in Great Britain 
there are no pyrite deposits worth mentioning, so sulphur has to be 
imported from Spain or from Sweden as pyrites. Therefore, in 
regard to these two raw materials, at any rate, there is very little 
difference between the making of dynamite in the Transvaal and 
the making of dynamite in Great Britain. Few explosives factories, 
however, make their own sulphuric acid, and the reader only knows 
of one in Great Britain, The Dynamite Factory make all their 
own sulphuric acid as well as their nitric acid, 

It is, perhaps, unnecessary to point out that it will be many a 
long day before soap and candles are manufactured on such a large 
scale in ,this country as to warrant the erection of a plant to extract 
the glycerine from the waste leys; but after all the manufacture 
of soap in Great Britain is not altogether dependent on the fat 
obtained from animals reared on the soil. 

There is a factory near Grahamstown from which we once had a 
sample of glycerine, which was yery pure but not concentrated 
enough. 
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70 Position of the Dynamite Industry 

Onc never knows, of course, but it is, perhaps, too much to 
expect that nitrate of soda will ever be found in sufficient quantities 
in the Transvaal to supply the requirements of the Dynamite 
Company. Diligent search has been made in thc past, and samples 
have been sent, but they turned out to be nitrate of potash. Of 
course nitrate of potash would do cqually well, but seeing the 
Chili deposit is a product of the excrement of sea· birds, it is hardly 
likely that a similar deposit will ever be found in this country. I 
need hardly point out that the discovery of such a deposit is worth 
quite as much as an outcrop reef. With sulphur thc case is some
what different, as there is a class of mineral called by you" concen
trates," which is already used on the Rand, incidentally for the 
manufacture of sulphuric acid, and there is no doubt that with 
the more modern systems of manufacturing sulphuric acid this 
matcrial would be eminently suitable. 

I. have no hesitation in saying that for the chamber process, 
concentrates are not suitable unless they are concentrated up to 42 
to 43 per cent. sulphur, and I understand it hardly pays to do this. 
Thc combustion, which ought to be a natural one, has to be forced, 
with the result that thc coal consumption is too high. 

N ow, the business of thc Dynamite Company is not to roast ores 
and extract the gold by chlorination, but to make sulphuric acid, and 
in a highly mineralised country like this it is surely possible to obtain 
deposits of pure pyrites, i.e. pyrites comparatively free from arsenic. 

Before proceeding with the real subject matter of this paper, I 
wish to make it perfectly plain that I consider the dynamite 
industry quite the reverse of an artificial industry, as so many 
assert. Indeed, I would go much further and assert that the 
Dynamite Factory at Modderfontein is the most sclf-contained 
cxplosives factory in the world. But it is my desire, and the desire 
of those responsible for the industry, to encourage the discovery of 
the raw materials which are required for the manufacture in South 
Africa. Perhaps the scope is rather limited, but both the desire 
and possibility of its fulfilment are there. 

And now I come to the real subject, viz. to place before you 
as briefly as possible the use to which you might put some of our 
by-products, and by using them to benefit yourselves. By your
selves, of course, I mean primarily the mining industry, and I take 
it for granted that you arc all desirous of rcducing your costs if 
possible. N ow, it is quite true that the demand for chemicals by 
the mining industry outsidc cyanide is not very great, but still in 
the aggregate it is a fairly large amount. III the manufacture of 
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N£tre Cake £n the M£n£ng Industry 7 I 

nitric acid we have a by-product called nitre cake, i.e. acid sulphate 
of soda. It reprcsents about 30 per cent. free sulphuric acid on 
the average, which is available for use as such. To a certain extent 
this has bcen utilised by Mr Caldecott, and his process, with which 
I take it for granted you are all familiar, is now being carried out 
with great sl1ccess at the Rose Deep. Other experiments with his 
process have been carried out, I understand, at other places, but I 
am not acquainted with the details. . 

Now, in the solution of your zinc slimes you em ploy at present 
sulphuric acid as such, but there is no reason why this nitre cake 
should not answer equally well. It is readily soluble in hot water, 
and one part dissolved in three of water will give you about the 
strength of the solution you require. It is quite true that the solu
tion of the zinc takes place very slowly in the cold, but in the heat, 
and this can easily be brought about by the introduction ofa steam 
lead coil, there is not so very much difference. Naturally, I should not 
place this proposal before you unless I could assure you at the same 
time that I think you would find it working out much cheaper than 
the one you at present employ, and I will even go further and say 
that practically the same plant as you are now using could be 
utilised for the purpose. There may be other difficulties in the 
way, of course, with which I am not conversant, but from the 
experiments which I have carried out I am convinced that they are 
not insuperable. 

Another application to which this same body could be put is the 
manufacture of chlorine for the solution of gold. This, of course, at 
the moment has rather a limited scope, but I hear it is likely to be 
increased soon. I hardly think, however, it would work economi
cally without a small admixture of sulphuric acid to increase the 
fluidity of the mass, but very little would suffice. 

One large factory in Europe produces such an amount of this 
material (nitre cake) that it supplies an adjoining chemical works 
with all that it requires ill the way of sulphate, and incidentally for 
hydrochloric acid and bleaching powder-sufficient to make it be 
considered a very large alkali works. Of course we have hardly 
reached such a stage of development in South Africa as to ,varrant 
us erecting chemical works for the purpose of working up our by
products and supplying both South Africa and Europe with carbonate 
of soda and bleaching powder, but some day, and not very far hence, 
I hope to ·be able to tell you that all the bleaching powder re
quired in the Transvaal at least can be obtained at Modderfontein. 

Before leaving the chlorination process altogether, one other little 
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72 Nz'tre Cake z'n the Mz'nz'ng Industry 

matter is deserving of passing notice. True, it is small, but I hope 
not too small. Ferrous sulphate is used for precipitating the gold' 
from the chloride solution, and this ferrous sulphate can be very 
easily and very economically produced by dissolving any scrap iron 
one may have about the place in a solution of nitre cake. 

These are about all the applications to which nitre cake can be 
put in direct connection with the mining industry, but I suppose 
that even mining men require soda water in their whisky, and there 
is no reason why nitre cake should not be used to generate the 
carbonic acid gas. However, the question of cheapening drinks 
hardly comes undcr the scope of this paper, 

These are all the applications of nitre cake which I can think of 
at present, and before leaving the subject I may say that I shall 
naturally give every assistance to anyone who is desirous of carry
ing out experiments. It has been asserted, but with what amount 
of truth I cannot vouch for, that no process is of any use on the 
Rand unless it is of the straightforward hammer and chisel order. 
Now, I do not say that you can put nitre cake in your dissolving 
vats, and that the solution of the zinc will take place as with 
sulphuric acid, but I do say that with the cxercise of a little ingenuity 
the two processes will not be materially different. 

In the manufacture of sulphuric acid itself wc have two dilute 
distillates. I hardly think they could bc of such use as the carriage 
would more than run away with the price, but I mention them 
in case an application for them might occur to one or other of you 
present. 

One of the distillates contains only 1 per cent. sulphuric acid, and 
the other about 13 per cent. 

Then, again, there are various bodies which do not exactly come 
under the designation of by-products, but they are bodies for which 
we havc hardly any use at all ourselves. One is dilute nitric acid, 
which does not pay us to concentrate, and although I know you 
must have chemically pure nitric for the scparating of gold and 
silver, still there may be other applications which I have not 
thought of. 

It is true that, in the ordinary sense of the term, nitrate of soda 
is not a by-product, but in the past there have been large quantities 
which it has been impossible for us to use on account of its having 
become dirty or soiled. In some cases nitratc of soda is by itself an 
excellent manure, but when mixcd with sulphate of ammonia and 
phosphates, it has many applications in agriculture. Up to now the 
quantity of artificial manure used in thc Transvaal has been in fin i-
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Manufacture of Sulphuric Acid 73 

tesimal, but with the capital and energy which is now being put 
into the exploiting of the land, there should be a very large field 
open for the chcmical manure industry. 

On a future occasion I hope to be able to place before you the 
results of some work .which has already been done in this direction, 
but meantimc I shall content myself with indicating that when thc 
demand for agricultural chemical manure arises, it can be met. 

I cannot say that I know much about the percentage of nitrogen 
in the Transvaal coal, and perhaps therefore I may ,be altogether 
wrong in a proposal which I now make. 'Ye have a large gas works 
in Johannesburg, which at home, at lcast, would be capable of pro
ducing a large amount of ammonia in the form of gas liquor, I 
cannot say whcther the Johannesburg works has much ammonia in 
its liquor, but if it is a reasonable amount, therc is no causc why it 
should not be utilised for the production of sulphate of ammonia 
(which after all is an 'excellent manure). This ammonia could 
easily be caught in a c~ncentrated solution of nitre cake, and 
although the quantity of sulphate of soda mixed with the sulphate 
of ammonia would be rather large, still it does no great harm. 

'Yithin the past few years the chemical world has listened with 
great interest to the stories about new processes for the making of 
sulphuric acid. These stories have turned out to be quite true, and 
a new process is Howat work in several places in Europe, which 
bids fair to entirely displace the old chamber process, which has held 
the field for close on one hundred years. Many of you will rcmember 
the time in the course of attending your chemistry lectures, you 
came to thc special lecture on sulphuric acid. No doubt your 
lecturer showed you that when sulphur dioxide and oxygen were 
passed over platinised asbestos, they, through the catalytic action of 
the platinum, were made to combine, forming sulphuric acid an
hydride. The new processes have this simple experiment for a 
basis, and although various things have been substituted for the 
platinum, thc different patents are all exactly the same in ·principle. 
I only mention thesc processes in order to reintroduce the subject 
of concentrates, the treatment of which is becoming more and more 
a matter of importallce to mining companies. 

I said in thc carly part of this paper, that the burning of concen
tratcs in thc ordinary sulphur oven, or even a modified form of it, 
for the ultimate production of sulphuric acid, was not an economical 
process. The new process which I have just roughly outlined, is 
on the other hand quite suitable for ores whieh contain a low per
centage of sulphur, su'ch as the concentrates you produce on the 
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74 Chemt"callndustry t"n the Transvaal 

Rand, and one of these days we hope to ask you to send us 
samples. 

Perhaps it is too much to hope that thc Transvaal will ever be 
the centre of the chemical industry, but it has, I am sure, possibili
ties which few of us have the foresight to discern. I could indicate 
many lines which I am certain would be economical ill the long run. 
Take, for instance, the manufacture of chlorine for chlorination 
extraction. In Europe chlorine is now compressed in steel cylinders, 
and thus no more need be used than is actually required. As 
chlorination is at prescnt worked in the Transvaal, there is an 
immense waste, and I understand that the concentrates must be 
fairly rich before it pays to extract the gold. Of course even this 
itsclf is a small matter, but every little helps, and naturally I would 
not be sanguine of its success unless there was a cheap article, nitre 
cake, to help the manufacturing along. 

And now I must conclude these few rambling remarks. When I 
started with the idea of writing a paper for you on this subject, 
I must confess, that the importance of the by-products seemed 
greater than I now think they are on closer examination, but if the 
paper itself has given an impetus to the spread of chemical develop
ment on the Rand, so much the better for this Society, and so much 
the better for the community in general. 

DISCUSSION AT SEPTEMBER i)IEETING, 1902 

Mr J. Yates-Mr Cullen states that thc Chili an nitrate of soda 
is the only deposit in the world which is of any use. Why is this 
so ~ Do Germany and the othel' European countries also rely upon 
this particular deposit ~ 

Then again, we are told that deposits of nitrate of potash have 
been found in South Africa, and seeing that this salt is, as Mr Cullen 
remarks, equally suitable for the manufacture of nitric acid, one 
naturally asks whether any attempt has been made to exploit these 
local pota"ssium deposits, and, if so, where they fail to compete with 
the South American article-is it quality, quantity, or pricc? 

Mr A. F. Crosse-Some years ago I was sent down to examine 
nitrate deposits near Prieska. Certainly in some places in the 
kloofs I found very nice deposits of nitrate of potash. I might 
have brought back samples containing 95 per cent. of nitrate of 
potash, but if I had done so I should have left very little for the 
next comer. 

Mr W. Cullen-It is a fact that the only deposit of nitrate of 
soda in the world, of any commercial value at all, is that in Chili. 
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Nitrate of Potash in South A/rica 75 

It is also a fact that this same deposit is made use of by every 
simil;:tr factory to the Modderfontein factory. There is absolutely 
no difference. There is, perhaps, some nitrate of potash used here 
and there, but it would not amount to more than a half per cent. of 
the total used. With reference to nitrate of potash being found in 
South Africa, I do not think very much is known for certain as yet. 
I have had samples, but I think their origin might be traced to the 
presence of some oxen in the neighbourhood for a period of several 
years before, and the well-known results that follow from the 
presence of oxen. All the same, I may say that the discovery of 
nitrates of any kind at all in sufficient quantities in South Africa 
would be a most important thing from many points of view, quite 
apart from dynamite. Nitrate of soda is a very good stimulant for 
plants and agricultural produce of all kinds, and is the basis of 
a great many important manures. 

The President-I quite agree with Mr Cullen. Whilst working 
in Swansea for eight years, I used nitrate of potash and nitrate of 
soda, practically the whole of which came from Chili. With regard 
to South African nitrates, I saw one batch of samples at one time 
when working here. I think the average was about 1 per cent. of 
mixed nitrates. It was, however, purely a surface deposit. 
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VII 

THE THERMO-HYPERPHORIC PROCESS 

By A. T. FIRTH 

(Read at September Meeting, 1902) 

THE following is an acconnt of thc Thermo-Hyperphoric Process, 
for the treatment of heavy complex sulphide ores containing large 
quantities of galena and zinc blcnde, iron and copper sulphides, and 
more or less gold, antimony, and manganese oxidc, with traces of 
tellurium and free sulphur. 

This ore can neither be treated by cyanide, chlorination, or by 
direct concentration after an oxidising roast. In the latter method 
only 22'7 per cent. of the gold was saved. 

The above ore, which was from the Tui Mine, near Aroha, N.Z., 
was dealt with by the thermo-hyperphoric process, with highly 
satisfactory results, during 1900. 

The process is as follows: The ore was first passed through a 
rock-breaker, and elevated to the top of the roasting and reducing 
furnace, which was entirely heated by crude coal gas. . 

The dimensions of the furnace were 25 feet long by 12 by 12 feet, 
containing four rows of four mufHes, cach 13 feet long, the ore first 
entering through the top of each of t,he first row of muffles, when 
it was raked back until the floors were covered evcnly -to a depth of 
about 4 inches. 

The reducing gas (water gas), which consists of a mixture of 
carbonic oxide and hydrogen, was then introduced through the 
back of cach muffle, and passed ovcr and through thc red-hot ore. 
After one hour's treatment in the first muffle it was raked back, 
and fell through an opening into the next muffle beneath, and again 
evenly spread, undergoing a similar process as in the first. This 
was continued. down to the fourt.h muffle, the ore rcmaining one 
hour in each, or in all undergoing four hours' reducing roast; it was 
then raked out and fed into thc mill while red hot and wct crushed, 
the sudden chilling of the ore incrcasing the reducing cfficiency of 
the milL 
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Composition of Concentrates 77 

The ore was crushed to 40 mesh and passed over frue-vanners, 
the resulting concentrates representing 20 per cent. of the total 
weight of thc orc, and contained 1'85 07,S. gold, and 17'24 ozs. 
silver per ton, alld about 54 per cent. of lcad, thc remainder being 
made up of iron, silica, and copper, with traces of zinc and 
antimony. 

The ore before treatment averaged '425 oz. gold per ton, thus 
showing a saving of 87 '06 per cent. of the gold value. 

The concentrates were then fluxed and smelted, and the resulting 
lead bullion bought by the Australian Smclting Company, and the 
various metals extracted and refined. 

On account of the decreasing value of the ore, this plant was 
closed down during the latter end of 1900. The total cost of treat
ment did not exceed 19s. per ton. 

DISCUSSION 

Mr A. F. Crossc-Mr Firth came to see mc a few weeks ago at 
the Standard Bank, and he had evidently had rather a different 
experiencc in treating thesc ores to what most of us havc had. 

DISCUSSION AT NOVEMBER MEETING, 1902 

Mr C. Dixon-I was a very interested listencr when Mr Firth's 
papcr on this process was read. 

Whcn in N cw Zcaland I made several visits to the plant referred 
to-from 1898 to 1900-and am well acquainted with the mines in 
that and surrounding districts. 

I am sorry I cannot endorse Mr Firth's remarks to the effect that 
the" Thcrmo-Hyperphoric Process" was "highly satisfactory" in 
its results, and that "it was owing to the decrcasing value of the 
ore from the Tui Mine that the plant was closcd down." 

The process was introduced to New Zealand carly in 1898 by the 
Rcv. Joseph Campbcll, and I attendcd a lccturc givcn by him whcn 
hc gave thc following dcscription of his process :-

After first describing the cyanide, chlorination, and other well" 
known processes, the lccturer said: In thc casc of all these 
processes, one class of ore required one process, and another class 
required another; but he would venture to assert that all ores, 
even the most refractory, could be reduced by the thermo-hyper
phoric process, which might be briefly described as the winning of 
gold by means of water gas, obtained by po,ssing superheated steam over 
incandescent coal or coke. The result was a mixture of hydrogen gas 
and carbonic oxide gas, in which mixture the gases were equal in 
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Production of Water Gas 

molecular volume, though not in weight, the molecular weight of 
the carbonic oxide being twenty-eight times that of the hydrogen. 
Water gas was obtained by passing superheated steam over incan
descent coal or coke in an iron pipe heated by passing through a 
furnace. The resultant reaction was that carbon from the coke 
united with the oxygen of the steam, and hydrogen gas and 
carbonic oxide gas were produced. The lecturer illustrated this 
reaction by producing on the screen the following ;-

CHEMICAL EQUATION FOR WATER GAS 

Hp 
~ 
Two atoms of 
hydrogen and 
one atom of 
oxygen, or one 
molecule of 
water, or one 
molecular vol
ume of steam. 

+ C 
,..-A-... 
One atom or 
one molecule 
of carbon. 

H.) 
~ 
Two atoms br 
one molecular 
volume of hy
drogen. 

+ CO 
~. 

One atom of 
carbon and one 
atom of oxy
gen, or one 
molecular vol
ume of car
bonic oxide. 

water gas. 

Before passing into the furnace containing the refractory ore, the 
water gas was purified by being passed through a yessel containing 
water, and was then dried by being passed through another vessel 
containing sulphuric acid. 

He did not claim to have discovered the process unaided. He 
had had the assistance of Mr Lockwood, formerly of ,Vaihi, and 
now of Paeroa, who had used superheated steam for extracting 
refractory gold. His (the lecturer's) discovery was that superheated 
steam alone was not sufficient, but that the steam had to be de
composed, and that this wonderful mixture of hydrogen and 
carbonic oxide, called" water gas," was the proper reagent. He 
did not even claim to be the discoverer of water gas. Long ago, 
in 1880, one 'Wilkinson had tried to reduce gold ore by means of 
water gas. But 'Wilkinson made the mistake of allowing his water 
gas to combine with the air, and he also heated his furnace so that 
he evaporated into space the gold, which volatilises at 5075° F. 

He had no secrets to withhold, so he would frankly tell them 
that the ore had to be broken the size of peas, and introduced into 
the furnace when its temperature was at 1500° F. Then the 
water gas was turned on, and carried away all the base material. 
The arsenic sublimed, and then deposited in crystals; while 
antimony, bismuth, zinc, sulphur, etc., went off in vapour. 
,Arsenical pyrites (arsenite) and copper pyrites (cuprite) liberated 
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Treatment of Refractory Gold Ores 79 

their arsenic and copper, and, retaining the iron and sulphur, 
became iron pyrites or mundic. But water gas alone would not do 
the business. It required the assistance of oxide of iron, which 
produced gold; metallic iron, which is perfectly harmless to the gold; 
and oxygen, which united with the carbonic oxide and hydrogen to 
form carbonic acid and water, which escaped into the air. The 
main point was to have a sufficient quantity of carbonic oxide to 
act with the hydrogen. 

He had with his process successfully treated almost all the most 
refractory ores in the Hauraki Peninsula, and he had never got 
less than an ounce and three-quarters to the ton, and this meant 
extracting 95 per cent. of the gold from the ore, and from extremely 
refractory ores he had even thus extracted as much as 97 per cent. 

There were two modes of using the process-the continuous and 
the intermittent, of which he preferred the former, as, by means of 
it, after' a few hours of passing in of the gas, the gold had a 
perfectly sweet dross. 

While in London recently, he had explained his process, and 
many scientific men there had looked into the matter, and the 
general opinion among them was that this process must stand in 
the front rank in saving refractory gold. There was not the slightest 
chance of its failing. 

The lecturer now showed a view of his automatic furnace, of 
which, owing to intense heat, it was difficult to prevent the iron 
buckling. His process had gained the gold medal at the Earl's 
Court Exhibition. A similar furnace was among the works being 
constructed at 'Vaiorongomai, which works would be completed in 
a few weeks, and in them the continuous process would be adopted. 
The plant being installed at '~Vaiorongomai would be capable of 
reducing 40 tons of ore a day. 'Vhen the complete plant, expected 
shortly, arrived, the 'Vaiorongomai works would be able to do 
100 tons a day. A view was also shown of the electro-silver-plated 
amalgam plates at 'Vaiorongomai. 

In conclusion, the lecturer said that, in perfecting his process, his 
great desire had been to assist the mining industry'of New Zealand 
and not to boast of his own achievements, his motto being-

"To deliver mining from the degradation of a mere gamble, or 
at least of a risky speculation, and lift it to a sound commercial 
basis." 

In spite of the sanguine anticipations of the inventor, and not
withstanding what Mr Firth has said in his paper, I do not hesitate 
to state here that the thermo-hyperphoric process was a huge 
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80 Thermo-hyperphoric P1~ocess a Failure 

disappointment and complete failure from start to finish, although 
working capital was provided on a liberal scale to put up the plant 
and give the inventor, for a period extending over two years, every 
facility to perfect and prove the success of his invention on a fairly 
large working scale. 

Mr Firth has stated that the plant was shut down owing to the 
decreasing value of the ore in the "Tui Mine," but as this reduc
tion plant was established-not only to treat the ore from the 
Tui Mine- but as a "Customs 'Vorks," and is conveniently 
situated as such within a very short distance of the railway lines 
connecting it with other mines in the Te Arohaand surrounding 
districts which contain proved reefs of rich complex sulphide ores 
in abundance, it is obvious that the plant was not shut down for 
the want of ore. 

Suffice it to say that had the thermo-hyperphoric process been 
a success, or if any suitabl~ process could be introduced to extract 
the precious metals from tliese complex sulphide ores at a reasonable 
cost, several mines /,w"shut down and abandoned would be worked 
with good profits-"" 

Mr Firth gives a figure of 19s. as the maximum total cost of 
treatment, and the Rev. Joseph Campbcll claimed to get an extrac
tion of never less than 95 per cent., but as reliable figures and 
details of working costs have nevcr been given to the public sub
stantiating these allcged cxcellent results, I do not think we are 
justified in accepting the statements in the face of the stern fact 
that there is an enormous quantity of ore still available which
at a cost not exceeding 19s. a ton (which Mr Firth gives as the 
maximum)-would yield handsome profits for years to come. 

But the thermo-hyperphoric process was a failure. The expen
sive plant from which so much was promised and expected is shut 
down and forsaken, and can now be purchased at the price of old 
bricks and scrap iron, and the reverend inventor-a hard working, 
enthusiastic, and highly qualified Academician-has returned to 
ecclesiastical duties. 
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VIII 

NOTES ON VALUING A GOLD MINE 

By T. LANE CAliTER, M.AIII.I.M.E. (MEMBER) 

(Read at September Meeting, 1902) 

IN most parts of the world the accurate valuation of a gold mine 
is one of thc most will 0' the wisp of undertakings, and even on 
these fields, where the regularity of the ore values is proverbial, the 
task is no easy matter, and requires skill, care, and judgment. 
vYith your consent we will leave the intricate problems of the 
cyanide works, and consider for a short time some of the principal 
points in valuing a gold mine. I have purposely placed" Notes" at 
the head of the paper, for the subject can only be touched upon in 
so brief a space as is at my disposal. 

The first thing the architect of a modern "sky scraper" makes 
sure of is the building's foundations. The first thing the valuer of 
a mine should make "sure of is the accuracy of his foundations, 
namely, the sampling. 

Probably you have seen a building condemned on account of the 
foundations, and no doubt you have seen the equally pathetic sight 
of a mine whose valuation was practically useless on account" of the 
uureliable sampling. 

Time was, on these fields, when an applicant, who professed 
ignorance on mining matters, was informed that he was the very 
man wanted as a sampler, but we begin to realise now, 1 think, that 
the sampler's position is one of the important posts of the mine, for 
on his work rests the valuation of the mine. So important is 
sampling considered now, that the present tendency seems to be to 
employ as many as three samplers on the big properties, giving the 
head sampler entire charge of the department. 

What are the rcquisites of a good sampler '1 Three, I think, 
namely, skill, honesty, and scepticism, and we will consider his 
work under these three headings. 

Sampling does not consist in going down the mine, filling twenty 
or thirty bags with reef, and coming up again, as some seem to 
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Sampling a Gold Reef 

think. Nor does it eonsist in getting samples that will delight the 
hearts of the manager and shareholders. ';Vhat is desired is to 
obtain an exaet idea of the gold, and possibly silver, oecurring in 
the ore of the mine. The general way is to piek off pieees of roek 
here and there with a prospecting pick, until a sackful is obtained. 
In sampling a big body of reef, such as the main reef in an unparted. 
body, it is divided into top, middle, and bottom seetions, three or 
more separate samples being taken. In the south reef, if a number 
of stringers, divided by sevCl:al inehes of quartzite, oeeur, each is 
sampled separately. 

What I am going to say might bring down a storm ofcritieism, 
but I must say that I do not admire this method of sampling. In 
the first place, oeeause a man gets a saek of reef from any spot it 
does not neeessarily follow that the sample is a correet one. 'Yhat 
should be aimed at is a qualitative, rather than a quantitative 
result. 

Then, too, with the sample pick the tendency is to knoek off, 
here and there, pieces whieh were loosened by the blasting. The. 
gold sqmetimes oeeurs in greatest quantity near the top part of the 
reef, or it may be thiekest in the middle, or near the foot wall 
seetion. 'Vherever it be, I need hardly point out that a very small 
exeess of roek from the rieh zone will eause the assay to show up 
too high. 

What should be aimed at is to get a uniform volume of the ore, 
square aeross the faee. Suppose you have a reef 12 inehes wide, 
then the ideal sample would be a volume of ore taken out, 
say, ~ ineh wide, i- ineh deep, and 12 inehes aeross. This ideal 
sample ean be closely approximated if a eutting tool, sueh as a 
ehisel, is used to eut a groove aeross the reef, and the material 
eaught in a pan or pieee of eanvas. I feel sure that the small 
quantity of ore broken from the faee in this way is a closer sample 
of the ore than a saekful that is pieked off haphazard. 

I do not claim originality for the ehisel idea of sampling, as 
I firmly believe many of you tried it twenty years ago. I only 
bring it before you for diseussion beeause I know that on many 
mines of the Rand the idea prevails that a saekful of ore knoeked 
off with a piek is as good a way as possible for sampling a faee. 

The objeetion may be raised to this method o.f sampling that if it 
is required to pan the samples, the poor sampler would be compelled 
to ehisel out many grooves over the faee before he eolleeted a pound 
or two of ore, suffieient for an assay and for panning. My answer 
to the objeetion is this: Have two sets of sampling bags, one small , 
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OC(;urrence of Gold in ihe Reefs 83 
fLnd the other of ordinary size. The sample taken with the chisel 
:vould be for assaying, and should be placed in the small sack. In 
order to collect enough for panning, the large bag could be filled 
with ore, as is done at present, for panning is a, rough test at the 
best of times, and does not require the same refin'ement in sampling 

as assaying. 
The next virtue of a sampler we put down as honesty. It is not 

very pleasant to be abused, because a leader, or a big body of reef 
on which so much depends, suddenly shows up very poorly, and it is 
said that the samples must either be wrong or mixed. If you know 
you are right, stick to your guns, and remember it is not the 
sampler's place to bring up showy samples. There is considerable 
temptation at times to do scamp work, for hammering away at' 
rocks with hammer and chisel is not easy work. A realisation of 
the importance of the operation will tend to make the sampler do 
it conscientiously. 

Scepticism is the third quality, a good sampler should possess, 
and its importance cannot be exaggerated. He is told that the 
most valuable portion of the main reef is at the top, while the small 
leader under the south reef is the place where most gold is generally 
found. This information should be accepted with a good deal 
of doubt, for on some sections of the Rand a careful examination 
will show that the gold does not always occur in greatest quantities 
in the parts mentioned. In some mines it is necessary to be as 
vigilant in looking for gold in the middle and lower sections of the 
main reef as in the hanging wall section. Probably you have 
noticed the erratic occurrence of gold in the main reef series in some 
districts of the Rand, even in the same mine. Let us take the 
Crown Deep as an illustration. In the first level where the main 
reef was encountered there was a well-defined leader 8 inches to 12 
inches thick, separated by a quartzite parting of 8 inches to 10 
inches. The leader itself was very rich, while the main body of 
ore carried from 4 to 5 dwts. gold. On the next level an 
entirely different state of affairs exists. There is no parting in the 
reef, and the top section, as a rule, is poor; the middle section is 
better, while frequently in the foot, where one would least expect 
to find it, there is a high gold value. Further down the mine the 
leader, which is small, is separated by as much as 3 or 4 feet of 
waste rock from the main reef itself. 

The south reef of the Crown Deep also requires vigilant watch
ing. The usual definition of the series, that it consists of a big 
body of reef with a rich leader a foot or so underneath, was taken 
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~4 Sceptz'cism and Prospecting . 

as infallible. In one section of the mine there is a reef of fair 
value, with a richer leader near by, a perfectly normal occurrence. 
Judging from definitions, no one had a right to suppose that there 
was any more auriferous rock neal' by. A big amount of scepticism 
and hard work on the part of someone showed that from 3 to 
4 feet under the foot of the stope there was a small rich leader, , 
showing visible gold, a find of considerable importance to the Crown 
Deep. Your attention was called to this strike by Mr Rouliot in 
his speech at the annual meeting of the Rand Mines, Limited, and 
to somc of you it may seem a good deal like ancient history, but I 
have mentioned it again to bring out the importance of a vigilant 
scept.icism in sampling the rcefs. 

This fortunate strike caused a wave of scepticism to spread over 
the neighbourhood, and adjacent mines commenced hunting for 
leaders, meeting with great success in some cases. 

It is evident from the above-mcntioned facts that the sampler 
should do more prospecting work than is customary. I mentioned 
the fact of rich portions of the main reef being found in the lower 
part of the body of reef. Do we not, in valuing our mines, take too 
much for granted ~ It is held that the valuable part of the main 
reef is in the hanging wall, and that the lower section is of little 
valuc. Samples of it are only taken over the full width in the cross 
cuts, and it is assumed that these figures give the true valuc of the 
main reef over thc whole inine. I am of opinion that it would pay 
to investigate frequently the valuc of the ore being left in the mine, 
by penetrating the footwall at intervals, to make sure that nothing 
payable was overlooked. 

This can be done in two ways. Machinc holes can be drilled and 
then blasteu. The objections to this method are that the footwall 
of the stope is much broken up, and it is expensive. 

The second method is much more preferable. It is to use a small 
prospecting drill and drill holes right through the formation. The 
assays of the cores from these holes would give a definite value to 
the ore underncath, and might prove very valuable in years to 
come, when we hope that the working costs will be so reduced that 
reef of lower grade can bc mined than it is possible to get out at 
present. These prospecting drills can bc readily worked by the 
compressed air scnt into the mine. 

Panning has gone out of vogue considel'ably on the Rand, and 
seems to be looked upon as superfluous for all samples that are to 
he assay cd. Although panning is a rough process, it should be a 
help to thc assayer in two ways. First, it is a check OIl the 
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Records of Sampling 85 

assay values, and second, it tells if the sample contains such 
an excess of pyrites as to require treating for the sulphur before 
assaying. 

I have brieAy stated the underground work of the sampler, and 
will now say a few words regarding the records that are kept in the 
office. The specimen page herc shown is from a Orown Deep Stope 
Book, and may be of interest and prove suggestive. This book was 
got out by Mr O. J. Price, Manager of the Orown Deep, when he 
was in charge of the Geldenhuis Deep, and for the peculiarities of 
these mines is very serviceable. Under the column marked" Diag." 
you will notice we have a rough diagram of the face of the stope 
from which the sample was taken. Glancing at this diagram the 
manager is able to tell if the stope can be profitably widened, or if 
it is better to narrow the stoping width. For instance, suppose that 
he calculates that any ore over 5i dwts. value is good enough to 
take out of the mine, and the bottom section 0 shows a value of 
9 dwts., then this main reef stope can be made wider. 

On the other hand, suppose the section 0 is consistently below 
the paying-point for many days; then it will pay better to leave 
this poor zone alone, and break waste rock in the hanging, if need 
be, for the waste rock can be sorted out while it is impossible to 
distinguish the poor reef from .. that of higher value, as the rock 
passes over the sorting table. 

The other columns of this specimen sheet require no explanation, 
with the possible exception. of the column marked" Oars," which I 
will mention under tonnage. 

Fig. A gives an idea of a scheme for keeping a record of sampling 
from development work, drives, winzes and raises, that seems 
destined to become very popular on the Rand. These sheets are 
folded into books, and can be spread out the entire length so as to 
give a view of the workings represented. What the diagram 
column I have mentioned is to the stopes, this pictorial represen
tation is to the drIves, winzes, and raises. . 

The value of a strata frequently depends on its proximity to 
another that is being mined. For instance-,-lt will p~y to stope 
8-dwt. stuff, separated by a few inches from a leader that is being 
taken out, whereas a parting of 40 feet to 5 feet would make all the 
difference in the world. The system of showing the parting makes 
it possible to allow for the waste rock, and by means of this pictorial 
scheme the stoping widths can be calculated. 

Taking the south reef as displayed by the diagram, an important 
point is at once noticed, which I will try to adequately emphasise. 
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FIFTH LEVEL, WEST (NORTH OF DYKE) MAIN REEF, NO. 1 STOPE--FIG. A 

Inch. Assay. Av. A'y, Value. Date, Cars. Shovel Boy •. Machines. 

Monthly Returns. 
Date. DiRg. Waste. Reef. Total. Detail. of Dwts. Ozs. Dt~. Grs. Oz •. Dts. Grs. D'y. N·t. T'al. D'y. N't. T'nl. D'y. N't. T'.I. Sample. 

--- ------ ------ ----- --~ -- -- -- -- ---------------------
Aug.11 111111111 West Face- Aug. 11 50 29 79 16 16 32 1 - 1 Monthly Stope 

111111111 10 ft. up. V.luel4 dwtg. 

Widths-

~ooo g 00 °0 
18" 2,700 7 10 0 Reef 51". 

Waste 21" 
0 0 

0 0 00 

000 22" 1,342 3 1 0 
000 0 

800 0 0 0 0 
0 o 0 

IINilll1 6" 
Stope Width 72". 

00
0 

0 00 21" 462 1 2 0 Tons Mined 596. C o 0 0 o 0 0 
000 ---------- ---

15" 61" 76" 4,504 2 19 Yield 430 ozs. 
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Calculatx"on of Gold Content of Reef 87 

Let us assume that we have a block of ground on the south reef 
300 feet long by 120 feet on the dip of the reef. It is desir~cl to 
form an estimate of the number of tons, and the value per ton, of 
this block. 

The assay plan is spread out and the assays taken, as they are 
marked, all around the perimeter of the block. On the assay plans 
of many mines the assay value of the stringers of the south reef 
and the. width in inches are bracketed, thus :-

[15 inches at 19 dwts. 
, 4 inches at 75 " 

All these values are taken down and the average found. 
Suppose the result comes out thus :-

20 ~nchhes at 10
0 

dwts'}which we call 26 inches at 28 dwts. 
6 mc es at 9 " 

The question now arises about the stoping width for this block 
of ground. Frequently the stoping width is put down at so much, 
before any stopes are opened up. For the south reef series 
42 inches is a common figure, which we will take. Since we have 

26 inches at 28 dwts., then for 42 inches we have 
42 inches at 17'3 " 

To find the number of tons of ore in the block-

300 x 120 x 3'5 = 9692 t 
13 ons. 

9692 tons x 17'3 dwts. = 167,671 dwts., the gold contents of the 
block. 

"\Ve will assume that 35 per cent. of the ore will be broken as 
unsortable "fines," and that 20 per cent. will be sorted out. 

The block can then be valued as follows :-

Dwts. Dwts. 
(1) 3,392 tons "fines" at 17'3 = 58,685 
(2) 1,938 " of waste rock at 1'5 = 2,907 
(3) 4,362 " of sorted rock at 24'2 = 106,079 

9,692 " 167,671 

By combining (1) and (3) we can reckon that from this block of 
ground there will be sent to the mill 7754 tons at 21'2 dwts. 

Now let us view this problem with the diagram of the whole 
perimeter of the block before our eyes. The actual stoping width 
is calculated every 10 feet, and the average comes out at 60 inches 
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Methods of Monthly Values 

instead of 42 inches. For 60 inches the stoping value works out 
at 12'1 dwts., and the number of tons at 13,846. Assuming again 
that 35 per cent. of the rock will be in "fines," and 20 per cent. 
will be sorted out, we have the following results:-

13,846 tons x 12'1 dwts. = 167,671 dwts. (mode same as in previous 
case), the total gold contents of the block. 

Dwts. Dwts. 
(1) 4,846 tons "fines" at 12'1= 58,636 
(2) 2,769 

" 
of waste rock at 1'5= 4,153 

(3) 6,231 
" 

of sorted ore at 16'8 = 104,882 

13,846 
" 

167,671 

Oombining (1) and (3) we reckon that from the block of ore there 
will go to the mill 

11,077 tons at 14·7 dwts. per ton. 

You will notice that the tonnage comes out higher and the value 
per ton lower by the second method. A conservative man would 
scarcely report the last figure, 11,077 tons at 14'7 dwts. Somc I 
know of would take 70 per cent. off this assay value as the value 
per ton, and report the block as worth, delivered to the mill, 
11,077 tons at 10'29 dwts. 

An inquiry will show you that on some mines the valuation of 
the mine before milling commenced showed too Iowa tonnage, and 
frequently too high a value, especially for thc south reef. 

I think you will agree with me that it is better to try to find out 
from actual ohservations what the stoping width of a mine will 
probably be, rather than sit in an office and decide that the stopes 
are to be so many inches wide. The scheme I have shown will 
answer admirably, I am sure, for this purpose. 

Methods of working out monthly values of what the mill and 
cyanide works should return vary on different mines. The tons 
mined are found first of all. U sing scales and weighing every 
piece of rock that comes from the mine is the hest method, but this 
is seldom done on the Rand. 

On the Orown Deep the method pursued is to work back from 
the cyanide works tonnage. Thc capacity of the cyanide tanks was 
determined empirically. Measuring boards are placed in them, and 
a daily report of the tons canght is given to the manager. To this 
is added ore sorted out and slimes caught. One per cent. of the 
mill tonnage is allowed for'slimes not caught. This sum is taken 
as the tons mined. 
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Average Stope Value 

Under the heading" Oars" in Fig. A is placed the daily returns 
from each stope in the mine. At the end of the month the total 
number of cars trammed, and the number of tons mined, are known. 
Then the number of cars is divided by the tons mined, to find how 
many cars it takes to make a ton. Thus 11,500 tons of ore 
were hauled from the mine, and 21,850 trucks of ore were 
trammed. Therefore 1'9 is the factor used in apportioning the 
number of tons from each stope. 

The assay value of each stope for the month is worked out by 
the sampler. Oombining the stope values and the tons, we arrive 
at the gold contents per ton of the ore hoisted. If all work has 
been properly done, and if correction is made for tons sorted out, 
this value per ton should agree with the average assay value of the 
screen sample. Sometimes the values come out very closely, and 
sometimes there is a considerable difference, the mine value showing 
higher than the mill value, and vice veTsa. 

A specimen page (see Fig. B) gives an idea of a method for 
keeping the books, in which the value of the ore, according to 
tonnage from each stope, is worked out. In finding average for 
each level "Tons Trammed" and "Average Stope Value" are 
multiplied together. The product "Ton D,vts." divided by 
" Tons" gives the value per ton. 

FIG B 

I 

Tons Level. Reef. Drive. Stope. l'rnmmcl1. 

-- ---
I 

3rd L. South East No.1 620 
I ;) 306 

" " " " 
" " 

: " (SofD) " 
2 362 

" " ; " " 
4 332 

Total 3rd Level 1620 

Total South Reef 

" 
Main Reef. 
Main and South Reefs 

Aver. Aver. Aver. 
Width Value Stope 
Reef. Dwt,. Width. 
------

24 23'9 70ins. 
9 54'2 44. " 

12 14'6 4.4 
" 9 35'9 38 " 

--
I 

13'5 32'1 49 ins. 

5793 tons at 8'97 dwts. 

4128 " at 8'8 " 
9921 " at 8'99 " 

Aver. Stope 
Value. 

8'2 dwts. 
11'1 

" 4'0 
" 8'5 
" 

7'8 dwts. 

'Among the principal reasons for the difference between the assay 
of the stope mine samples and the screen samples, the following 
might be mentioned :-

First, the stopes were not sampled frequently or carefully enough; 
I Simple average only. 
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90 Stope Samples and Screen Samples Assay 

the assaying, due to allowing for silver instead of parting, or some 
other cause, may be responsible for the difference. 

Another important reason, which possibly has occurred to all of 
you who have had this problem to deal with, I will mention. It is 
the allowance made for sorting. Of the ore hoisted, say 25 per 
cent. is sorted out. Now the amount sorted from the main reef 
part of the rock and the south reef is entirely different. Practically 
all of the waste from the south reef stopes, except the" fines," can 
be thrown out, if the sorting is carefully done, so in working out 
the final values of the south reef stopes it is necessary to remember 
that from 60 to 70 per cent. of the waste is thrown out, and that 
.the reef is accordingly brought up a great deal more in value than 
the unsortable main reef. 

I will mention only one more point in this connection. In a 
mine that is able to always keep a big reserve of broken ore in the 
stopes, the method I have mentioncd for calculating the ore values 
needs amending. Suppose, for instance, that at the end of the 
month the value of a stope is worked out from the samples taken 
during the month. Let us say 600 tons at 12 dwts. On account of 
the big reserve already in the stope, it may be two or three months 
before this 600 tons at 12 dwts. finds its way to the mill. For this 
reason it is advisable for the surveyor to keep an accurate account 
of the tons broken in each stope, and the tons trammed to the 
shaft. This will require measuring every stope face in the mine 
each month, but in those mines where most of the stoping is done 
on contract it will not be much extra work to find out the tons 
broken. 

Some may say that at the best the determination of ore broken is 
a rough one, but I maintain that if accurate stope plans are kept, and 
the planimeter used for getting the area worked out, the widths of 
the stopes taken by the sampler through the month, the specific 
gravity of the mine ore carefully determined, it is possible to find 
the tons broken to within a few per cent. of the actual amount. 

Besides, this record will prove useful to the manager, who 
frequently wants to know what ore reserves he has broken in the 
stopes. The present way of answering the question, by guessing 
at it, is certainly open to improvement. 

In regard to sorting I will make only one remark. A calculation 
should be made of the cost of handling the ore after leaving the 
sorting table. Suppose we determine that it pays to crush any
thing over 2·25 dwts., then a careful watch should be kept on the 
waste rock, which should never assay more than 2·25 dwts. 
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Ore Reserves of the Mine 9 1 

The things I have left unsaid in this paper would fill a good-sized 
book, but many of these subjects would require separate papers. 

Surface sampling I have passed over unnoticed, because you have 
already had it brought so well before your notice in a paper by 
Mr S. H. Pearce. 

Assaying, also, we have passed unnoticed, as this subject was 
dealt with in a paper by Mr W. Bettel. There is one point I will 
bring up however. I believe it is customary in assaying the mine 
samples to allow 10 or 13 per cent., as the case may be, for silver. 
This practice may be allowable in assaying samples of a mine 
already in operation, but I firmly believe that in a mine being 
developed the proper course is to part every mine sample. You 
have, no doubt, determined the silver in the Rand ores, and know 
how it varies. A series of determinations made some time ago 
showed a variation of from 9 to 19 per cent. 

The subject of assay plans I have left out entirely. Several 
problems in the mine itself present themselves, in trying to value 
it: such as underground sorting, where the largest pieces of waste 
are put into pack walls; the question of the most economical 
dynamite to employ, whether gelatine, which will break more 
rock, but produce more unsortable fines, than the weaker 
explosives. 

An important matter is the question of ore reserves of the 
mine, but you might say that this Society is not the place to 
discuss it. However, it is well to remember that as the store
keeper takes stock and gets out a balance, so should the reserves 
of the mine be treated. In a paper read before the American 
Institute of Mining Engineers, Mr John Hays Hammond said that 
the Rand practice of keeping maps, ore reserves, etc., compares 
favourably with any part of the world, and it should be our desire 
to always be worthy of such praise. 

FIG. C 

Fifth Level. Tota.ls-South Reef. 

Month. 
Tons Tons Diffm'cnce Total in Ton~ Tons Difference Toto.! in 

Developed Mined + Reserve Developed llined + Reserve 
during during or at end of durinK during or at end of 
Month. Month. - Month. Month. Month. - Month. 

-- ------------ -----------

July 1,994 759 + 1,235 74,713 1,994 5,793 - 3,799 404,294 
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92 Tonnage and Profit 

As an illustration of a method of keeping a convenient record of 
ore reserves, according to levels, Fig. C is given. In this scheme 
every level is kept separate, so that at any time you can tell the 
number of tons of ore developed on each level. At the end of the 
year a careful survey is made, and the totals "balanced off." 

There has been some discussion concerning the work that will be 
done in the low grade main reef in years to come, when expenses 
are greatly reduced. It is well, therefore, to remember that the 
future value of a gold mine might depend somewhat on the manner 
mining is carried on to-day, and consequently sufficient pillars should 
be left to keep the roof secure. 

It is the fashion on the Rand to strive for a high value per ton 
crushed. The basis of all calculation, it seems tome, should be 
profit. There are times when more profit can be made by crushing 
a greater tonnage of 8-dwt. rock than by putting through less tons 
of lO-dwt. rock. Of course the 8-dwt. proportion should be chosen 
in such a case. 

I conclude this paper with some apprehension, for I expect to 
hear it said that some of the remarks I have made are neither 
chemical nor metallurgical. The subject is one of considerable 
importance to the industry, and can be as appropriately discussed 
in this Society as in any other. I close these brief "Notes on 
Valuing a Gold Mine" with the hope that what I have said before 
you to-night will be the cause of much helpful debate, even though 
the discussion, as on a former occasion, waxes "red hot." 

DISCUSSION 

The President-I may say I am in entire sympathy with Mr 
Carter. At one time I was a very hard-worked assayer on the 
Witwatersrand. More than that, I was held responsible for the 
output of the mill. I had to do the assays in the ordinary way. I 
found it an easy thing to check another as sayer, but not a sampler, 
and therefore I usually took all my own samples. One month, 
however, I was laid up with an attack of quinsy, and the under
ground manager took the samples for me. His average was over 
45 ozs. to the ton. The mine was then producing 25 dwts. to 
the ton. 

Mr D. J. Williams-This Society has always been called a cyanide 
society, and I am glad to see other subjects brought forward. I am 
an assayer myself, and it is a curious thing that I was preparing a 
paper on a similar subject to that read by Mr Carter. He has, 
however, got ahead of me. Regarding Mr Carter's reference. to 
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Tonnage and Profit 93 

leaders, and so on, sometimes we find a big pebble at the bottom 
of the main reef which carries all thc gold. It may be 5 or 6 feet 
in width, but it is included, because at the bottom it is lost sight 
of. Prob~bly we shall hear more of the matter at a future 
meeting. 

DISCUSSION AT NOVEl'IBER l'IEETING, 1902 

Mr D. J. Williams-I would like to ask Mr Carter if he would 
furnish us with an illustmtion of "when more profit can be made 
by crushing a greater tonnage of 8-dwt. rock than by putting through 
less tons of 10-dwt. rock." 

Mr T. L. Carter-Mr President, I think wc are getting into a 
bad habit. Formerly anyone who read a paper would wait until 
the discussion was over before rcplying. At the last few meetings 
I see members have tried to reply at once. I hope to answer 
Mr Williams at a later date. Speaking on the spur of the moment 
-take a case where you sample, for instance, rock that is thrown out 
ill order to make 10 dwts.-the rock you actually throw out on the 
waste heap. Supposing, as I say in my paper, you work out any
thing over 2 dwts. In order to bring your rock up to 11 dwts. 
your waste rock might possibly go to 2~ dwts. It would pay to 
take that 2~ dwts. to the mill rather than throw it out. 

Mr D. J. \~Villiams-But there is a limit to sorting. 
Mr T. L. Carter-How are you going to get at that limit 7 It is 

very difficult to get at thc exact value of rock sorted out. \Vhat I 
meant by that statement was that if you can make anything of thc 
rock sorted out, it does not pay to sort. 

Mr D. J. Williams-Exactly. 
Mr T. L. Carter-That is the case I mean. It would pay to run 

everything through at 8 dwts. instead of taking it 011 to 11 dwts. 
Take the Langlaagt~. Estate for instance. They disregard the value 
of a ton entirely, and go by profits. That is an exact illustration 
of it. I will endeavour to make my meaning clearer in my reply. 

Mr J. Yates-I find so much of interest in Mr Carter's paper on 
mine valuation, and the subject is such a broad and important 'one, 
that it is a matter of regret with me that I have not been able to 
give the paper the attention it deserves. My somewhat hurried 
perusal of the communication does not enable me to do more than 
make a few comments on the opinions, etc., expressed, but I may 
say that, to a large extent, I find that my own views are in unison 
with them. 

I am entirely in accord with Mr Carter regarding the value of 
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94 SamjJZz"ng and Extractz"on 

accurate mine sampling. Thc value of the mine is the basis of all 
our opcrations and estimations, and, if that is inaccurate, it affects 
everything; but, notwithstanding the vital importance of the mine 
valuation, it is really astonishing how little weight has, until recently, 
been attached to it. However, there are now very few mining 
engineers who have not fully grasped the fact that the one all
important point for them to be conversant with regarding their 
properties is the value of the mine and its variation from month to 
month, as ascertained by systematic sampling. Even granting that 
our best methods of mine valuation are sometimcs 20 per cent. 
out of truth occasionally, the figures yielded are, nevertheless, of 
the greatest utility. Upon percentage of extraction we can estimate 
with a fair degree of certainty, but it is absolutely impossible to 
forecast, within anything like utilitarian limits, what the value of a 
prospective level will be, or, in fact, any undcveloped reef; hence, 
as the ore developed every month may be rich or poor, to any 
degree, systematic sampling is needed if we are to have a know
ledge of its value. 

In speaking of our aim, has not Mr Carter inadvertently trans
posed the words "qualitative" and" quantitative." Weare searching 
for quantitative results, not qualitative. I think, also, that he credits 
the sampling pick with a far wider use than it actually has. As an 
auxiliary to the hammer and moil it often proves very serviceable 
to the mine sampler, but the moil and hammer are the tools needed 
if the sampler is to get through his work satisfactorily. The 
sampling pick is, however, a very convenient and useful implement 
for the mine manager and mine foreman. 

There is great diversity of opinion on the best weight of sample 
to knock off the reef. Mr Carter, I note, looks upon a strip half 
inch wide by quarter inch deep, and the width of the reef, as an ideal 
one. I do not agree with him on this point. I consider such a 
sample-which would weigh '14 lb.-dangerously small, and think 
that weights of from 3 to 7 Ibs. are far better calculated to give 
accurate results. I oppose such a small sample as '14 lb., not 
.because it might not be representative of the reef value at that 
point, but because of the very serious risks that such a sample 
would run of being rendered unrcliable by contamination in the. 
sample sacks and in the crushing machine. No matter how care
fully and conscientiously the sacks may be cleaned, and the 
crushing machine may be blown through or swept, the danger of 
contamination exists, and the best way is to minimise the danger 
by dealing with larger samples. Another good precaution is to 
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Pos£tion of the Sampler 95 

avoid, as far as possible, passing samples of greatly differing values 
consecutivel:v through the crushers. Thc idca of having separate 
sacks for pan samples does not strike me favourably-such a 
duplication of samples would, I fcel sure, lead to confusion, and 
give much labour and trouble. 

It is laid down in the paper at present bcing discussed that the 
mine sampler needs to be skilful, honest, and a sceptic: in other 
words, he should be an intclligent and reliablc man. Skill is called 
for in the correlating of the rcefs, and in the taking of measure
ments and correct sections. That our mine samplers go about their 
work honestly I take for granted, and surely no reasonable manager 
who believed that his sampler was reliable and conscientious would 
take exception to his work because he happened to bring up 'samples 
of unexpected value. 'With the opinion that the sampler should be 
a sceptic I most heartily concur: he should take nothing for granted, 
he should treat rich and poor reef alike, and ought to proceed as 
though his one aim in life was to discover the unexpected. The 
gold tenure of a reef frequently changes its location, leaders often 
bifurcate, and also, on the other hand, often merge into and lose 
themselves for a time in other adjoining ore bodies, and inexplicable 
local enrichments occur, so that for the intelligent mine sampler 
there is always something of interest to observe and investigate. 

I am pleased to see that Mr Carter takes the value of waste into 
consideration, because where the reef is small and is mined with 
much waste, the attribution of value to the waste makes quite a 
difference in the estimated milling value, more particularly when 
the grade of the ore is not high. 

Concerning the stoping width, I have' come to the conclusion that 
if it is fixed by actual measurement a liberal allowance should be 
added to the figure arrived at, for the reason that the ground 
actually taken out is, in most cases, greater than that reckoned 
upon. It is to this exceeding of the calculated stoping width that 
I attribute much of the apparent unreliability of mine sampling 
operations, though, as Mr Carter points out, the differences are also 
often traceable to the assaying department, to inefficient sampling, 
and to incorrect apportionment of the sorting. 

Mr J. A. Wilkes (contributed)-Mr Carter appears to me to 
be wrong when he contends that because a greater percentage of, 
waste is sorted from the south reef than from the main reef it 
will make the stope samples differ from the battery' samples. The 
stope samples and measurements say that a certain quantity of stuff 
containing orc and waste has been sent to the mill. It is known 
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Stoping' Width and Tonnage 

that, say, 25 per cent. of waste is sorted. It is obvious that whether 
thc waste comes from thc main reef or the south rccf the value of 
the remainder will be the same. 

In Fig. A why is not the average value of the ore without 
sandstone given? And why not give the percentage of sand
stone? 

In Fig. B we have (to use Mr Carter's own words) "the pathetic 
sight of a minc whosc valuation is practically useless on account 
of unreliable" calculations, for it is pathetic to see the average 
width of the stopes obtain cd by simply dividing the sum of the 
widths by the number of stopes, rcgardless of the amount of ore 
takcn from each. 

According to Mr Carter, if you stope 1500 tons from a stopc 
7 fcet wide and 20 tons from a stope 2'0 feet wide, yom average 
stoping width is 4'5 feet. This gives a totally wrong idea of the 
conditions under which the mine is worked, and places thc manage
ment under an unduly favomablc light for, in thc above case, 
practically all the ore would be takcn from a 7 -foot stope, therefore 
the costs should be low, but the report would show the average 
width to be 4'0 feet, which is a very diff'erent thing. 

Reports worked on this basis would indicate wrongly that the 
manager could work narrow stopes cheaper than other men could 
work wide ones, 

In Fig, B thc average value of thc stopes on the third level are 
actually worked out in the same way. 

According to Mr Carter, if you mix 1000 tons of I-oz. ore with, 
20 tons of 5-dwt. ore you will obtain 1020 tons of stuff; worth 
12'5 dwts. 

Perhaps Mr Carter only put in these figmes to produce-to use 
his own words again-the" storm of criticism," but I must say I do 
not admire this method of calculation, 

Weare told that what we should aim at in sampling is a quali
tative rather thau quantitative result, but I do not see that it can 
matter much how samples are taken when the results are worked 
out on Mr Carter's methods, for in any case the data would be 
wrong. 

A sampler, who was only skilful and honest, would soon be 
possessed of "the third quality" in an exaggerated degrcc when he 
saw the results of his skill and honesty underground, contorted and 
twisted by Mr Carter's methods of arriving at results. It is possible 
such methods were foisted on to au unsophisticated directorate by 
a certain class of manager "in the early days," but it is startling 
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Assay Value of Waste Rock 97 

to find a responsible official of a deep level mine advocating 
this kind of thing. 

REPLY TO DISCUSSION (DECElIIBER MEETING, 1902) 

Mr T. L. Carter-In replying to the discussion on my paper 
on "Mine Valuation," I shall begin by considering a point raised 
by Mr D. J. Williams, who asks for a concrete example of an 
abstract statement I made, namely, "there are times when more 
profit can be made by crushing a greater tonnage of 8 dwts. rock 
than by putting through less tons of 10 dwts. rock." 

Two cases come to mind. First, the case where main reef, from 
which a substantial profit could be made, is left in the footwall of 
the stopes, because it would make the value per ton crushed show 
up rather low. As you know, it does not cost much to widen the 
stopes while the main reef leader is being mined, and my con
tention is that this rock should be taken out at the time, even 
though the grade shows 2 dwts. lower, if more profit can be made 
by so doing. 

The other case is that of sorting. There is no question of the 
efficacy of sorting, under proper conditions, and if carefully carried 
ou.t. But when a number of stamps are hung up for the sake of 
bringing the grade up by sorting, a careful calculation, and perhaps 
an actual trial run, should be made to see if it pays better to sort 
out or to hang up stamps. It is said that under no possible con
dition does it pay to crush barren rock. Quite true. But is the 
rock barren? The assay of material sent from the sorting house to 
the waste dump gives such uncomfortably high results at times that 
the tendency is to draw a red mark through the figures with the 
observation that the sampling must be untrustworthy, as the waste 
rock should never assay more than 1 dwt. per ton. This contention 
regarding the sample is, in most cases, correct, for the way waste 
rock is sampled comes near being a farce. Raise an objection to 
the high value of the sample and the chances are that the next 
sample that comes up from the sorting plant will show only a few 
grains per ton. In other words, the sample can be either high or 
low with equal ease, and the true value of the waste rock is not 
known unless especial care and expense are taken to ascertain it. A 
walk over waste piles will show you how many pieces of . " reefy" 
material are thrown on to the dump. 

Mr D. J. 'Williams in his paper pointed out another reason for the 
high assay value of the waste rock, namely, that the country rock in 
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Sortz"1tg 0.1 Rock and Profit 

·the neighbourhood of a rich leader may carry gold, and this country 
rock is thrown out by the sorters. 

To show that I was not" talking through my hat," to use a slang 
expression, in the statement about 8 dwts. versus 10 dwts., I might 
state that on itt least five of the Rand Mines, Limited, sorting has 
been discontinued for the present, itnd this is a good proof that 
those high in authority firmly believe that more profit can be made 
without sorting, under the conditions prevailing at the present time. 
Although it is too soon to make a definite statement, since only one 
month's returns are available for the run without sorting, yet it 
looks as if more profit is being madc by non-sorting than by sorting. 
Before an authoritative statement can be made on this point a run 
of at least three months should be allowed; at the end of that time 
I trust I shall he able to publish a letter in the Jou.rnal showing that 
my assertion was not so wild after all. 

At first sight non-sorting might be considered a retrogressive 
step, but there are some points to be taken into account before an 
adverse criticism is made. As:;tn instance, take a mine with a 
200-stamp battery. With the present scarcity of lahour only 70 
to 80 stamps can he kept constantly at work. Therefore, if 
even a shilling pel' ton clear profit can be made from waste rock, it 
obviously pays to make use of some of the many idle stamps. It is, 
of course, not claimed that sorting should he done away with. 
If the mill had a superabundance of ore ready for crushing, it 
undoubtedly would pay to sort very closely so as to hring up the 
value of the rock sent to the mill, hut when there is a scarcity of 
rock to feed these large mills, sorting must be looked on in a 
different light. As I said hefore, the whole question is one of profit. 
If it can be shown that more money is made without sorting, under 
the present unfavourable conditions, then by all means be satis
fied with 8 dwts., and do not strive after 10 dwts. per ton 
crushed. 

I appreciated Mr Yates' contribution to the discussion, and I am 
glad to see he is such a stauhch believer in the importance of 
sampling. Evidently Mr Yates thinks that money given to an 
expert sampler is money well spent. His objection to '14 lb. being 
too small a quantity for a mine sample is a correct one, but I am 
sorry he took me so literally, for I gave the figures t inch by t 
inch by width of reef simply as an illustration of the principle of 
sampling I had in view. 

The point raised by Mr Yates regarding the stoping width is an 
important one. The hanging wall in many mines has a tendency 
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Calculalion of Stoping Width 99 

to come off in slabs, thus increasing the width of the stopes. In 
the Oentral Hand, wherc the hanging wall is exceptionally secure, 
there is not the same danger of rock falling into the stopes as 
there is in the .Hoodepoort district for instance. 

Mr Yates states that a liberal allowance should be made for the 
stoping widths over and above the figures obtained by actual 
measurement, but he does not state how much he would allow. I 
believe the following method to be an accurate way of 'working out 
the actual stoping width. 

At the end of a year's run the planimeter is used to find out the 
square feet on horizontal taken out during thc year. From the 
horizontal area the area on plane of reef is calculated. The total 
number of tons extracted from the stopes is known, which is multi
plied by the number of cubic fcet in a ton to obtain the total 
number of cubic feet of ore taken out dming the year. The total 
cubic feet divided by the square feet on plane of reef will give the 
average stoping width for the year. 

The actual stoping width for the year can also be found by 
measuring the width of the stope with a small levelling staff, every 
measurement being taken at a distance of at least 12 feet from the 
working face. 

The next contribution to be considered is one handed in by Mr 
"Tilkes. In regard to his first criticism, I may state that I had no 
desire to be dogmatic in the paragraph he refers to regarding the 
allowance made for sorting. My reason for bringing up this point 
can be well illustrated by means of an example. 

Suppose the sorting-house figures show that 25 per cent. of waste 
is thrown out. In- the mine there is a stope on the south reef 
where the reef is 8 inches wide, and the assay value 14 dwts., the 
width of stope being 36 inches. Let us assume that any stuff that 
cannot be brought over 4'6 dwts. per ton by sorting is unworkable 
and is to be left in the mine. Suppose 500 tons are taken from 
this stope in a month. The question is, are we losing money, or is 
the stope helping to swell the dividends? 

Let us say that 35 per. cent of the ore is broken in the state of 
"fines," then there will be 175 tons un sortable "fines." 

The figures given from the sorting house is 25 pel' cent. sorted 
out. Therefore 325 x 25 per cent. = 81'25 tons of waste sorted 
out. 

The stoping value of this stope for 36 inches is 3'll dwts., so 
that 500 x 3'll = 1555 dwts. gold contents of ore sent from this 
stope. 
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:100 Waste Rock and Stop£ng Value 

We then have-

(1) 175·00 tons" fines" at 3·11 dwts. = 544·25 dwts. 
(2) 81·25" waste rock at 1·00 " = 81·25 " 
(3) 243·75 " sorted ore at 3·81 " = 929·50 " 

500·00 tons. 1,555·00 dwts. 

combining (1) and (3) we get 418·75 tons at 3·51 dwts. 
In my paper I stated that in a case of this kind from 60 to 70 

per cent. of the waste could be thrown out. I believe that in such 
a case, with proper sorting, it is quite feasible to discard 75 per 
cent. of the waste rock. For illustration of the principle, then we 
will assume that 70 per cent. instead of 25 per cent is thrown out. 

We have in this case-

(1) 175·00 tons" fines" at 3·11 dwts. = 544·25 dwts. 
(2) 243·75 " waste at 1·00 " =243·75 " 
(3) 81·25" ore at 9·44 " = 767·00 " 

500·00 tons. 1,555·00 dwts. 

combining (1) and (3) we have 256·25 tons at 5·11 dwts. 
If 25 per cent. of waste rock is thrown out in this illustrative 

example, you observe there is a loss of four shillings and oyer per 
ton sent from the stope, whereas by assuming that 75 per cent. of 
the waste will be discarded there is a profit of more than two 
shillings per ton. 

Such cases as this, where a stope is just on the borderland 
between payable and non-payable, often crop up, and yon know how 
it goes against the grain to work a stope on which money is being 
lost. Sometimes it is important to get this poor stuff out, to break 
into richer ore, or other reasons, and if it can be shown that a 
profit is being made on the operation, the poor rock is mined more 
willingly. 

I pass over the next two questions of Mr -Wilkes as being of little 
impo~tance. 

On account of the insinuations of the next paragraph, I am sorry 
I will have to take up some of your valuable time in refuting Mr 
-Wilkes' remarks on one part of my paper. lYe can imagine with 
what joy the gentleman in question penned this paragraph, for he 
no doubt considered he had made a discovery which would gain the 
acclamations of the multitude, but like the mud from a wheel, he 
has flown off at a tangent. He did not go far enough and show 
how he would work the problem. 
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Average Stope Value lor 

Judging from the drift of his remarks, I consider myself justified 
in assuming that Mr Wilkes would work out the problem he refers 
to in this manner :-

The average for the first three columns is obtained by multi
plying each number in the column by the tons opposite. The sum 
of the figures obtained by this multiplying is divided by the tons, 
and the answer gives the average value sought. Thus, to obtain 
the value for column" Aver. ,Yidth Reef," he would put the figures 
down in this manner-

620 x 24 = 14,880 
306x 9= 2,754 
362 x 13 = 4,344 
332 x 9 = 2,988 

1,620 24,966 

24,966 1-·4· h 
6

')0 = t> mc es. 
1, '" 

In the same way the values of the columns "Aver. Val. Dwts." 
and" Aver. Stope Width" are worked out. 

Now, to arrive at the value of the last column, "Aver. Stope 
Value," I daresay Mr Wilkes would multiply" Aver. ,Yidth Reef" 
by" Aver. Val. Dwts." and divide by" Aver. Stope W-idth." If so, 
he would obtain 8·76 dwts. as the stopillg value. 

By working out the columns proportionately to the tons, there
fore, the last line of Fig. B will be-

Tons Aver. 

I 

Aver. Aver. Aver. 

Trammed. Width Val. Stope Stope 
Reef. Dwts. Width. Value. 

I ----

Total 1620 15·4 30 52·7 8·76 Third Level 

Anyone can see at a glance of Fig. B that the average for the 
second, third, and fourth columns are simple averages. In my 
paper I do not mention these three columns at all, as I considered 
them of minor importance in the question at issue, which was to 
obtain the average value of the tons of ore sent from the third level. 
Had I desired the averages of the other three columns, they would 
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102 Average Stope Value 

have been worked out as Mr Wilkes points out, that is, propor
tionately to the tons. 

'What Mr. 'Wilkes failed to grasp was the fact that the result of 
column" Aver. Stope Value" is not obtained by simple average at 
all, but was worked out from the tons. Had Mr Wilkes taken the 
trouble to put down these simple averages he would have 
obtained-

13·5 x 32·1 
49 -8·84 dwts. 

Quite a different result from 7·8 dwts., which is given in the paper 
as the value of the ore from the third level. 

Now this question of obtaining the" Average Stope Value" for 
a number of stopes of variable tonnage and variable value per ton, 
is a most important one. In order to show the discrepancy that 
may arise, according as one or the other of the two methods is used 
to work out the value, I will assume that-

a=Aver. width of reef (worked out proportionately to tons). 
b = " value in dwts. " " " 
c = " stope width " " " 

These three values are worked out proportionately to the tons. 

Also let aJ = stope value. 

By the method which I have assumed that Mr 'Vilkes uses the 
va,]ue of x is calculated thus-

axb x=-
c 

I should like to call your attention again to the method men
tioned in my paper for finding the value of x. It is "multiply tons 
trammed by stope value and divide the product, ton dwts. by the 
tons. This gives the value of x without any reference to the 
average values of a, b, and c. At first sight you might say that the 
values of x obtained by these two methods should be the same, but 
it is not the case at all. Take the example given in Fig. B of my 
paper, and substituting in the formula the values obtained by 
"proportion to the tons," we have-

_15·4 x 30 _ 8·76 d t 
x- 52.7 - w s. 

But the value of x obtained by the other method IS 7·8 dwts., 
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Average Stope Value 103 

nearly a pennyweight lower you see. I have worked out quite 
a number of values 'by the two methods mentioned, and the for
mula gives a higher result in the great majority of cases. On this 
account I am of opinion that the preferable method is to work out 
the ~'Average Stope Value)l proportionately to the tons direct, 
<L note being placed in the book to state that this value has not 
been worked out by-

ax/; 
--=X 

C 

The most astounding paragraph in Mr "Nilkes' contribution is 
this: "According to Mr Carter, if you mix 1000 tons of I-oz. ore 
with 20 tons of 5-dwt. ore you will obtain 1020 tons of stuff worth 
12} dwts." 

In the name of all that is wonderful, how did he arrive at this 
absurd conclusion ~ Allow me to state that, "according to Mr 
Carter," you would get no such thing. Alas! that in this world 
there are people who" having eyes they see not." Let Mr 'Wilkes 
turn to the paper and read carefully, instead of glancing through 
the sentence which begins on the bottom of page 89, namely, "In 
finding the average for each level" (that is the average value of the 
rock trammed), "Tons trammed" and "Aver. Stope Value" are 
multiplied together. The product "Ton Dwts." divided by "Tons" 
gives the value per ton. 

After pondering over this sentence a little I am sure Mr Wilkes 
will agree with me that when he wrote his paragraph he was suffer
ing from a delusion, for except on this supposition, I do not see 
how it was possible for him to write the paragraph in question. 

For Mr Wilkes' edification I will work this problem out by 
the methods stated in my paper-a method which was evidently 
too deep for him to grasp. 'iVe haye-

1,000 tons at 20 dwts. = 20,000 ton dwts .. 

20 " " 5" 100" 

1,020 tons. 

Now 

20,100 ton dwts. 

20,100 = 19.7 dwts 
1,020 . 

We will therefore have 1020 tons at 19·7 dwts. 
I believe Mr Wilkes makes his appearance before us for the first 

time, so that he can be considered a blushing debutant. I am sure 
all of us are glad hc has emerged from his retirement. There is a 
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104 Mi"ne Valuation 

general rule, however, applicable to debutants as well as the rest of 
us, that in criticising a paper the endeavour should be to bring up 
matters for discussion that will prove of value to the members of 
the Society, and not to pick out bits of the paper here and there 
in order to be able to produce a skit. . 

I am glad we have had the important subject of mine valuation 
before the Society for discussion. It would seem that a list of 
suggestions, after the order of the able instructions published some 
years ago regarding the assaying of gold bullion, ought to be drawn 
up, which would at least produce something like uniformity of 
method in valuing a gold mine. 
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IX 

NOTES AND QUERIES 

By H. T. DURANT, F.e.S., M.I.M.M., M.AM.I.M.E. (MEMBER) 

(Read at September Meeting, 1902) 

IN laying before you these few notes I must plead as an excuse the 
fact that while they contain little or nothing that is new to South 
African practice, at the same time your Transactions are read or 
abstracted practically everywhere; hence one may also have to 
consider points which are of interest beyond South Africa. 

(a) 
In very many assay laboratories it is customary to use for fluxing 

purposes borax of various and uncertain degrees of hydration. 
I have even seen used in several places the fully hydrated 
Na2B40 7 + 10H20, which contains 47 per cent. of water. 

Such procedure appears obviously incorrect, since every single 
gramme of such fully hydrated borax will give rise to nearly 
'5 grammes of water, which, at a temperature, say, of 2000 C., 
will measure about lOOO cubic centimetres. 

This will necessitate a considerable amount of dusting and 
unnecessary loss in the assay. Similar remarks apply to the use of 
more or less fully hydrated sodium carbonate and sodium bicarbonate. 
Looking at the subject from quite another point of view, one has to 
question the wisdom of handling by steamer. and railway an ex
cessive weight of material, of which a large and useless percentage 
is water and carbonic acid, one or both. 

In the formation of alkaline silicates by the action of sodium 
carbonate on silica there is necessarily eliminated a certain quantity 
of carbonic acid gas, but this takes place when the slag is already 
pasty or fused, hence mechanical losses are probably totally absent. 

On the other hand, when using either hydrated borax, sodium 
bicarbonate, or crystallised sodium carbonate, there must first be 
formed in the crucible, respectively, anhydrous borax and anhydrous 
sodium carbonate, in the two latter cases before any fluxing action 
or fusion can take place. 
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106 . Pos£tion of Assay Laboratory 

Hence, as will be readily seen, very large volumes of gases will be 
given off while the whole charge is still in a pulverulent condition. 

It is difficult to understand how such authorities, presumably 
practical, as Ricketts, Beringer, and many others, persistently re
commend the use. of NaHCOa (sodium bicarbonate), which contains 
superfluous water and carbonic acid gas, and these same authorities 
primarily recommend the use of hydrated borax, but mention 
anhydrous borax (borax glass) as an alternative. Of course it is 
quite possible that with care the dusting losses from the use of 
hydrated fluxes might be (at least, in the case of low grade ores, 
etc.) practically negligible-but is there any corresponding benefit 
to be obtained by running these risks, even if they are of the very 
slightest 7 

(b) 

In laying out the Reduction 'Yorks for a mine, one has to con
sider the best positions for the various departments; and here 
comes in a point on which there is often a difference of opinion. 
I refer to the position of the Assay Laboratory with regard to the 
Refinery or Smelting Room. . 

To me it seems that the Assay Laboratory and Refinery should 
be quite distinct from each other, and if the assayer also does the 
smelting all possible precautions as regards clothes and washing 
should be exercised, and all tools and fluxes, etc., employed in the 
Refinery should be quite distinct from the Assay Laboratory equip
ment. On the other hand, it is thc custom in many places, which 
I prefer not to name, though I can say they are not in South Africa, 
to have one common furnace room for both refining and assaying, 
and even in one or two cases to use the same furnaces for both 
classes of work; the results obtained occasionally can be guessed, 
especially when assaying low grade material. The opinions of 
members of this Society on this point would, doubtless, be 
extremely instructive and interesting. 

(c) 

The writer has found the following to be a perfectly accurate and 
very rapid method of assaying gold-bearing solutions; it is especi
ally advantageous when very large volumes of solution havc to bc 
operated on :- . 

"The solution for assay is placed in a boiling flask of convenient 
size, and, after having been rendered strongly acid by the addition of 
sulphuric acid, thc solution is raised to the boiling-point. 
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Assay of Gold-bearing Solutions 107 

Usually it will be sufficient to add from 40 to 50 cubic centi
metres of strong sulphuric acid for every 10 assay tons of solution 
originally taken for assay. . 

The solution having been raised to the boiling-point and acidified 
as stated above, there is now added from 5 to 6 grammes of zinc 
shavings for each 10 assay tons of solution originally taken for 
assay. These zinc shavings arc added in quantities of about 1 
gramme at a timc, and are well "teased out" before adding; it is 
also necessary to see that all action ceases from each addition 'of 
zinc, before the next addition of zinc is made. It is also well 
to rotate the flask occasionally to insure intimate contact and 
circulation. 

The solution must be kept fairly strongly acid throughout, adding 
more acid if necessary, and must also be kept at boiling-point from 
the first addition of zinc, till the full 5 or 6 grammes of zinc (for 
each 10 assay tons of gold-bearing solution originally taken for 
assay) has been added, and till all action has ceased, which will 
usually be less than ten minutes after first addition of zinc. . After 
all the zinc has dissolved, there will be a slight residue of lead, 
carbon, etc.; remove the flask from the source of heat, and add 1 
or 2 cubic centimetres of lead acetate solution: the precipitate of 
lead sulphate formed will serve to "collect." Then filter through 
a double filter paper, and wash out flask well on to filter paper; 
then fold up the moist filter paper and place on a layer of borax in 
a scorifier to dry, and char slowly in front of the muffle; when this 
is complete add granulated lead or litharge and reducing agent. and 
scorify as usual, cleaning the slag if necessary. 

The method depends on the action of nascent hydrogen and, in 
theory at least, is by no means novel. 

In the case of assaying solutions for silver, a small quantity of 
the latter metal might pass into solution as sulphate. 

It is clear that the actual amount of sulphuric acid required is a 
simple calculation. 

If, on first adding the zinc shavings to the boiling solution, action 
does not commence vigorously at once, it is well to add a few 
drops of copper sulphate solution: action will then at once start 
vigorously." 

DISCUSSION AT DECElIiBER J'.IEETING, 1902 

Mr A. Whitby-Mr Durant has laid before us two or three 
homely truths which, although perhaps recognised by many of us, 
still are worthy of consideration and even reiteration. 
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108 Water ofHydratx'on and Fluxi·ng 

Some years ago when using bicarbonate of soda as a fiux, I was 
struck by the formation of little craters in the charge, and the 
vi01ent propulsion of material through their medio, and later, when 
using borax containing water of hydration, I again had occasion to 
notice the same phenomenon, always before sintering took place. 
I am therefore in complete accord with Mr Durant, and strongly' 
recommend the use of fused borax and desiccated carbonate of soda. 
So-called calcined borax should not be used; in fact, the term is 
misleading, as the material frequently contains more than 25 per 
cent. of water. 

One little factor Mr Durant omits to mention is the diminution 
in bulk of the charge resulting from the use of the desiccated mono
carbonate of,soda and fused borax, and the consequent lessening of 
the tendency to froth over. 

Mr Durant's method of determining gold in solution is no doubt 
an excellent one, but has one or two objectionable features. I can 
understand its practicability as applied to one solution, but the 
necessity of heating and adding the zinc cautiously to a strongly 
acid and boiling solution of cyanide when a series of tests have to 
be made, does not appeal to me as either kind to the operator or 
simple in manipulation. It is, besides, under ordinary working 
conditions, open to possible objection on the score of zinc shavings 
contaminated with gold. I think it behoves the assayer to look 
with some suspicion on a reagent which ordinarily emanates from 
the cyanide extractor house. 

Mr A. F. Crosse-It is extremely necessary for those of us who 
have to advise the different mines to see that dry materials are 
obtained. It is a troublesome thing if you have borax or carbonate 
of soda containing water; it interferes with assaying, and is 
certainly liable to give bad results. I cannot put the matter before 
you in a more forcible way than Mr Whitby has done. I entirely 
endorse what he has said. 

DISCUSSION AT FEBRUARY MEETING, 1903 

Dr F. L. Bosqui (Ross, Cal., U.S.A., contributed)-In a few 
notes by Mr H. T. Durant, published in the September 1902 
number of the Journal, is described a method of assaying cyanide 
solutions, whose importance, I think, has not been sufficiently 
emphasised. This method, or rather a slight modification of it, 
has been used for the past year at the cyanide works of the 
Smuggler-Union Mining Co., Telluride, Colorado, and has given far 
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Nascent 'Hydrogen in AssaJ1ing' 109 

more satisfactory results than any of the well-known methods of 
assaying solutions. I would suggest the use of zinc dust instead of 
shavings as being somewhat more convenient in measuring out, as 
well as quicker in action. Where a large number of assays are 
being made at one time the operation may be simplified by omitting 
the boiling, and by using large beakers instead of flasks. The 
beakers may be more easily cleansed when their contents are ready 
for filtering. This advantage, however, will depend upon the 
quantity of solution taken. At the Smuggler-Union works, 25 
assay tons (729 c.c.) are used for each assay. The obvious advan
tage of being able to handle expeditiously so large a quantity of 
solution must surely recommend this method to all operators. 
Mr Durant speaks of its unreliability in assaying for silver, since 
some· of the latter passcs into solution as sulphate In practice, 
however, this has not been found to occur j for the same reason, 
probably, that in the sulphuric acid treatment of zinc precipitates 
containing considerable quantities of silver the washes are found 
practically free from the latter metal. 

'In my opinion this "nascent hydrogen" method is destined to 
superscde an others now in use for assaying solutions. Its distinct 
advantages are its mpidity, when compared with the older "evapora
tion" methods j and its accnmcy, since 25 assay tons or more of 
solution may be taken for one assay. 

Mr H. T. Durant (Buluwayo, contributed)-My reply to the 
discussion at the December meeting was unavoidably delayed owing 
to my bcing ont of town, and out of the reach of letters, etc. 

I am glad that Mr 'Whitby and others agreed with my remarks 
about fluxes, which, indeed, appeared to me to be truisms, and 
although I must admit that most assayers and smelters agree as to 
the absolute necessity of using anhydrous sodium carbonate, etc., 
still, when one has personally to ascertain what fluxes are actually 
used, I have found the facts are totally different. 'Vith regard to 
the method I proposed for solution assays, I find one inaccuracy 
(possibly my own fault) has crept into my original remarks j it is 
with reference to the amount of zinc shavings required: I should 
have said that five or six grammes of zinc shavings must be added 
for every 10 assay tons of solution operated on-this quantity of 
zinc can be added in several small quantities. The whole operation 
of adding this zinc will take less than ten minutes. On calculation 
it is evident that 5 or 6 grammes of zinc will yield as much 
zinc sulphate as can be conveniently produced in operating on 10 
assay tons of solution. 
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I loA ccuracy and Rapidity in Analysis 

I have found that instead of using precipitated silica to "collect," 
that it is better to add some lead acetate solution, and thus obtain 
a slight precipitate of lead sulphate. With regard to Mr Whitby's, 
objections to this method, I have found that it checks with any of 
the recognised methods; it will, moreover, givc hack the gold 
practically quantitatively from synthetic solutions, i.e. where a 
known weight of gold has been dissolved in a cyanide solution 
carrying no gold. 'Yhen solution results arc wanted quickly the 
whole operation can be carried out on very large quantities, and the 
result obtained in two.hours. 

I do not suggest that the method is more rapid on relatively rich 
solutions where 2 or 3 assay tons are sufficient for an assay . 

. It must have been without careful consideration when Mr Whitby 
stated that the method was neither easy to manipulate nor kind to 
the operator. I can only infer he must have been under the 
impression that the boiling solution will be cvolving continuously 
prussic acid, and possibly even sulphuric acid. 

With the dilutc solutions now in common use, most, if not all, of 
the prussic acid will have volatilised after the addition of the acid 
by the time the boiling-point of water is reached, since prussic acid 
boils at 26° C.; and later on in the operation nothing but hydrogen 
and water vapour can be given off, since starting with a volume 
of, say, 500 c.c., there will not, during the whole operation, be a 
diminution in volume of more than about 50 c.c.; hence it is absol
utely impossible that any sulphuric acid could be evolved when so 
much water is present. 

With regard to the origin of the zinc shavings, I am sure 
Mr Whitby would not allow that to deter him; he would go to the 
cyanide works, take some zinc discs out of a fresh case, and in a 
comparatively few minutes he could turn off enough zinc for 200 
or 300 solution assays; 1 lb. of zinc shavings being enough for 90 
assays of 10 assay tons each. 

I cannot help feeling gratified at the remarks made by Dr Bosqui, 
who is so well known, not only as regards his connection with the 
cyanide process, but also in connection with metallurgical work 
generally. 

I do not make any claim for priority-the possibilities of the 
method first struck me early in 1897 when experimenting with 
Mr 'V. A. Caldecott on the various modifications of zinc precipita
tion; but it was not till 1900, when I was in Salvador, that our 
assayer, having neither lead nor porcelain dishes, we were obliged 
to use this method, which we did after very careful checking. My 
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Use of Zinc Dust z"n Assaying I I I 

only reason for not using zinc dust was that I thought a careless 
assayer might manage to dissolve all the necessary zinc very quickly 
without obtaining a sufficiently satisfactory contact with the iarge 
quantity of solution; on the other hand, the zinc shavings would 
not dissolvc so quickly; it is obvious that in good hands zinc dust 
(not containing too much oxide, which is totally useless) possesses 
advantages. 

In only one case did I find any silvcr passing into solution. I 
attributed this, rightly or wrongly, to the presence of some metal 
electro-negative to silver. In such a case some silver might go into 
solution, but, of course, not till all, or practically all, the zinc had 
been dissolved. In any case, the assaying of solutions for silver 
does not at present concern many works in South Africa. 
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X 

THE LEAD SMELTING OF ZINC-GOLD SLIMES 

By P. S. TAVENER (MEMBER) 

(Head at October Meeting, 1902) 

IN response to a wish expressed by several members of this Society, 
it gives me much pleasure to introduce to you what I believe to be 
a new process, and one which I have termed in the title of this 
paper" The Lead Smelting of Zinc-Gold Slimes." 

The result of experiments concluded last week, and their possible 
importance to the mining industry, decided me to place before you 
at once as much information on the subject as, in the short space of 
time at my disposal before this meeting, I could gather, and I am 
relying on the discussion which I trust will follow to bring forward 
any points which, in the hurry of writing this paper, I may have 
overlooked. 

It is also my earnest desire that thc experience of many of the 
Society's members may be brought to bear on the subject, as I feel 
sure that any weak points which the process may now possess 
would then be speedily disclosed in such a way as to lead to their 
elimination. 

The process now in common usc, viz.: Treatmcnt by sulphuric 
acid, calcining, and pot smelting, should be carefully compared with 
the method which I am about to place before you, and if you are 
ablc to discover any points in which the comparison is unfavourable 
to the new process, I hope you will not hesitate to place such before 
the Society. 

As the process has up to the present time been used on only one 
mine I cannot claim it should supersede all other methods, but 
merely give the following description of it as an invitation to full 
and free criticism and comparison. 

The process was first made use of by me in August 1899, and 
since the resumption of milling on the Bonanza, Limited, some 
fourteen months ago, it has been continuously in operation. 

I can best describe the lead smelting by comparing it to a scorifi
cation assay conducted on a large scale, for the reason that the zinc 
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Fluxz"ng of the Slz"mes I 13 

slimes ai'e melted and the gold reeovered in lead bullion. The lead 
bullion is then eupelled, 01', to use a better term, refined. 

Starting from the" elean-up" of the gold slimes, I shall follow 
the proeess throughout, and in addition give a deseription of the 
furnaees used. The" clean-up" is eondueted in the ordinary way 
with the exeeption that all the preeipitate is at onee pumped fmm 
the" elean-up " tub into the filter press; the fine zine whieh remains 
at the bottom of the "clean-up" tub is heaped up on one side and 
allowed to drain for about half an hour, and is then ready for the 
smelting room. The filter press is cleaned out and the eakes taken 
in their moist eondition to the furnaee, and there both slimes and 
fine zine are put in trays into a drying oven, and suffieient time is 
allowed to warm through; fifteen minutes for eaeh tray being 
suffieient. Care is taken to keep the fine zine separate from the filter 
press slimes, and on no aeeount should they be allowed to get mixed. 

In eharging the furnaee the slime is first dealt with. After 
warming in the drying oven, it is at onee rubbed through a sieve 
-four holes to the linear ineh-and then roughly weighed for 
fluxing, the neeessary fluxes having been previously mixed. 

The slime is fluxed and passed through a sieve to ensure thomugh 
mixing. It is then shovelled direet into the furnaee. 'When all the 
filter press slime is fluxed and eharged, the fine zine is dealt with in 
the same way and put into the fUI'l1aee on the top of the slime ill 
order to prevent loss by dusting, and also to have the greater 
portion of litharge present on the top of the eharge. The fluxes 
used are: Hesidue assay slag and eommereial litharge (the former 
costs nothing, for unless used in this manner it would be thrown away). 

I have found that the following, with little variation, will give 
satisfaetory fusion and clean slag: Slag 25 to 30 per eent. made 
up of 10 per cent. assay slag, the balanee, equal quantities of old 
slag and sealings from the pots of previous smelt. In the event of 
the lead smelting method being adopted, I should like here to point 
out the advantage of storing the slag now being obtained from 
erueible smelting, sinee in the lead proeess its gold eon tents are 
converted into bullion free of cost. If it were not treated, elean 
slag would have to be used. During the last year I have been able 
to deal with several tons of this material assaying over 50 ozs. fine 
pel' ton, left behind on the mine after the Boer oeeupation. The 
same applies to clay-liners, and anything else earrying gold, now 
termed by-produets. With a lead smelting furnaee the word by
produet is forgotten sinee none is obtained. This is of some 
importanee sinee, if this slag is sold, 65s. per oz. of gold would 
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114 Proportion of Fluxes 

be obtained, whereas if the gold be recovered through the medium 
of the furnace, its value would be 84s. 6d. an ounce. 

The quantity of litharge used varies, and is influenced by the 
value of the slimes, the weight of charge in furnace, and the per
centage of gold required in the resultant lead bullion. 

In fluxing, the amount of litharge used is from 100 to 150 per 
cent. of the weight of fine zinc in its partly dried condition. With 
slime 60 per cent. is sufficient, and this can be reduced to 40 per 
cent. if there is sufficient charge in the furnace to give about 12,000 
ozs. lead bullion. 

Roughly, the proportion of fluxes are as follows :-

Slime . 100 parts by weight. 
PbO . 60 

" " Assay Slag 10 to 15 
" " Slag previously used 10 to 15 
" " Si02 10 to 20 
" " Fine Zinc 100 
" " PbO 150 
" " Slag 20 
" " 

The product to be smelted will vary on different mines, and no 
hard and fast rule can be laid down for the necessary fluxes. 

A few trials made on a small scale in assay office fires would 
quickly determine the correct proportions to give satisfactory results. 

In practice it is found that considerably less assay or other slag 
will be required than that necessary to obtain a good fusion, by 
melting a small quantity of slime or fine zinc in a crucible; and 
it would be safe to use 30 per cent. less slag when smelting in the 
reverberatory furnace. 

I endeavour not. to allow the lead bullion to carry more than 8 
per ceJ;lt. of fine gold as a maximum, it being preferable to make a 
larger quantity of lead than to have it very rich; the limit being, 
say, 10 per cent. 

With the slime the only other addition to the flux is a reducing 
agent, sawdust, for instance. One per cent. of sawdust on the 
weight of litharge is added, or if more than 60 per cent. of litharge 
has been used, 1 ~ to 2 per cent. sawdust is necessary. To the fine 
zinc none is added, since it is better to rely on the zinc to reduce 
the litharge, and also advisable to ensure an excess of litharge in 
the slag. 

When the entire charge of zinc and slime is in the furnace, it is 
banked up from the sides to the centre so as to avoid the possi-
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Manipulation of Charge in Furnace I IS 

bility of particles remaining on the sides above the slag level' as the 
charge reduces and settles down. A covering of litharge is spread 
over the surfacc, and on this again a light covering of easily fusible 
slag is spread. The furnace is charged the day previous to smelting, 
and one of thc night shiftmcn lights a slow fire about 3 A.M.--this 
serves to dry the charge. At 5 A.M. the damper is opened and the 
fire urged, and in half an hour the furnace is at a smelting heat. 
By 9 or 10 A.JlL the charge is reduced, then sweepings from cyanide 
works, smelting room, or any slag requiring re-smelting is added 
and is quickly absorbed in thc molten bath. When all this has 
been fed in and melted, and the slag become fluid, it is well stirred 
with a rabble, and sawdust is thrown in to reduce the excess of 
litharge in slag. The slag is now rup off into pots through the 
slag door. It will be seen from the plan that the level of this door 
is 4 inches above the centre of the lead bath-a bath of 12,000 ozs. 
of lead bullion almost occupies this space. 

Bcfore filling the furnace the slag door is built up about 12 
inches by plaQing flat cast-iron plates ~ inch thick, bedded in fire
clay one on top of another, and in front of these plates a bank of 
fire-clay is also made. In order to run the slag off, all that is neces
sary is to break away this bank, plate by plate, and so allow the 
slag to flow over into the pot. 'When the pot is full it is wheeled 
ltway and another is put in its place. The filled pot is run outside, 
and after standing a minute or two, is tapped and the molten slag 
allowed to run out on the ground to cool; that which remains on 
the sides and the bottom of the pot is brought back for further use. 
'When 110 more slag will flow from the furnace owing to the bath 
being down to the level of thc slag door, it is waved off by rabbling. 
At first sight it would appear difficult to draw this remaining slag 
off without dragging out some lead, but a very little practice enables 
it to be done so closely that there is little but a thin skimming 
of slag remaining. In the event of a little lead being pulled out 

. into the pot, it is recovcred from slag pots. It is for this reason that 
the pots are tapped about 2 inches from the bottom (see Fig. 1). 
Ry opening the fire door this last skim on the lead bath quickly 
thickens. A shovelful of lime is thrown in to assist. This skim is 
easily pulled off, and of course is held over until next smelt. By this 
means a clean surface of lead is exposed, and any zinc present 
would be quickly got rid of, for at this stage the lead is at a bright 
red heat, and the free access of air due to the open fire door quickly 
oxidises it. So far, lead recovered by this method has always been 
clean and soft, a proof that no zinc could be presellt since 1 per 
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II6 Preparation of the Test 

cent. zinc gives to lead a distinct silvery colour and makes it so hard 
that it cannot be rolled. The lead bullion is tapped by driving a 
~-inch steel bar tapered to a point into thc tap holc, which is closed 
with a fire-clay plug, and the lead is run into an iron trough which 
conveys it to the moulds, these having been previously placed together 
on the floor. Before tapping the furnace the lead bath is well 
stirred, and with a ladle a sample is taken and granulated, by 
pouring into a bucket of clean water. This sample is absolutely 
reliable, and reduction works will pay on 100 per cent. of· assay 
value on such a sample. 

In half an hour lead bullion ingots are weighed, sample assayed, 
and total gold value ascertained. 

The mode of conducting the process of cupellation is the next to 
be dealt with. 

The first operation consists of making the test, which is an oval 
cast-iron frame filled with bone-ash ground sufficiently fine to pass 
through a 20-mesh sieve. Other materials, such as a mixture of 
limestone and fire-clay, threc parts by volume of iimestone to one 
and a half fire-clay, ground through a 12-mesh screen, would serve 
the purpose, but I prefer the bone-ash. 

The bone-ash before being put into the test frame is prepared by 
dissolving 1 lb. of caustic potash to 33 Ibs. of dry bone-ash. Thc 
test as shown in sketch, and used on the Bonanza, requires 500 Ibs. 
to fill it. The hone-ash in the test after cavity has heen cut out 
weighs 300 Ibs., and is moistened to just such a point that by 
squeezing into a ball in the hand it will break clcan. A greal deal 
depends on correct moistening. 1 To the inexperienced, the danger 
is always to make it too plastic, and it is better to have it too dry 
than the least bit too moist. 'Yhen it has been damped, it is 
passed through sieves 10 holes to linear inch to break up all lumps. 
The tcst frame is now placed on a 2-inch cast-iron plate bedded in 
cement, bone-ash is shovelled in until the frame is quite full, and is 
then tamped in. 'Yhen filled first it is best to tl·ead it down, 

, starting from the centrc and working round evcnly. It is then 
levellcd off, and lightly and evenly beaten with tamping irons. 
after which two shovelfuls of bone-ash arc beaten in at a time until 
thc whole test is full. The surface is then hollowed out with a tool 
(made by cutting a mason's trowel in half), leaving 11 rim 3 inches 
wide at the back and sides, and at the front 10 to 12 inches widc, 
to aHow space for the formation of the litharge channels. The 

'10 per cent. to 11 per cent. of water on weight of bone-ash has been found by 
practice to give the most satisfactorr l'esults. 
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Cup  e llat  ion 117 

cavity thus formed  is from  to 3 inches deep. It is advisable to 
leave the cavity slightly lower in the front  than at the back. Four 
U inch holes are bored through at a distance of  2 inches from  the 
test ring, and 4 inches apart, in the front  of  the cupel, which may 
be done with a half-moon  shaped bit used with a carpenter's brace. 
The operation is now complete, and the test is put on one side in 
smelting room for  at least two weeks—the longer the better. It 
is advisable to place it near the smelting furnace  so that the drying 
is assisted by the heat of  the furnace  during the smelting. Such a 
test properly made is capable, when cupelling once a month, of 
handling four  months' output, dealing each month with a ton and 
a half  of  lead. The last one used on the Bonanza dealt with four 
months' output, having cupelled a little over 7£ tons of  lead bullion, 
producing 14,978 ozs. gold bullion, equal to 12,810 ozs. fine  gold. 
When a new test is placed in the furnace,  a slow fire  iŝ  kept 
burning for  three or four  hours before  starting to refine.  It is put 
in place, and held there by brick wedges resting on the two 
supporting bars (see sketch). An iron blast pipe, which is 3 inches 
in diameter, flattened  and turned down at one end to allow the 
blast to strike down on the molten lead, is now fitted  in at the 
back end of  the cupel (see sketch). The test having been well 
warmed, the temperature of  the furnace  is raised sufficiently  to 
melt the lead bars which are now fed  in. This is done at first  by 
placing directly into the cupel six bars through the working doors; 
when these are melted the temperature is increased, and test bars 
are then pushed in through the feed  shoot, far  enough to project 
a few  inches over the lead, and as each bar gradually melts it is 
pushed further  along towards the fire  until entirely melted. Lead 
is thus fed  in until the molten bath almost reaches the level of  the 
litharge channel—this channel, to J inch deep by 1$ inches wide, 
being cut in the meantime. The temperature is now increased to 
the melting-point of  litharge, and as soon as the lead is covered with 
molten litharge the blast is turned on, care being taken to regulate 
it by the damper, so that little ripples or waves on the surface  are 
caused, yet not sufficient  to produce spitting of  the lead. The 
channel is previously stopped with a small plug of  bone-ash, and 
as soon as the litharge commences to flow  over it, a scraping iron is 
used to remove bone-ash plug and allow the flow  to continue 
along the channel, through the hole, and so down into the litharge 
pot, which is similar in shape to the slag pot shown in sketch, only 
much smaller, being only 12 inches diameter, and 8 inches deep. 
The rate of  the flow  of  litharge is controlled by the quantity of 
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118 Cupellation 

lead melted off  from the bars pushed through the feed  shoot, and 
the feed  is so regulated that about two-thirds of  the lead remains 
covered with litharge. This operation is continued until all the 
lead has been melted and the gold so far  refined  that there 
only remains the concentrated bath in the test. At this stage the 
temperature of  the furnace  must be considerably increased owing to 
the gold lead alloy becoming less readily fusible  on account of  its 
richness. At the same time the channel for  the outflowing  litharge 
has to be gradually deepened to allow the remainder of  it to flow-
over, and this operation must be continued with the greatest care 
until, by the practically complete elimination of  all lead and im-
purities, nothing remains but gold bullion. It is advisable, after 
making each cut in channel, to allow the flow  of  litharge to almost 
stop before  making the channel deeper. Nearly all the copper 
originally in the lead bullion comes with the litharge just before 
completion of  the operation, and the latter is thereby rendered so 
thick and heavy that it requires the highest temperature available, 
and may often  require to be assisted by scraping it from the channel 
into the hole. If  any difficulty  is found  due principally to deficient 
temperature, this may be overcome by stopping the channel with a 
plug of  bone-ash, and placing on top of  the molten bath a ladleful 
of  assay office  slag, and stopping the blast in the meantime until 
the slag is quite fluid.  Then by again turning on the blast and 
removing the bone-ash plug the litharge will again flow  readily. 
Just previous to the point of  completion there is a danger of  the 
alloy freezing  directly under the cold blast, which always happens 

' when the gold is cleaned, and is a good indication that the opera-
tion is complete. As soon as this has occurred the blast is shut off 
and the fire  urged until the bath is once again re-melted. If  the 
refining  is complete very little litharge and slag is seen on the 
surface.  The blast is again turned on if  necessary, and this last 
impurity blown off.  The gold now maintains a clean surface  and 
will reflect  a working tool held over it. Six or eight pounds of 
assay slag are then added, and after  being melted this is run off. 
By this means a bright clean surface  is given to the gold, and 
it should maintain this appearance after  being kept molten for 
a few  minutes. The fire  door is now opened and the molten gold 
is allowed to cool in the furnace  to such an extent that it will not 
crumble when a crowbar is inserted under the cake, which is lifted 
up, broken in half,  withdrawn through the working door, and 
caught in a slag pot. No unnecessary delay must take place when 
the gold is set, otherwise it will be difficult  to break up after 
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Advantages of  Lead Smelting 119 

removal from the cupel, and the breaking is necessary to enable it 
to be fed  into crucibles, re-melted and cast into bars. 

This roughly describes all the operations appertaining to the lead 
smelting of  gold slimes. It is difficult  to explain by means of  a paper 
all the technical working details of  these operations, but if  I have 
sufficiently  interested any of  the members of  this Society in the 
subject, a visit paid to the Bonanza during any of  these operations 
will help to render clear many points that I have failed  to make plain. 

I will now endeavour to point out what appear to be the most 
apparent advantages to be gained by lead smelting, as against the 
sulphuric acid treatment. They may be tabulated as follows:— 

(1) Saving in cost of  smelting. 
(2) No by-products. 
(3) Less liability of  loss in handling. 
(4) More gold actually obtained, as shown by reliable, 

practical, comparative tests. v 
(1) I can best demonstrate this by drawing your attention to the 

particulars of  the first  Crown Deep trial. The fact  of  equal weights 
having been treated by the methods allows of  a more correct com-
parison being arrived at. 

Crown Deep Costs for  Acid Treating, 
Calcining, and Smelting. Lead Smelting Method. 

721 lbs. Sulphuric 
Ac.at3fd.perlb.  £11 5 6 

Crucibles, clay-
liners, stores, 
fluxes,  etc. . 11 0 0 

Coal . . , 2 18 6 

110 bags Coal at 
4s. 6d. per bag £2 5 0 

£25 4 0 £2 5 0 

443-727 ozs. smelted gold. 
31-253 ,, by-products. 

474-980 ,, gold recovered. 

Cost per oz. Is. Id. per fine  oz. 
of  smelted gold recovered. 

552-452 ozs. gold recovered. 
Smelting cost per oz. Id. fine. 

lbs. slag assay value 1 
oz. per ton. This is not 
credited. 

1 Inclusive of  smelting half  a ton clean lead for  washing out furnace,  both 
before  and after  smelting. Slag used for  lead smelting costs nil. Reasons 
previously stated.'· 

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 
MES. 

rv 
BV P.S.TAI(E:NER. --

.0. 

r· _. 

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 Methods and Value of Gold 

In the above, no labour costs are included. Our President, Mr 
~Williams, who witnessed both smelts,. will, I think, bear me out 
when I say that the labour was considerably less on the lead smelt. 
No charge is made for wear and te'ar on the futnaces, since this is 
incidental to both methods. It may be claimed that the lead 
method would cost more for the upkeep of furnaces. If so, 'there 
is ample margin to meet the expense. As the value of the gold 
in by-products resulting from acid treatment is said to realise only 
65s. per oz., while the cupellcd gold is worth 84s., we ought to add 
the difference in these values to the working costs 'of thc acid 
method. In this case this will be £31, namely, £1 per oz., and the 
cost would then be:-

Acid treated method 2s. 6d. per oz. fine. 
Lead 

" 
Id. 

" " 
In addition, I am able to give' yon particulars of the last four 

months' smelting on the Bonanza, viz. :-

Moist weight of Moist weight of Lead Bullion re- Total Fine. covered from Filter Press Fine Zinc 
Smelting Furnace onllces 

Slime Smelted. Smelted. and Cupelled. recovered. 

i 
131,342 ozs. I 111,104 ozs. 221,407 ozs. 12,810 

(Troy) 

I 
(Troy) (Troy) 

9,0581bs. 7,662 lbs. 15,269 Ibs. 
(Avdp.) (Avdp.) (Avdp.) 

54 per cent. 1 46 per cent. Approx.: 1 lb. 
I lead to 1 Ill. 

I 

smelted. 

The following is a detailed smelting cost for four months 
exclusive of labour, but inclusive of firebricks, etc., used for 
furnace repairs :-

BONANZA, LJlIHTED 

Analysis of Stores used for Cupelling and Smelting, Junc
September 1902 

Coal 
Cokc 

Carried forward 

£82 13 1 
986 

£92 1 7 
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Workz"ng Costs 

Brought for\vard 
Fire-clay 
Firebricks and Slabs 
Paper Bags 
Lead Foil 
Bar Iron 
Crucibles and Liners 
Caustic Potash 
Bone-ash 
Sundries 

Lead loss estimated at 12% 
on 15,269 Ibs. = 1832 
Ibs., say, 1 ton at £20 

£92 1 7 
3 0 0 

17 15 6 
1 17 6 
3 0 8 
0 3 2 
1 15 0 
0 12 0 

10 0 0 
5 2 

£131 10 7 

per ton 20 0 0 

£151 10 7 

Cost per 
fine oz. 

recovered. 
2·463d. 

·374d. 

2·837d. 

Gold output in fine ozs. for same period = 12,810. 

121 

The total inclusive cost of smelting and cupelling an ounce of gold 
on the 'Bonanza, Limited, is less than the cost of sulphuric acid 
alone used by the method generally ill llSC on these fields. From 
information gathered from reliable sources, I find that sulphuric acid 
treatment costs from 4d. to 8d. per finc oz. gold smelted, the smelt
ing cost, exclusive of labour and' furnace wear and tear, is about 4d. 
to 6d. Roughly, from these figures the method in vogue costs, say, 
Is. per oz. fine gold produced. 

Taking the lead method cost at 3d., ill the case of a mine pro
ducing 2500 ozs. fine' gold per month from cyanide works, it would 
mean a saving in costs of £93, 15s. pel' month, roughly, equal'to 
£1000 per annum. 

The Chamber of ·Mines return for the year 1898 gives the total 
fine gold produced by cyanide works as 1,103,882 ozs.; calculating 
as above, the' adoption of the lead smelting process would save the 
industry £41,395 per annum. 

(2) The value of a method that will do away with by-products 
is an important consideration. 

I have been unable to obtain reliable figures showing the actual 
percentage of gold represented in by-products, but I do not think 
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122 Amount of Gold i"n By-products 

I am claiming too much if I take it to be between 1 to 2 per cent. 
This gold has been sold in that form, realising 60s. to 70s. per oz. 
fine. The value realised for some of this gold may exceed 65s., the 
figure previously taken, but in any case this represents a con
siderably less value than if it were recovered and banked in bars. 

In the Chamber of Mines return for September 1902 one mine 
alone sold 11,000 ozs. as by-products. 

Taking the Chamber of Mines return for 1898, gold in by-products 
sold totalled 11,542 ozs., and gold recovered by cyanide treatment, 
1,103,882 ozs.: this equals 1 per cent. A mine producing 2500 a 
month and realising £1 less for gold so sold, would, by the lead 
smelting method, derive a profit on these figures of £25 monthly, 
equal to £300 per annum, but I think you will agree that this does 
not truly represent the by-products sold. . 

At the present every mine after each smelt has an appreciable 
amount of gold locked up in the form of by-products, and the value 
of the gold is only realised when the quantity is sufficient to tempt 
a buyer, and the company is left in the position of having to accept 
a much lower price than its value. 

The lead method of smelting deals monthly with the gold residues 
that may be made from the proceeding smelt, and finally all gold 
produced is banked and its full value realised at once. 

(3) It is apparent that there must be less liability to loss in 
handling moist slime and in charging and fluxing the furnace, and 
also tha;t the product is comparatively poorer than that resulting 
from the acid treatment and calcining. In the latter case the pro
duct is a very rich dry powder. The risk of temporary losses in 
decanting acid solutions is avoided in the lead method. There· are 
no acid solutions to run to waste or washings from filter press; in 
the lead smelting" clean-up" the filter press delivers ~he solution 
which has passed through it to the head of the pre<;lipitation boxes. 
The precipitate is only handled once as against several times by 
the acid treatment, thus diminishing the risk of loss, and lastly, but 
perhaps most important of all, calcining is done away with. I 
doubt whether anyone will be found to maintain that calcining is 
desirable if it is possible to do without it. 

(4) Regarding this, much evidence has been gained on the 
Bonanza to maintain what may to you appear a presumptuous 
claim. The evidence has in some cases shown such large differ
ences in favour of lead smelting that I have been compelled to 
discount them, and in fact to omit the actual figures themselves, 
for the reason that the publication of results showing a gain of 

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
)



Comparz"son of Methods 12 3 

10 per cent.-and we have had higher recovery for lead smelting
could not, with justice, be done, unless I were able to point out the 
reason or account for the losses by acid treatment method. There
fore I do not claim this, but submit it to your notice in the hope 
that it will lead. to very careful investigation. It must be very 
clear to all that should this claim prove itself to be justified 
to the extent of a saving of 1 per cent. of gold, the impor
tance of this method of treatment to the industry can hardly be 
realised. 

With Mr Creswell's kind permission I am able here to give you 
particulars of two experiments carried out for the Village Main Reef 
G.M. Co. I was not present when the portions were mixed, and 
do not know the method adopted. Mr Gaze will no doubt be able 
to give the necessary information on this point. The portion 
smelted by the lead process was brought to the Bonanza and was 
there smelted. Two trials were made with the following 
results :-

FIRST TRIAL 

Unequal Portions. 

Part No. l.-Net wet weight 503 
Ibs. 12 ozs. after sulphuric acid and 
calcining, weighed 1588 ozs. and 
gave fine gold ozs .. 

Part No. 2.-Net wet weight 496 
Ibs. 6 ozs. after sulphuric acid and 
calcining, weighed 1586 ozs. and 
gave fine gold ozs .. 

Part No. 3.--Net wet weight 477 Ibs. 
11 ozs. smelted with lead and 
cupelled gave ozs. 329'379, wash from 
cupel ozs. 8'35 

Part No. 4.-Net wet weight 529 
Ibs. after sulphuric acid and calcin
ing, weighed 1606 ozs. and gave fine 
gold ozs. 

Ozs. of 
fine gold 

recovered. 

289'812 

343'933 

337'729 

338'197 

Ozs. of·fine 
gold acc'd for 

per lb. wet 
Slimes. 

0'5753 

0'6926 

0'7069 

0'6393 

Lead process 11 per cent. higher recovery than 3 acid-treated lots. 
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I24 Companson oIMethods 

SECOND TRIAL 

Equal ·Weights. 

Part No. I.-After sulphuric acid ami 
calcining, weighed 2110 ozs. and 
gave 224'272 
Add gold in slags 36'8 

Part No. 2.-Smeltcd with lead and 
cnpelled gave 282'683 
Addgold in cnpel 8'35 

Part No. 3.-After sulphuric acid and 
calcining, weighed 2030 ozs. and 
gave fine gold . 241'551 
Add gold in slags 36'8 

Part No. 4.-After sulphuric acid and 
calcining, weighed 1875 ozs. and 
gave fine gold . 212'701 
Add gold in slags 36'8 

Ozs. of 
fiue gold 

recovered. 

291'033 

278'351 

249'501 

OZ8. of fine 
gold [wc'd for 

per lb. dry 
Slimes. 

0'0186 

0'6896 

0'6596 

0'5912 

Slags from Bonanza Smelting, say, 630 Ibs. at 1 oz. 5 dwts. per 
ton 0'393 ozs. 

Slags from Acid Smelting 700 Ihs. at 1'01 per cent. 1l0'9 ozs. 
Lead process 10 per cent. higher recovery than 3 assay-treated lots. 

This evidence is too important to be ignored. It may be argued 
that owing to the difficulty of thoroughly mixing the gold slime 
and fine zinc it is impracticable to ensure that by taking equal 
parts equal quantities of gold are represented in each half. The 
large differences obtained were attributed to this cause, but the law 
of averages should sometimes give the acid-treated method a higher 
recovery. This has not once happened in the experiments made. 
Further, in the Crown Deep trial they again halved their half of 

." clean-up" to endeavour to check this theory, but little difference 
was shown, and this difference can he attributed to the fact that 
one half only was calcined, and the other smelted direct after acid 
treatment, the latter giving a slightly higher recovery. This 
point is of importance and also, I am sure, of interest to you, 
as it points out to a possible solution of the supposed losses by 
calcining. 

These are what appear to me to be the most important direct 
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Silver in Bullion 12 5 

advantages in favour of lead smelting. As before stated, the 
indirect advantages are many. 

Such a process is capable of treating anything entering the smelt
ing rool11. This fact must appcal to all who have had experience 
in [Lny sort of smelting. The precipitation house sweepings are 
saved instead of being swept away. This, during the course of a 
year, will mean the addition of a few ounces to the output. 

The use of lead acetate ill large quantities has now become 
necessary to precipitation, in order to deal with the big volume of 
very dilute cyan~de solution from the slimes plant. This is the 
cause of much difficulty in the acid-treated method, since there is a 
danger, when a clay-liner is cracked, that the plumbago of the 
cruciblc will reduce the lead sulphate: the result being base bullioll 
and rich mattes of sulphides. The lead from this source is, of 
course, innocuous ill smelting by the lead method" and allows of 
the use of the acetate on the precipitation plant without having to 
consider any pernicious effect on the smelting. 

Old cupellation tests are broken up, and the saturated portions 
are smelted, the unsaturated parts being ground and used in the 
Hew test. 

Bricks removed from the furnace during repairs are also smelted. 
In fact, there is no by-product of either mill or cyanide works that 
cannot be dealt with and the gold recovered. 

The present method of smelting and the use of manganese dioxide 
has a tendency to drive a considerable amount of silver into the 
slag. Gold finer than 865 is obtained at the sacrifice of silver. By 
lead smelting, the silver will be found in the bullion-the litharge 
carries a certain quantity-but this being repeatedly used the 
silver is not lost. The silver ill cupelled gold is sufficient to meet 
expenses of shipment, insurance, etc., of bar gold, a trifling, but not 
inconsiderable, item. 

It is open to dispute whether the very poor precipitate obtained 
from slime solution precipitation boxes, with acid treatment, pays 
to treat. If this product alone were dealt with, the cost would, 
I think, amount to as much as lOs. per oz. In many cases, I 
understand, it is a rule to sell this as a by-product, the gold 
realising about 70s. per oz. By the lead smelting method this is 
easily and cheaply treated, and I am always glad to have some to 
charge into the furnace when the ordinary" elean-up" is melted, 
for, carrying little gold, it ensures very clean slag. 

It may possibly be argued that cupellation is a difficult and 
delicate operation, but this idea is morc imaginary than real. How-
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126 Treatment of Fz'lter Press Slz'mes 

ever, slight accidents will occasionally occur, such as a small quantity 
of alloy overflowing with the litharge, but since the litharge is used 
again for the next smelt, any gold contained in it will be recovered 
on that occasion. 

To summarise the advantages put forward for the lead smelting 
method, I do so by again taking a cyanide plant producing 2500 
ozs. per month, as follows :-

Saving in smelting 2500 ozs. at 9d. per oz. £93 15 0 
Extra revenue derived on 1 per cent. 9f 

gold in by-products equals 25 ozs. at 
£1 per oz. 25 0 0 

£118 15 0 

A direct saving of 11·4d. per oz. fine gold recovered. 
If a 1 per cent. recovery is made by lead method, a further sum 

of £100, being 25 ozs. fine at £4 per oz., would be derived, or a 
total saving monthly of £218, 15s., equal to £2625 per annum. 

At the Bonanza it has been the custom to wash the zinc from the 
slime plant previous to its removal to the tailings precipitation 
boxes, and keep this zinc precipitate separate from the "clean-up" 
of the slimes solution boxes. The latter product carries very little 
gold, and is dealt with in the following manner: Having been 
pumped into the filter press, the cakes are, as soon as removed from 
the press, slightly warmed in the calcining furnace, and then at 
once fluxed in their moist condition, and filled and pressed into strong 
8-lb. brown paper bags, and allowed to dry naturally. This takes 
two or three days. They are then put into the furnace after the 
ordinary "clean-up" is melted. As previously mentioned, the 
ordinary "clean-up" is placed ill the furnace before the fire is 
lighted. These bags can be fed into the hot furnace and plunged 
into' the molten bath of slag at the rate of ten bags about every 
fifteen minutes-the damper, of course, being closed whilst they 
are being put in, and kept shut until the newly fed-in charge has been 
absorbed in the molten bath. Up to the present I have not risked 
treating any rich product in this manner, but after careful watching 
to see if dusting takes place, I feel assured that all the filter press 
slime could be so dealt with, and that there is nothing to fear from 
loss due to this cause. If this could be done, the economy and time 
saved would be considerable, and theoapacity of the furnace 
increased twofold. 
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Smelting the Fine Zinc 

The charge \vhen smelted is much less than its original bulk, and 
it will be apparent that by additional charging more than twice the 
quantity could be dealt with in one smelt, at little extra cost of 
fuel and labour. If a charge placed in a cold furnace should take, 
say, six hours to melt, a similar charge fed into the molten bath 
would be melted in a fourth of the time. In addition, it would 
considerably assist the work in running oft· thfl slag, previous to 
tapping out the lead bullion. Further, the increased quantity of 
lead bullion produced would greatly assist the removal of the slag 
when the smelting was complete, for the reason that the lead bath 
being at a higher level, would allow of all the slag running over the 
slag door into pots, and so do away with the necessity of waving 
the slag off by means of a rabble, and so prevent any lead bullion 
being drawn over in this manner. If this process is adopted, many 
improvements can be made. Probably the first would be to make 
the fluxed gold slime into -briquettes by a machine used largely in 
America by smelters, and known as a mineral press. The fluxed 
gold slimes treated in this manner, and afterwards thoroughly dried 
in a drying oven, could be plunged into the molten slag, and so 
become at once submerged therein. 

I have no hesitation in saying that this method would avoid any 
mechanical loss by dusting. 

The question of smelting the fine particles of metallic zinc with
out preliminary treatment by sulphuric acid, may be open to discus
sion. Presuming that under certain conditions it is found desirable, 
it is obvious that the fine zinc can be removed by acid treatment, and 
then smelted to advantage by the lead method. The fine zino re
presents but a small proportion of the" clean-up," and would entail 
a corresponding less consumption of sulphuric acid than subjecting 
the entire" clean-up" to acid treatment-necessary to the calcining 
and crucible smelting method. Should this modification be adopted, 
calcining and the costly crucible smelting would be avoided, since 
the slime resulting from the acid-treated fine zinc would be taken 
direct from filter press-fluxed in its moist condition-and oharged 
into furnace as before described. Circumstances and looal con
ditions can alone decide this point, and I therefore leave it an 
open one. Speaking from my experience, and judging by the 
results of trials, I have had no occasion to consider it necessary. 
Regarding the greater proportion of the "clean - up," e.g. gold 
slimes, I claim that this can be safely smelted without preliminary 
treatment. 

I hope shortly to be able to place before you a sketch of a "clean-
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128 Smelting and Cupelling Furnaces 

up" vat, which will be the means of saving considerable time, and 
will wash the zinc without handling. It is also designed to allow 
of the fine zinc being treated with a dilute sulphuric acid solution 
for a few minutes: the idea being that subjecting the fine zinc to 
this treatment will thoroughly clcanse thc zinc of the deposited 
gold j the cleansed fine zinc after washing would be rcturned to the 
prccipitation boxes. If this should be successful it will obyiatc 
any necessity to smclt metallic zinc, give less bulk of material to 
smelt, yet giving practically all the gold originally containcd in the 
fine zinc. 

All that remains for me to do is to now draw your attention to 
the plans of both smelting and cupclling furnaces. I am indebtcd 
to my friend, Mr Herbert H. Erskine, for kindly making the draw
ings for me. The smelting furnace of the capacity shown in plan 
is what I consider the most suitable for most mines on these fields. 
The pan should be filled, and the sides lined 12 inches above 
smelting hearth with the very best imported firebrick. The work 
of filling in the bricks for the bottom of the pan rcquires special 
skilled labour, and the brick should be so closely fitted in that a 
knife blade could not be inserted between thc joints j the remainder 
is only ordinary brickwork. The grouting used in the pan for 
filling is made of finely crushed firebrick, passed through sieve 
of about six holes to the inch, none of the dust or fine stuff being 
used, this being removed by a fine sieve, the fine broken brick 
remaining on the sieve. This is mixed with fire-clay to make it 
bind, and moistened just sufficiently so that it can be squeezed in 
the hand to make a ball j it is then tamped into the bottom of the 
pan to the required levels, faced over with cement. 

The cupelling furnace requires no special remal·ks j ordinary 
local firebricks are suitable for its construction. A fumace same 
size as shown in plan is suitable for all requirement!? 

The blast is obtained by a Root's blower, small size, driven at a 
speed of 1600 revolutions a minute. 

Slag pots, litharge pots, test rings, bed-plate, etc., for cupelliug 
furnace can all be procured in town, locally made. 

If an iron smoke stack is used, it is necessary to have a brick 
flue of at least 30 feet between furnace and stark, othcrwise the 
heat of the furnace is such that it will make the lowcr two or thr"ee 
plates red hot, and this, of course, means a danger of your smokc 
stack coming down concertina fashion. 

To ensure good draught and cconomy of fuel, a height of 60 
inchcs is advisable. 
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Recovery by Lead Smelting 129 

The roof of the smelting furnace, as shown in the plan, is not 
correctly drawn. It should be a true reverberatory, the. prints 
of which will bc familiar to most of you, and can be seen in any 
text-book on smelting. 

DISCUSSION 

The President-Mr Tavener is the first man who has shown that 
we are really making a bigger loss than we are given credit for by 
onr present system df smelting. I have heard of many experiments, 
but have disparaged them all entirely. I told Mr Tavener so. He 
said, "Come along and make a trial." vVe made a trial, with the 
result that he got more gold than we did. The difference was still 
so big that I thought honestly that we had made a mistake. In 
these experiments I had the very loyal and kind assistance and 
encouragement of the manager of the Crown Decp, Mr C. J. Price, 
and also of his entire staff. Myself and staff conducted the experi
ments, and we did everything that w:is humanly possible to get an 
absolutely correct result. Still, I was not satisfied with the result 
obtained, and I went to Mr Price and told him so. I suggested 
the next time we should have a clean-up on the same basis as 
before. This time, instead of using the furnace of the Bonanza 
Company, the smelting was done entirely in the crucibles in our 
own furnace, and the extra gold recovered was not less than 4- per 
cent. Mr Tavener's figure of 1 per cent. was a very modest 
one. The cost would be about one-seventh of the existing method, 
and another advalltage is that the time is about one-fifth. I am 
sure the paper will give you all food for reflection. I think some of 
the members of the Society are even more timid than I am myself. 
They do not get up and make remarks, but if they will send in 
questions to the Society, the Council will answer them to the best 
of its ability at the next meeting. 

Mr A. F. Crosse-There is one point, I think, Mr Tavener has 
failed to notice, and where, I think, great advantage would be 
obtained by his process. I am of opinion that if yon melt gold with 
a volatile metal like zinc, the volatile metal is very apt to carry off 
the less volatile metal. It may go away in the air, and you do not get 
it in the by-products at all. In smelting it with lead it gets into the 
lead and eventually it is recovered. Supposing we take spirit and 
water. The alcohol, boiling at a much lower temperature than the 
water, carries off the water with it, and there is a loss of water. 
Zinc, which would volatilise at a temperature at which gold melts, 
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130 Consumption of Sulplz'ltnc Acid 

might carry off some of the precious metal in such a way, and it is 
entirely lost. Therefore I think this method of Mr Tavener's 
deserves every attention we can possibly give to it, and this vola
tilisation of gold may explain the difference obtained by the old 
process and the process which he has so ably put before us. 

DISOUSSION AT NOVEMBER MEETING, 1902 

Mr D. J. vYilliams-These notes have been prepared by me since 
our last meeting, and although on the receipt of the Jou1"1wl last 
night I found that under certain conditions Mr Tavener admits the 
possible advantages of treatment by sulphuric acid prior to smelt
ing, I think they may prove of some interest to the members. I 
have no doubt that Mr Tavener's process is destined to become the 
one in use on these fields ere many months are over. Undoubtedly, 
collecting the gold and silver in lead, and then cupelling, is the 
ideal way of conducting the operation. But though agreeing with 
Mr Tavener on the main points, I think that the details of the 
process are yet open to further experiment, which I sincerely hope 
will be carried out, in order to prove whether each step, as described 
by him, is the most economical. 

Mr Tavener has made a good deal of the consumption of sulphuric 
acid, and quite rightly. As we know, the cyanide manager has no 
definite rule to guide him as to the quantity of acid required for 
the solution of the zinc. Sulphuric acid costs 3td. per lb. ; and I 
would ask, why use this acid when we can get its equivalent at a 
much lower cost in nitre cake 1 This by-product of the dynamitc 
factory can be obtained at the price of £2, lOs. per ton, and contains 
over 30 per cent. of free sulphuric acid. A comparison of the cost 
of sulphuric acid (H2S04) and nitre cake (NaHS04), leads us to 
interesting conclusions. To obtain 2000 Ibs. of free acid by using 
the nitre cake, we should require 6666 Ibs. of the salt, which at 
£2, lOs. per ton equals £S, 6s. Sd. Using H 2S04, 2000 Ibs. of acid 
at 3id. per lb. equals £31, 5s., thus giving us a difference of £22, 
18s. 4d. per tOll. Below I have shown the cost of sulphuric acid 
per oz. of bullion from a well-known mine for a period of six 
months; also the probable comparative cost, had the nitre cake 
been used during the period in question. 
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Object£ons to Direct Smelting of Zinc 13 [ 
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-----
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August . 
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Ul 

---
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1544 
1060 
1160 
2220 

------- 9 148 9344 
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TABLE A 
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:. ....,~ .p 0 

Z ..., 
"' 0 

0 
--------

Lbs. D. 

5,200 5,850 
6,000 6,750 
5,146 5,790 
3,533 3,975 
3,867 4,353 
7,400 8,32:3 

--------
31,146 35,040 

5,121 5,840 

-
I 

" .~ 'H 'H 

" 8 0 " 0 N 
'" ~N .p ~N . 0 z,,; ~o § zo.,; ... 

" ....,-'< ;:::l ~.,..; ... 0 

"" o d rn<D~ t: ~;:: 
.pO t:~2 b.O 

~~..5 c 
"' .;;: 
0 ...,.~ 

88 0 en " d 8<11 Ul 

------------
D. D. D. D. 

1560 3'98 1'06 2'92 
1800 5'57 1'49 3'08 
154.4 4'76 1"27 2'49 
1060 2'65 '71 2'94 
1160 2'41 '64 1'77 
2220 4'25 H:2 3'13 
------------
9344 23'62 6'29 

1557 3'94 1'35 2'89 

No doubt you are wondering at this apparent straying from 
the point; but I have introduced these calculations to'lead up to 
my contention, that though good results have been obtained by Mr 
Tavener by smelting the zinc direct, far better results would be 
obtained if the zinc were first eliminated by acid, and the residue 
washed, passed through the filter press, and then smelted by the 
lcad process. 

I shall merely enumerate somc objections to the direct smelting 
of the zinc :-

(n) A good deal of experience is required to handle zinc 
in a furnace. Hoffman in his text-book, "Thc Mctal
lurgy of Lead," pagc 146, says: "Zinc is the metal that 
causes the grcatest difficulty in the blast furnace, in what
ever form it may occur." True, Professor Hoff'man refcrs 
to blast furnace smelting; hut we can apply the same 
remark when dealing with zinc in a pan furnace. V{hen 
we consider that the work has to be performed hy men 
that have hac! practically no experience in this elass of 
smelting, it hecomes obvious that serious accidents are 
liable to occur, which might for a few years neutralise the 
extra percentage of recovery mentioned by Mr Tavener. 

(b) We must remember that this process is not one of oxida-
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132 Handling of Zinc in the Furnace 

tion, but the zinc must be fluxed. If oxidation sets in, 
then I maintain there will be loss of gold and silver. 
T. K. Rose, in his "Metallurgy of Gold," page 454, 
says: "Oxide of zinc does not form a fusible mixture 
with litharge, and the slag is only rendered pasty by 
borax, unless it is added in large quantities. Gold is lost 
by volatilisation, but the loss is minimised by slagging off 
the zinc as rapidly as possible. Use fifteen to twenty 
parts of lead and two to three parts of borax, added little 
by little, until the slag is fluid." 

(c) Before all the zinc is fluxed, I should imagine that some 
would float on the surface of the molten mass, and carry 
by far the greater part of the gold and silver, as in Parkes' 
process of de-silverising and de-a uri sing lead bullion. If 
the zinc is allowed to oxidise or burn, undoubtedly there 
will be great loss by volatilisation. Even in doing an 
ordinary scorification assay, it is difficult to prevent the 
zinc from burning. 

Mr Tavener's process can be best understood by comparing it to 
a scorification assay with zinc present, and we know what an 
awkward assay this is to perform, to obtain accurate results. I 
carried out some experiments on loss by volatilisation in scorifica
tion at the Norse Deep; but before producing them I should like 
to obtain some more results. 

Professor H. van Furman in his" Manual of Practical Assaying," 
page 392, says: "In the following experiments the charges were 
scorified previous to cupellation, the buttons, after scorification, 
weighing from 5 to 6 grammes." Practically what Mr Tavener does. 

TABLE B 

Experiment L 400 parts of Zinc were added 

"" 
... roci ... ci ... ... ~ ri 
" " 0 

~g .. "" " 0 EbD ~~ 0 
H ,;::ci s~ ~'.;j ..... c 

<"l " 
H 

0 
!S~ 

w" S..., ~~ ro:;:;: "",'.;j ~ ~ Z ","'I """ "" ... " ... ... ..., ...,,, ,,"" '00.. ~" " '" "" 
... 

'" 
... ..., ... '" c3il< :;::il< " il< " 0" 0" w '0 .!: il< H Q C!J W 

---- ---

I 3'9 314'6 14'4 308'9 3'7 305'2 5'13 2'98 
2 3·7 315'8 14'4 311'4 3'5 307'9 5'4 2'50 

These experiments, gentlemen, I think, are sufficient to prove, 
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Zi1ZC and Volatilisation of Gold 133 

that before this process is adopted, it would be even advisable to 
appoint a committee from members of this Society to decide 
what the loss by volatilisation is, when smelting our zinc slimes 
direct. 

This loss may be avoided in the following way: If the zinc were 
first dissolved, the gold slimes properly washed and passed through 
a filter press, the result would be a clean product, the smelting of 
which can be compared to an ordinary assay, and carried out with 
the greatest ease. No calcining, of course, is required j and this, I 
think, has been the biggest source of our loss in the past. The 
furnace may be built so as to include an average smelt in one 
charge, which will do away with the necessity of refilling the 
furnace. Judging from the analogy of scorifying a product con
taining zinc, and a scorification assay of the same after eliminating 
the zinc, one would suppose that the dry operation, carried out as 
I suggest, would be complete in about half the time occupied when 
the zinc is undissolved. 

I have not taken into consideration the time occupied in dissolving 
out the zinc, as I maintain this to be necessary for the successful 
treatment of the slimes. 

The advantages apparently attached to the preliminary elimina
tion of the zinc are as follows :-

(a) Less bulk to handle. 
(b) No base metals in the pan furnace j hence cleaner lead 

bullion to cupel. Cupellation is not by any means as easy 
as we have been led to suppose, but requires a good deal 
of experience. 

(c) Less tendency to loss by volatilisation, no zinc being 
present. 

(d) Saving of the by-product zinc sulphate (ZnS04), which, up 
to the present time, has been considered a waste material, 
and has been thrown away as such. By the simplest of 
treatments, however, it may be converted into a valuable 
product, which I propose to use 

(1) As a disinfectant. 
(2) For burnettising timber. 

The liquor remaining after the gold slimes have settled down, 
contains zinc sulphate, according to the equation 

Zn + H2S04 = ZnS04 + H2• 

1 t is this liquor that I propose to utilise. Instead of running it to 
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134 Burnett's D£s£uject£ng Flu£d 

waste, it is collcctcd in another vat, and sufficient 
added to convert the zinc sulphate into zinc chloride. 
ing equation represents what takes place :-

common salt 
The follow-

ZnS04 + 
(zinc sulphate) 

2NaCl 
(salt) 

ZnC1 2 

(zinc chloridc) 
+ Na2SO, 

(sodium sulphate) 

The sodium sulphate is deposited in thc form of crystals, leaving 
the zinc chloride in solution. It is advisable to throw into the vat, 
previous to adding the salt, waste chips of zinc or linings of old 
cyanide cases, as there must not be prcscnt an excess of acid, or 
chlorinc is evolved. 

The product is now zinc chloride, known in commerce as Burnett's 
Disinfecting Fluid, having been discovcred by Sir William Burnett, 
M.D .. in 1838. It is capable of absorbing sulphuretted hydrogen 
(H2S), ammonia (NH3) and other offensivc products of putrefaction, 
as well as of arresting the decomposition of wood and animal 
matter. 

The following account of it, from the British Pharmacopceia, will 
suffice: "Zinc chloride (ZnCl 2) is a powerful caustic, antiseptic, 
and antiputrescent. The liquor, or an impure solution, known as 
Sir "V. Burnett's Disinfecting Fluid, is a powerful deodorising 
antiseptic solution; it is odourless, and specially useful for dis
infecting the utensils, etc., in the sick room of fever patients. It 
quickly permeates or disintegrates all organic matter with which 
it comes in contact." 

I suggest that it be used in the fluid state in our latrines on the 
surface; but as underground sanitation is going to be an important 
question in the near future, the solution can be mixed with clay, 
ashes, or some other absorbent, so that it call be used in the form 
of a powder. 

The value of zinc chloride as a prescrver of wood is so well 
known that I need not enlarge on this point. 

The high price of zinc and of sulphuric acid is sufficient to show 
what a valuable asset has been thrown away on these fields for 
years past. Now, every company can manufacture sufficient dis
infectant for its own use at a merely nominal cost, in the place of 
spending a not inconsiderable sum for disinfectants. 

Referring to Tahle A, we obtain the following :-

Average monthly cost of sulphuric acid 
" " "had nitre .cake been used 

Saving by using nitre cake 

£24 6 6 
697 

£17 16 11 
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Smeltzng of 2£nc Sl£mes 135 

Now, assuming that £10 per month is a fair average of the 
present cost of disinfectants, which, howcver, by no means covers 
the needs of the mine, it is allowablc to value this product at 
the same SUllo Moreover, the quantity of disinfectant produced 
will be amply sufficient for extended sanitation. 

Hence we arrive at the following data :-

(n) Average monthly cost of sulphuric acid £24 6 6 
Less value of disinfectants obtain cd by using 

this acid 10 0 0 
-----

Net cost of treating with acid £14 6 6 
or 2·25d. per oz. obtained. 

(b) Average monthly cost of nitre cake £6 9 7 
Less value of disinfectant, as above 10 0 0 

Showing a profit of £3 10 5 
or ·55d. per oz. 

Mr E. Smart-I want to point out one fact. In Australia 
acid treatment is very dangerous, and in that case Mr Tavener's 
treatment will be even more valuable than here. Two years ago 
in London he told me he preferred to smelt zinc slime and cupel it 
in the samc furnace. 

Mr P. S. Tavener-At the time Mr Smart refers to I was in 
hope I should be able to smelt in a small furnace, designed on 
the same principle as the cupellation furnace, smelting in a mov· 
able pan, fitted in the same way that the test is fitted to the 
cupellation furnace. In this I should have been able to have 
smelted so that the resulting lead bullion carried from 40 to 50 
per cent. fine gold; this, of course, would have meant but little 
lead bullion to cupel, and I designed a furnace for this purpose, 
making a pan by filling with ground assay crucibles and binding 
with fire-clay, beating in in the same manner that the cupel is made, 
or making filling with bone-ash; and after the slag had been run oft: 
to continne and cupel in one operation, or, in the former case, to tap 
off the lead and put in place of the pan a test and cupel in the 
furnace. I was also at that time considering whether it would not 
be necessary to acid treat previous to smelting; the result of this 
would have decreased the bulk of precipitate. 

At the Bonanza I have used a furnace of this description, and 
smelted acid-treated slime with litharge, and I can say that for a small 
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136 Acid-treated Slimes and Loss of Gold 

mine, producing, say, bOO to 600 ozs. monthly, with preliminary 
acid treatment, such a furnace would be admirably suitable. 

I abandoned the scheme on account of the great bulk of pre
cipitate we have to smelt, and also as I was desirous of doing away 
with acid treatment; the result was that the reverberatory furnace 
was found necessary to handle this large bulk. 

As an example, I may mention the Simmer and Jack, when in 
full work, will turn out 10,000 ozs. of gold monthly. Without 
acid treatment this meallS 5 tons of precipitate to smelt. It is 
obvious, therefore, that a large furnace is necessary for such a 
quantity. 

~When smelting in the reverberatory furnace it is not practicable 
to make the lead bullion carry, say, 25 per cent. fine gold, for the 
reason that the pan of the furnace gets saturated with the lead, and 
were it so rich as 25 per cent., it would mean a considerable amount 
of gold locked up in this manner. It is for this reason I state that it 
is not advisable to enrich the lead more than 10 per cent. fine gold. 

Further, experience has no doubt taught us all that if acid 
treatment can be avoided with safety, for economy and convenience 
it is desirable to do so; therefore, in clealling up I bear this in 
mind, and take as little fine zinc as possible. 

The President-I am sure several gentlemen have got some 
figures to bring forward. Will Mr Parkes give us his figures on 
calcination and non-calcination. 

Mr T. E. S. Parkes-The only figures I have are simply from 
one test I made. I found that uncalcined gave me about 2 per 
cent. more gold than calcined. 

The President-May I ask if the un calcined slimes were treated 
by the acid or not? 

Mr T. E. S. Parkes-They were both treated by acid. 
The Presidcnt-I would offer a suggestion to some members of 

the Society to try and find out whether the fact of acid treatment 
is very much responsible for the apparent large loss of gold we 
have had in the past. I might tell you of one or two experiments 
I had carefully done before. Both halves were treated by acid, 
one half treated in the ordinary way, that is with calcination. In 
both these cases, where calcination was used after acid treatment, 
we had a minus in gold of about 3 per cent. I really cannot 
explain it myself, but perhaps some of you will be able to give 
more time and chemical knowledge to it than I can. I am sure 
Mr D. J. Williams will manage to get a little time and give us 
the results of his experience at the next meeting. 
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Acid-treated Slimes and Loss of Goldl 37 

Mr D. J. Williams-I would like to know what is the loss by 
volatilisation. 

Mr P. S. Tavener-In reply to Mr D. J. Williams I shall be 
smelting next Tuesday, and should be pleased if he would find time 
to come out and see the operation carried through. This, I think 
would be more satisfactory, for I am sure he will be surprised to 
find that no zinc can be seen burning off. He may, therefore, 
change his opinion. 

The President-If you had not calcination and acid treatment, in 
many of our mines you would get such a large percentage of gold in 
the matte. In one smelt we made we had 60 per cent. of copper in 
the matte, and that matte, after being treated twice carcfully with 
lead, still carried 1·3 per cent. of gold and silver. What I want to 
emphasise is this. If the acid treatment brings about a loss, then, 
I say, do away with the acid treatment. 

Mr 'V. K. Betty-I think there are losses even in acid treat
ment. The danger of acid treatment is also very great indeed. At 
the Crown Deep I had four people laid out on the floor, and I 
thought they were dead. I think thc sooner we get away from 
acid treatment the better. To run away with the idea that there 
is no loss in that treatment is, I think, a mistake. I have never 
seen any solution that did not carry gold. I have known the liquor 
leaving the filter press after acid treatment go as high as 55 dwts., 
which is a matter that, I think, all cyanide managers should look to, 
as it may happen to anyone at any time. 

Mr D. J. Williams-Let us get the best process. In the few 
notes I read I said it would be advisable to have a vat to collect any 
slimes that might accidentally flow over. I say it will amply repay 
many of the companies to have an extra vat. 'Vhat I want to get 
at is this. I want to get the loss by volatilisation when smelting 
the zinc direct. But if you do away with zinc first you do away 
with the chance of the gold being lost. 

The President--Mr Williams, might I offer as a suggestion that 
gold lost by taking out the plug is not necessarily gold carried in 
suspension. Is it not possible that gold is caried in acid cyanide 
solution. I think you recognise the possibility of acid cyanide 
solution dissolving gold. 

Mr F. Smith-I think it would be of interest if Mr Williams 
would go into the question as to the value of gold dissolved by acid, 
whether it would equal or supersede the amount or value of zinc 
chloride. 

The President--I am sure there are a great many gentlemen 
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Loss of Gold by Volatilisation 

anxious to give their views, and I should like as full a debate on 
this paper as we possibly can. It is one of the papers of the 
greatest interest to the mining industry we have had before us for 
a long time. I will make a few remarks on it myself at a future 
meoting. If members cannot come to the next meeting, I would 
suggest they should send to the Secretary, and get their article 
reac1. I would point out to Mr 'lVilliams that it is admitted there 
are large losses through the volatilisation of zinc, but the losses are 
very considerably less than by the treatment by sulphuric acid 
calcined and crucible smelting. 

Mr D. J. Williams-Exactly. I made that point clear by saying 
I want Mr Tavener's process of smelting, but acid treat first. 
Until we arrive at what the loss is by volatilisation we cannot 
decide. 

The President-The only point is, Mr Williams, that nearly all 
the experiments have been done on a small scale. It would be 
possible when we have a furnace erected to divide the" clean-up" 
into two halves. Then we may be able to put the figures 
before you. 

Mr D. J. 'lVilliams-I should say that there would be a bigger 
loss on a large scale than on a small scale. 

The President-Of course the point arises here; in the ordinary 
way of making a scorification assay you put it into a hot furnace. 

Mr D. J. 'Villiams-That is the best way, but I started with a 
cold muffle. 

The President-Mr Tavener made the 'point of putting up a cold 
furnace, and getting the zinc oxidised. 

Mr D. J. Williams-It must be fluxed. 
The President-Oxidisedzinc goes into the scoria very rapidly. 
Mr G. Andreoli-Does Mr 'Villiams want the whole "clean-up" 

treated with acid ~ 
Mr D. J. Williams-I want the whole lot. I would like as niuch 

zinc sulphate as I call get, as well as all the gold. 

DISOUSSION AT DEOEJ\'IBER MEETING, 1902 

Mr C. H. Pead-With regard to Mr Tavener's paper, I note that 
for the lead smelting method he claims to have obtained improve
ment over existing methods under four heads, namely :-

(1) Saving in cost of smelting. 
(2) No by-products. 
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Cost of Smelting 

(3) Less liability to loss in handling. 
(4) More gold actually obtained, as shown by reliable 

practical comparative tests. 

139 

Beginning with the first claim, I find ovcr a period of seven 
months (March to October, 1902), for the Driefontein Consolidated 
Mines, Ltd.; of seven months (Marc~ to October, 1902), for the 
Angelo Gold Mines, Ltd.; and of five months (June to October, 
1902), for the New Comet Gold Mining Company, Ltd., the average 
cost for smelting (exclusive of labour) was 2·68d. per oz. of fine gold 
obtained (I exclude labour, as Mr Tavener has done so). Mr 
Tavener gives us the cost for four months' smelting at the Bonanza 
Gold Mining Company, Ltd., at an avcrage of 2·837d. per oz. of 
fine gold obtained. These figures show slightly in favour of the 
present method of smelting; and for pUl'poses of comparison I 
think Mr Tavener cannot legitimately claim that chemicals cost 
him practically nothing, since there is a limit to assay slags, and 
accumulations of slags, from present methods. If assay slags 
hitherto destroyed are now to become of value, they are worth to 
the cyanidc works just what they would fetch in the market, and 
will no doubt have to be paid for by one department to the other. 
Eventually the chemicals used in the lead smelting method must 
cost just what is necessary to melt the zinc-gold slimes, and such 
cost should be included in any comparison with the cost of present 
methods. 

Again, when Mr Tavener uses old accumulated slags worth at 
the rato of 65s. per oz. of their gold contents, he must debit the 

. quantity used against the gold resulting from the melt. 
Turning to by-products, I readily admit that their total elimina

tion is much to be desired, and will be a distinct advantage; but is 
it certain there is no by-product from the lead smelting method ~ 
I see in the tests run at the Village Main Heef Gold Mining Com
pany, Ltd., that 630 Ibs. of slag are shown as resulting from the 
lead smelt of value 1'25 ozs. per ton. If this value is spread evenly 
through the bulk it is practically impossible to recover, and every 
ounce so lost is a loss to the works of 65s., which is the price to be 
obtained by the present method. 

Mr Tavener calculates on 1 per cent. of gold being at present 
retained in by-products. I find my slags contain an average of 1'31 
per cent. of the total gold, but by further treatment I recover 69 
per cent. of this amount, so that the actual value of the by-product 
is reduced to 0'41 per cent. of total gold. 
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C onzparative Trials 

The next claim is not so apparent to me, as I do not admit loss 
in handling, nor do I decant acid solutions and incur loss thereby; 
I filter them. A possible loss in calcining I believe is not unlikely, 
but it is, I think, as yet unproven. On the other hand, it seems to 
me that to melt a product containing zinc and gold under the same 
conditions as in making a scorification ass~y, that is to say, on an 
open hearth, is inviting loss of gold. It is only the favourable 
results obtained by Mr Tavener, and quoted in his paper, that enable 
me to consider such a method as practicable. 

On the last point I have but little to say. If anyone can show 
me how to obtain 1 per cent. more gold than by our present method, 
I shall gladly follow his directions; and as our President, Mr J. R. 
Williams, has explaincd that Mr Tavcner's claim of 1 per cent. 
improvement is a very modest one and that we may look for some
thing much higher, I can only congratulate the latter gentleman most 
heartily on having introduced one of the most important reforms in 
our method of treatment that has been laid before us of late years. 

Mr Tavener has given the cost of the acid treatment at 6d. per 
fine oz. of gold recovercd. I find that over a lengthy period this 
has cost me 2'57d.'per fine oz. I have shown above that the cost 
of melting is 2'68d. per fine oz" and .this makes a total of 5·25d. 
per fine oz. for the whole operation, instead of Is. as stated. 
Sulphuric acid I have taken at 4d. per lb., because that is what it 
costs me landed at the works. These figures reduce some of the 
advantage claimed for the lead smelting process. 

I should like to 'ask Mr Tavener the following questions :-
In his comparative table of the first Crown Deep trial given in 

his paper, from equal weights treated there is a difference of roughly 
77 ozs. in favour of the new method! Are we to suppose this 
difference to be due to the method adopted ~ If only 1 per cent. 
improvement is claimed, may I point out that had the richer section 
of slimes been treated by present method instead of by the new one, 
it would reduce the cost per oz. from Is. Id. to lld. I wish by 
this to show how easily a considerable difference may occur through 
unnoticed inequalities of conditions. 

Turning to the trials at the Village Main Reef Gold Mining 
Company, Ltd., with the result in favour of the new method of 
11 per cent. and 10 per cent. respectively. Does Mr Tavener ask us 
to seriously consider the probability of our having in the past lost 
10 per cent. of our total gold by some at present unexplained means; 
if not, to what does he attribute the discrepancy in the figures 
between the 1 per cent. claimed by himself or the 4 per cent. men-
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A dvaniage of Lead Tr~atment 

tioned by Mr J. R. Williams, and the 10 per cent. shown by the 
trials quoted. 

I have looked through the figures given in Mr Tavener's paper 
for an allowance for the gold added in fluxing for the lead process, 
but find none noted. I see that it is claimed that old slags, sweep
ings, scalings from pots, etc., are' run down as fluxes for the zinc
gold slimes! How much of the discrepancy between 4 per cent. 
and 10 per cent. can be accounted for by this, and will it amount to 
anything considerable. For instance, in the second trial at the 
Village Main Reef Gold Mining Company, Ltd., 700 Ibs. of slag 
contained llO ozs. of gold, and naturally if Mr Tavener used the 
slag for a melt he would expect to get 110 ozs. of gold in excess, 
but I presume this 700 Ibs. would be used in such proportion that 
it would do for about 3000 Ibs. of gold slimes. 

In conclusion, I beg to apologise to Mr Tavener for the critical 
attitude in which I have approached the subject of his paper, and 
have done so because i believe his method may, before long, be 
adopted, since there is so much to be said in its favour, and it is 
therefore most necessary for us to know exactly how we stand at 
present, and what improvement we may confidently anticipate. 

Mr W. A. Caldecott-In the reply to the discussion on the recent 
paper by Mr E. H. Johnson and myself, I have already expressed 
my views as to the merits .. of Mr Tavener's method, and con
gratulated him on its prospects. As Mr Tavener remarks, it is 
practically a magnified assay, and we know assays usually account 
for as much or more gold than can be got in any other way. 

Mr Tavener pointed out in his paper that the main item of 
cost saved by his method was dispensing with acid treatment, 
which constitutes at least half the present expense of converting 
zinc-gold slimes into bullion. This advantage seems a very great 
one, both on the score of cost, saving of time, and avoidance of an 
additional operation. If slimes have to be acid treated and a 
product approximating amalgam in value obtained, the arguments 
against direct smelting into gold bullion lose much of their weight. 
Even if, as I anticipate, additional fluxes beyond assay slag (after 
the limited stock of crucible slag is exhausted) are required in 
the lead smelting of zinc-gold slimes, the advantage still seems in 
its favour. The conversion of any percentage of zinc in the 
ordinary zinc-gold slimes into a fusible slag is merely a question of 
fluxing; and from a financial standpoint, it is better to spend even 
twopence per ounce of bullion on fluxes than a penny per ton of 
ore in acid treatment, or a penny per ton of ore on extra cyanide 
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142 Nitre Cake and Cost of Extraction 

in order to reduce the amount of fine zinc in the boxes. In other 
words, the question of clean-up costs must be considered as a whole, 
and the strength of the cyanide solution passing through the boxes 
may affect them materially. ""Yith regard to the precise flux desir
able, probably boric oxide (vide page 49) would be a main ingredient, 
as it yields a fusible slag with zinc oxide, unlike the zinc silicate 
blast furnace product. 

From my experience of the trial Mr Tavener was good enough 
to run for us at the Simmer and Jack, I can endorse what he 
suggested as to the advantages of briquettes. Briquettes, made 
by hand from the moist fluxed gold slimes with a little binding 
material, and thoroughly dried and heated beforehand, fused 
rapidly and quietly on the molten furnace bath. There bcing no 
contained moisture, there was no tendency to dusting or cxplosion, 
nor any expenditure of time or heat in driving moisture oft'. 

Mr Tavene!"s reference to Mr Gaze's suggestion of cleansing zinc 
with dilute acid (see Gaze's "Practical Cyanide Operations ") is 
interesting, and it is to be hoped he will develop it, as I am not 
aware that it is locally practised on a working scale. 

Mr A. F. Crosse-There is one thing I would like to ask Mr 
Tavener to reply to, and that is, will he give us a few analyses of 
the material he is treating, an analysis of the base bullion he 
obtains, and an analysis of the slag. , These analyses would go a 
great deal to elucidate and explain the whole operation, and would 
be of g~eat value to the Society. 

Mr ·W. Cullen-I must say I have read the paper and followed 
the discussions on the various points, I cannot say with expert 
knowledge, but at least with great interest. 'Yhat struck me 
particularly was the point of view elucidated by onc of the speakers 
at the last meeting-Mr D. J. Williams-with refcrence to the use 
of bisulphate of soda, proving the saving it would effect in thc cost 
of extraction. It would appear to me that perhaps the raison cl'etrc 
for the adoption of Mr Tavener's process is one of cost. I cannot 
claim to have expert views on the subject, but in view of the paper 
I read here I would like to know how many have tried the use of 
bisulphates. I mentioned specifically that the present plant in use 
at most of the mines would do quite well for the use of bisulphates 
as against sulphuric acid at present in use. 'Ye are all anxious in 
this community to reduce the cost, and I would suggest that 
cyanide managers and responsible chemists should give this a 
serious trial and see to what extent they can reduce the cost of 
extraction. I have had some experiments made herc myself, and 
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Trials itt Smeltittg Gold Slimes 

they have turned out satisfactorily. If anyone is very anxious, the 
cost of bisulphates need not trouble them. That will be provided 
quite free. 

DISCUSSION AT JANUARY MEETING, 1903 

Mr H. Meyer-In rising to make a few remarks on Mr 
Tavener's process of smelting gold slimes, I do so, firstly, because 
I am one of the few who have had any practical experience with its 
working, and, secondly, because I was intimately connected with 
the trials that have caused its adoption to-day by many leading 
companies on these fields. 

To my knowledge Mr Tavener has been running his process on 
the Bonanza, Ltd., for a considerable pcriod. His neighbours had 
access to his works, and recognising the advantage of the process, 
succeeded in obtaining an accurate and careful trial. Before pro
ceeding any further, I should like to most emphatically refute the 
allegations made before this Society. No doubt it will suffice for 
me to say that the material operated on was divided into portions 
representing as nearly as possible equal gold amounts, and no step 
was omitted to ensure this. In the first test on the Crown Deep, 
trials were made to obtain the most suitable flux for smelting these 
products in pots in a reverberatory furnace. The flux having been 
decided on, the smelt was conducted under the most favourable 
circumstances in new clean pots, the gold in bars and slags being 
afterwards determined. The Bonanza, Ltd., bought the lead 
bullion resulting from their smelt at its assay value, and assays 
were made of the resulting slags, thereby determining the total 
gold contents. The result showed as Mr Tavener has placed it 
before you. I may state that the Bonanza furnace was thoroughly 
washed out with clean lead before the Crown Deep slimes were 
introduced. 

The result of the above trial was, however, not entirely sufficient 
to warrant abandonment of old methods. A further trial was 
instituted, the difference being that instead of smelting in the 
Bonanza furnaces, the slimes were melted with litharge and clean 
slag in graphite pots in our own reverberatory furnace, the resulting 
buttons of lead being run down in a kettle and ladled into pigs. 
The figures obtained from this final test caused thc immediate 
demolition of our reverberatory furnace, and the work was taken 
in hand to build furnaces of the design already placed before you 
by Mr Tavener. 

These operations were carried out under the direction of metal-
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144 Value of Gold in Slags 

lurgists representing the largest mining interests on these fields; 
and seeing that the process was adopted even in its present imperfect 
stage, it will be elear to you all that no "fudging" was necessary. 

The question of acid treatment is a most important point, and 
will possibly be the most valuable part of the process to discuss. 
It is no doubt true, that the smaller percentage of zinc compounds 
present in the material to be smelted, the lower will be the value 
of your resulting slag. I, however, do not agree that the zinc causes 
direct losses of gold, as I consider that by the time the zinc reaches 
smelting heat it has undergone oxidation in various stages. The 
point is somewhat analogous to smelting uncalcined gold slimes by 
the old method. It is quite possible, but in no way as convenient 
as having a highlJoxidised product for treatment. Zinc may also 
be reduced in a more scientific and accurate manner than hitherto 
has been in vogue on these fields. 

Smelting on the Crown Deep with a "green" furnace and 'a 
rather too short stack, the slags have averaged 6 ozs. per ton, but 
have gone up to ] 7. It may interest you to know that this] 7-oz. 
slag, together with a large bulk of white precipitate from slimes 
boxes, ground pots, sweepings, anode platings were smelted together 
there, the slag ensuing from the operation being worth 1 oz. 17 dwts. 
12 grs. per ton, and a largc amount of lead was reduced from the 
slag through the agency of the ground graphite pots.' 

However, it is worth regarding the possibility of an accumulation 
of these slags worth up to 5 ozs. per ton. They contain not only 
gold, but lead. I venture therefore to suggest that before long a 
Pilz furnace will be erected in which these siliceous slags will be 
reduced and a poor lead bullion will be obtained. Contrary to the 
practice in customs works, this will not be enriched by the Parke's 
Process, but will be turned into litharge and used for subsequent 
smelts. 

I should like to submit a remark regarding cupellation. I may 
candidly tell you that our preliminary efforts at the Crown Deep 
were not by any means rosy. 'Ve took thc utmost care in making 
our "tests," but yet they did not seem to stand in anything like 
the manner which we chose to expect. However, we obtained 
a test made of good coarse bone-ash, and the result of working it 
was quite up to our most sanguine expectations. 

Mr J. Yates-I would like to have the last speaker's experience 
regarding difference in actual recovery between the old process and 
the new. Is he in a position to give figures 7 

Mr H. Meyer-The figures have becn already submitted by 
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Expert'ments t'n Sl£mes Smeltt'ng I45 

Mr Tavener. I have referred to the tests which have been made· 
since then we have not made any comparative tests j we considered 
the preliminary ones qnite snfficient. Since then we have been 
very thankful to get the gold we got out. 

Mr E. H. Johnson-I would like to ask Mr Pead if his cost of 
:2·68d. per oz. of fine gold included the acid. 

Mr J. Yates-It could not possibly do so. I think the lowest 
cost for acid is about :2td. That is my experience. The acid cost 
is about 50 per cent. of the total cost per fine oz. 

The President-I think Mr Pead afterwards explains himself. 
Mr E. H. Johnson-I find Mr Pead afterwards says: "I find 

that over a lengthy period this has cost me :2·57d. per fine oz. This 
makes a total of 5·25d. per fine oz. for the whole operation." In 
Mr Pead's case there was no slimc treatment included, which makes 
a very important· difference. It is the low grade slimes from the 
slime plant which enhance the acid cost. vVith regard to Mr Cullen's 
reference to the use of bisulphate, I do not know whether he is 
aware that bisulphate was used at the Rand Central Ore I"teduction 
'Yorks in 1897 for that same purpose, but it was not found very 
satisfactory. It requires a very much larger plant really to prevent 
the recrystallisation of the zinc and the zinc sulphate in the solution. 

The President-I would like to just tell you briefly what I have 
done myself in rcgard to some tests made. 

In the first place, the slimes in the ordinary way of clean-up were 
taken in a somewhat damp state, about the consistency bone-ash 
should be for making cupels, so that there should be no dusting j 
the slimes were passed through a comparatively fine screcn. 

This operation was repeated several times, after which it was 
quarter-sectioned in the ordinary way: the two portions from this 
quarter-sectioning being again subjected to the same operation. 
(Here the speaker illustrated his rcmarks with diagrams on the 
blackboard.) This I would consider with careful weighing gave a 
representative half to be tested by each method. The result of 
the first experiment was so astounding that I honestly could not 
believe the figures, although I was present the whole of the time. 
I told the manager of the Crown Deep that if he divided the 
difference by about three or four, I would be quite prepared to 
accept the figures, but the difference was rcally so great that I 
could not believe it. I therefore requestcd the manager to have 
another test made in the same way. In the second experiment, 
instead of using Mr Tavener's method, the clean-up was divided as 
in the first experiment, new crucibles being used throughout, so 
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146 Experiments in Slzme Smelting 

that it would be impossible to get contamination from the bed of 
the reverberatory furnace. I might point out that smelting with 
litharge in plumbago crucibles cannot be considered a favourable 
way of adopting the Tavener method, but even under these circum
stances the most careful testing resulted in 4'01 per cent. more 
gold being obtained. This decided me to adopt the process. ,Ve 
built a furnace on the Crown Deep, and the results so far have been 
satisfactory, considering we started with new plant, and compara
tively new hands-so much so that we are proposing, on the bulk of 
the mines with which I am connected, to adopt the process at ol~ce. 
I also had another experiment made at the Crown Deep. VI e 
divided another bulk of slimes in a most careful way. Both lots 
were acid treated in separate receptacles. The one half was smelted 
without any calcination, the other half-I won't call it calcined
was simply put in new iron trays, and heated to a dull redness. 
There was a difference of 3 per cent. in that experiment in favour of 
no calcination. I did not care very much about going on that one 
experiment. I had another made on the Jumpers Deep. They did 
not know my figures at the time. Their figures came out almost 
the same, 2'98 per cent. I then got the Geldenhuis Deep to make 
a test, the result of which you will find in the last JoumaZ. I 
think Mr Parkes said he got 2 or 3 per cent. more gold by non
calcination than by calcination. Then why calcine, you may ask? 
The trouble is, that on many -of our mines, if you do not calcine, on 
account of using the large amount of lead acetate we do on the 
slimes plant, and the zinc being transferred over to the sand boxes 
afterwards, a very heavy matte is formed, which is very rich in 
gold. If reduced with three or four times its weight of litharge, it 
still carries up to 1 to 3 per cent. of gold. Therefore non-calcina
tion, when you have acid treatment, is possible. Mr D. J. ,Villiams, 
Mr Pead, and one or two others, made remarks about the volatilisa
tion of zinc. No one who has watched the Tavener system, would 
compare it with ordinary scorification, in which the surface of the 
lead is kept exposed to an oxidising flame. In the Tavener system 
it is always thoroughly covcred with scoria before the zinc pre
cipitates are added. I have watched it more than once, and have 
absolutely failed to see that volatilisation of zinc. In the seven or 
eight experiments, according to the law of averages, you would expect 
that once, at all events, the T<wener process would havc produced 
lower results. 

Mr J. Yates-Do you thillk thcre is :.my danger of the fluxing of 
the zinc being incomplete 7 
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Cost of Extract£on and Sl£mes Plant 14'7 

The President-According to the laws of metallurgy, the more 
complex the slag is, the more fusible it will be. The last thing is 
to throw the reducing agent on the top of it. Any gold left in the 
scoria is reduced with the lead by this process. As far as I am con
cerned, the Tavener system is theoretically sound. It will be 
subject, very likely, to improvements here and there. I am not 
sure that we have the very best shape of furnace, but, taking it as 
it is, it is infinitely better than anything we have had before. 
There is one more point. With regard to the sulphuric acid treat
ment, Mr Pead has certainly got a very low cost in 2·6d. per oz. 
of gold recovered. I think our average is much nearer 6d. That 
might be attributcd to having a slime plant, but I know cases where 
they have no slime plant, and the cost is as high as 8d. From my 
own experience, the cost of the Tavener method is certainly about 
one-seventh of what the actual cost has been on our average mines. 
There is no secret at all about the method. "That we want is the 
best possible process. 

Mr .T. Yates-There is one point I would like to bring out and 
emphasise. Has Mr Tavener or yourself, in any of your experi
ments, obtained a less actual extraction by the Tavener process than 
the present one 7 

The President-Not in one single instance. 
Mr T. L. Oarter-I have no doubt the Tavener process will 

become universal on the Rand. There is one point I think he 
might refer to in his reply, and that is the question of a certain 
amount of danger to the men working at his process. The 
danger is very small, as wc know, but I knew a man once who 
worked in lead works for many years, and died from lead poisoning. 
It is a very painful diseasc indeed; I trust Mr Tavener in his reply 
will refer to it. One of the devices for protecting men as much as 
possible from this disease is the use of hoods, etc. It might be 
advisable to go into the subject of lead poisoning, as we have gone 
into the subject of cyanide poisoning. 

Mr G. Andreoli-Mr Tavener might also refer to the danger in 
using sulphuric acid. 

Mr E. H . .T ohnson-The danger in regard to lead poisoning is 
small. I would like to ask the President what he precisely means 
by calcining 7 He states that part of the material was calcined, 
and part was brought up to a red heat. 

The President-Part was smelted without calcination and the 
other brought up to a red heat without any stirring. I think 
Mr .T ohnson misunderstood me. 
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148 A dvantage for the Dry Assay 

Mr J. Yates-If we grant there is a 4 per cent. difference in 
actual recovery between the two methods, surely it is of sufficient 
importance to our industry to warrant investigations to find out 
where the loss occurs. w-ould it not be better if Mr Tavener could 
come forward and say, "There is a loss of so much compared with 
the old process, and that loss occurs in this way." At present we 
are rather puzzled; where does the loss occur? I don't think you 
would find many cyanide managers here who would admit a loss of 
4 per cent., or anything like it. 

The President-Of course experiments were only conducted on 
three different mines. I account for 3 out of the 4 per cent. by 
calcination after the acid treatment. It would appear to me that 
in the dissolving of zinc and thc other materials you have present, 
there is some compound of gold formed which is easily volatilised. 

Mr J. Yates-Then it devolves upon us, as the chemists and 
metallurgists of the Rand, to find out where that occurs. 

The President-I should be very pleased to try and do so if I 
could get a week's holiday. It is always admitted that the fire 
assay has given a higher result than any other known method. It 
appears to me that there is no difference at all between the Tavener 
method and an ordinary assay, except in thc matter of quantity. 

Mr J. Yates-I congratulate Mr Tavener on his work, but it 
still remains an open question where this loss occurs. 

Mr W. Cullen-It appears that Mr Yates and I are at onc on this 
point. I heartily endorse every word he has said. When I last 
spoke on this subject, I had this loss that Mr Yates refers to in my 
mind. If Mr Tavener brings forward a paper and shows you that 
he gets a gain of 4 per cent. in his dry assay, as compared with the 
old pr-ocess, surely to goodness there is some explanation for it. 
It is inconceivable to me-I am not speaking as an expert just 
now-why one process should have such an advantage over another 
without an explanation. Now, if there is a 4 per cent. advantage, we, 
as the Chemical, Metallurgical and Mining Society, ought to investi·, 
gate this point. Four per cent. on the total gold output amounts to a 
considerable sum per annum. 'Ve ought to appoint a committee to 
deal with this matter. I shall be very much disappointed if you 
practical men have not some explanation forthcoming. Perhaps 
Mr Tavener has some explanation up his sleeve. 

Mr J. Yates-There is really so much merit in the process, apart 
from any actual advantage in recovery, that there is all the more 
reason why we should get to the bottom of this matter. 

The President here drew diagrams 011 the blackboard of a furnace 
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Volatilisation of Gold 149 

with several crucibles, and a fiue and a stack, to show how gold was 
caught in the fiues, and continuing said: The other day we got 
about 50 ozs. of gold in a fiue. It is only fair to assume that for 
every 50 ozs. of gold you get in a fiue, there are many 50 ozs. go up 
the stack. I think that volatilisation takes place during the time 
the gold is melting. In one case we got 200 ozs. out of a fiue. 
The reason for extending the fiue so much was that we got a better 
chance of catching the gold. 

Mr H. Meyer-One speaker mentioned that the chief advantage 
was the difference in the cost of sulphuric acid. This, to my mind, 
is absolut.ely unimportant, because it is not at all unlikely that 
sulphuric acid will be brought into the Tavener process. . The 
difference in the cost comes in more in the actual method of 
smelting than in the preliminary treatment. Mr Carter mentioned 
the question of lead poisoning. This, I believe, is entirely a matter 
of the construction of the furnace. Lead fumes in the smelting 
room may be obviated by the use of a hood over the smelting door. 
Again, Mr Williams mentioned the gold found in the flue. It is 
well known that in all large lead works they have miles of fiues 
even for the treatment of silicates of lead and other lead compounds, 
in which they are found to catch a large amount of lead. Whether 
the proportion is great enough to ,,'arrant the adoption of sueh a 
thing in our present method of smelting gold I do not know. 
Smelting twice a month probably would not warrant putting in 
miles of fiues to catch a small amount of lead fumes, and the amount 
of gold they would contain. 

Mr J. Yates-I do not think the danger of 
urged as a weighty objection to the process. 
of detail. 

lead poisoning can be 
It is merely a matter 

Mr W. Cullen-I have just been estimating roughly what the sav
ing would be on the basis of a 4 per cent. plus extraction. Apart 
from incidental costs, cheaper treatment, and so on, it amounts to 
very nearly a million per annum on the total output of the Rand. 

The President-I think you will find that on the basis of 6000 
stamps it is about a quarter of a million. 

Mr W. Cullen-Even that is very considerable. I propose that 
a committee be appointed to investigate the matter. 

Mr E. H. Johnson-I would suggest that Mr Cullen be one of 
that committee. He would then have some conception of what it 
means in the way of work. I do not think it is possible to get a 
committee to actually determine that question. The only basis yon 
can actually go on is the divergence between the theoretical and 
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IS° Volat£lisation Of Gold 

the actual on thc assay basis. That has, I believe, been found 
to be :2 per cent. I think in this particular case the loss is 
somewhat excessive, probably on account of the small nature of 
the experiment. 

The President-I do not think that nearly 2000 ozs. of gold is 
a very small amount to handle. I do not admit the difference 
between theoretical and actual extraction of 2 per cent. It depends 
what is called a ton. 

Mr F. Alexander-Mr Crosse once pointed out that gold was lost 
even in his own laboratory at the hank when dealing with hullion. 
That being the casc, we certainly might expect losses in gold slimes 
passing through a mUll bel' of crucibles. I believe that the principal 
loss of gold in smelting occurs in our furnaces, and then it goes 
right away up the flue. I also think that some loss probably occurs 
with the sulphuric acid treatment. I think that in a large plant 
where you have sulphuric acid tubs, gold is carried into the extreme 
limits inside the building, where certainly no dusting could occur. 
I believe some of this gold is carried off by the fumes from the 
sulphuric acid tubs, whereas other gold is lost through smelting, as 
Mr Crosse has already pointed out. 

Mr A. E. Praetorius-I quite agree with Mr Alexander with 
regard to the loss of zinc by acid treatment. Bubbles form, and when 
they burst I believe they carry a certain amount of gold with them. 

The President-Dr Moil', do you think it possible that a salt· of 
gold could be formed, which might be volatile at red heat? Do you 
think it possihle, that in using the sulphuric acid there would be a 
compound left which might cause gold to be volatile? 

Dr J. Moir-I do not think it is very likely. I think that all the 
known salts of gold are decomposed by heat. Probably the true 
explanation is that the loss is due simply to volatilisation. 

The President-To try to carry out the suggestion of Mr Yates 
and Mr Cullen, I will endeavour to design some form of apparatus 
to catch such gold as escapes through the flues from the furnace, 
and see what result I can get. I will try and have the result ready 
for an early meeting. 

Mr J. Yates-I think you might do the same with the sulphuric 
acid, catch what comes through the flue and pass it through some 
condenser. 

REPLY TO DISCUSSION (JANUARY lIiEETING, 1903) 

Mr P. S. Tavener-Mr D. J. ~Williams raises an objection to 
smelting without previous acid treatment. I expected this point 
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Add Treatment of Slz"mes 

to be discussed, and I stated in my paper that in many cases it 
would be desirable. 

My paper was merely a description of the method as carried out 
on the Bonanza, and many points were left out as I knew they 
would be brought forward in the discussion. 

My experience on the Bonanza is that in an ordinary" clean-up" 
the percentage of fine zinc is not too large to be dealt with satis
factorily. And it must be remembered that the portion of the 
" clean-up" is charged into the cold furnace in its moist condition 
and thoroughly mixed with litharge and other fluxes, and covered 
with a heavy covering of litharge, and on this again a covering of 
slag; a very slow fire, just' sufficient to warm the furnace, is kept 
burning for a few hours before smelting heat is raised; the charge 
by this means is slowly fritted, and I am convinced all zinc is com
pletely oxidised, and this accounts for the fact that no zinc is seen 
burning off when the charge is melting. 

Mr D. J. Williams' reference to Hoffmann-" The Metallurgy of 
Lead "-deals with smelting in the blast furnace galena with blende 
present. This is no comparison. Since there is no similarity in . 
the two methods, and in regard to the table of losses in experimental 
scorification assays, this does not appeal to me as having any direct 
bearing on the subject. 

Mr D. J. Williams points out that risks of loss by volatilisation 
of zinc can be overcome by acid treatment; with this I decidedly 
agree, and I will at once confess that I would rather receive at the 
furnace acid-treated precipitate. The work is much easier and less 
troublesome. 

Mr D. J. -Williams' figures on the advantage of using nitre cake 
are interesting, and I hope he will shortly add to this some practical 
working results. Mr Cullen has generously offered nitre cake free 
of cost, so there is encouraging ground to work on. 

There are many advantages to be said for acid treatment; at 
present the objection is the cost. I am pleased to see that quite 
recently sulphuric acid has been reduced in price nearly ld. per lb. ; 
this is a step in the right direction, and I have been curious to know 
whether my paper, which threatened to do away with acid, influenced 
this desired reduction; if so, no excuse is necesssary for me having 
left out this question. 

On different mines the" clean-up" varies; in some cases it is found 
necessary to take large quantities of more or less fine zinc. Now 
everyone knows that the elimination of all bases, especially zinc, 
simplifies the smelting, and does away with any danger of loss. 
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15 2 Cost of Smeltz"ng and Slz"mes Plant 

With zinc present a certain amount of experience and skill is 
required-if acid treated, little or no experience is required-and 
in all cases where an undue amount of zinc has to be smelted, I 
should advise acid treatment of this portion of thc "clean-up." 
The slime collected in the filter prcss will offer no difficulty, and can 
be melted direct. 

Presuming that acid treatment is found dcsirable, I claim that it 
does not detract any advantage from the method I have placed 
before you, for I maintain that there is but one way to smelt 
cyanide works precipitate-in a way worthy of the Hame smelting 
-and that is, first to collect the gold by thc lead in the same way 
as we collect the gold by assay methods. 

Mr D. J. Williams claims that cupclling is a difficult operation. 
I do not agree with him. It is a simple operation which any 
ordinary individual can readily learn. There is only one secret in 
it, and that is, that suitable bone-ash is used in making the test j 
with impure and unsuitable bone-ash you will have very unsatis
factory work, but with a properly made test it is one of the simplest 

. and easiest of smelting operations. 
Replying to Mr Peud, I would point out to him that the smelting 

costs as quoted by him cannot be taken as a comparison with the 
figures given by me. 

The costs quoted by me are from mines running slimes plants. 
The mines quoted by Mr Peud have not slimes plants working, a:nd 
therefore have not the "clean-up" from the slimes plant to deal 
with. If Mr Pead does not yet know, he will quickly discover 
when he is treating slimes, that his smelting work will be another 
proposition to his present expericnce, and will find his costs con
siderably added to j and I have no reason for thinking they will be 
lower than the mines mentioned in my paper. 

I fail to grasp Mr Pead's contention that because for years past 
assay slag, which he says has been hitherto thrown away as useless, 
and now with the lead method becomes valuable, that this will have 
to be paid for. To whom will the cyanide works pay ~ I presume 
Mr Pead means the assay office should be credited. This secms to 
ns like" robbing Peter to pay Paul," for both departments belong 
to the same company. 

Mr Pead also says that if old accumulated slags are used, worth 
at the rate of 65s. per oz. of gold per ton of slag, that I must debit 
the quantity used against the gold resnlting from the smelt. I 
cannot fathom this problem. For example, suppose I have a ton of 
slag on hand assaying 10 ozs. per tOll, if I sell this at the rate of 
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Methods of Smelt£ng- and Loss of Gold 1$3 

65s. per oz. I receive £32, lOs. If, on the other hand, I use this 
slag for smelting my "clean-up" I reeoyer the gold and obtain 84s. 
per oz., or £42, and in addition get a ton of slag free of cost j 

for had the slag not been used I should have to provide other 
fluxes. 

Mr Pead says he readily admits that the total elimination of by
products is much to be desired. With that, I think, we all agree, 
but we cannot all look at it from Mr Pead's view: a total elimina
tion. There is little hope that any method ,viii accomplish this 
much-desired result, but I will remind Mr Pead that the furnace 
and method under discussion is the same as smelters all the world 
over use for treating such by-products as we have made and disposed 
of to smelters who have made handsome profits out of the deal, by 
using the same furnace and method as this lead smelting method 
enables you to do yourself. 

Mr Pead asks re the Crown Deep trials, whether differencts of 
77 ozs. is due to the different mcthod of smelting 7 In my paper 
I explained that these results, although repeated on several trials, 
caused dissatisfaction, for we could' not believe, much less under
stand, how such large losses could occur by the present method, 
and when Mr Pead asks if I seriously consider the probability of 
the present method of smelting being answerable for a loss of 10 
per cent., I answer that I did not suggest, or make such a claim, 
but distinctly said I did not think such a claim could be made 
with justice. Again, if Mr Pead read my paper carefully, he 
would have seen that I did not claim the 1 per cent. he refers 
to, but influenced by results of all the trials made, stated that if 
1 per cent. extra gold could be saved, it was, as Mr Pead says, 
a most important reform. 

The next question Mr Pead asks is one that I would rather 
had not fallen to my lot to answer. I cannot help thinking Mr 
Pead did not intend to suggest, what this question very plainly 
makes one conclude, that all concerned in the trial smelts must be 
either knaves or fools. 

Mr Pead says that he has looked for an allowance in the figures 
given by me, for gold added in fluxing-and says, for instance, in 
the second trial at the Village Main Reef, 700 Ibs. of slag was made 
containing 110 ozs. of gold-and presumes this slag was used for 
the lead-smelted portion. These trials were being made in the 
interests of the companies concerned, and conducted by representa
tives of the largest group of mines on these fields, considerable 
interest was involved. Does Mr Pead seriously a8k the question 
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154 A llowance for Gold in Fluxing 

that, presuming that the Village Main Reef Company had sent 
slags containing 110 ozs. of gold to be used in a trial smelt, where 
the" clean-up" had been most carefully divided into four portions, 
with the idea of checking results, that they would have been 
surprised to find a difference of 10 per cent. in favour or the 
portion which this 110 ozs. had been added to, and yet so simple 
minded as not to allow for this added gold. I could add a good 
deal in reply to this question, but think the least said the better; 
however, oUT President has explained how the last trial on the 
Crown Deep was carried out. It was the result of this trial, where 
the conditions were most unfavourable to the lell.d method, that 
the conclusion was come to, that there was good reason to believe 
the lead method of smelting gave higher results. Mr Pead 
apologised at the end of his remarks for the critical attitude in 
which he approached the discussion, and I also apologise to Mr 
Pead for the unpleasant attitude I have been forced to take up. 

Mr Caldecott's suggestion re the use of boric oxide is a valuable 
one, and will, I believe, simplify the work. I cannot agree with 
Mr Caldecott that. if acid treatment is necessary, then the argu
ments against direct smelting lose their weight. As I have already 
stated, in my reply to Mr Williams, I believe there is only one safe 
and correct way, and that is to smelt with addition of litharge. In 
direct smelting there are too many places where gold gets locked 
np, and finally has to be sold as a by-product at mnch below its value. 

I regret I am unable to give the analyses Mr Crosse asks for, but 
hope to be able to do so shortly. 

Mr J. Yates asked if in any of these trials a plus recovery had 
been obtained on the other side. In the trials that I mentioned in 
my paper, I only referred to those at the Crown Deep and the 
Village Main Reef. Long before this, however, we had made trials 
with filter press slimes, and always with the result that lead gave 
us a higher return. W' e took alternate leaves, having equal 
weights. Not being satisfied with that, we took the filter press and 
quartered each leaf, and still found we got much higher returns 
from lead smelting: the returns were so much higher that we could 
not believe it possible, and I have never yet been persuaded that it 
is possible that you can lose 4 per cent. by the present method. 
It is most extraordinary; all these trials we made gave the same 
result. I attribute it first to the fact that, in the direct smelting 
there is a good deal of gold tied up in the clay-liners, in the pots, 
and in the slag. On the other hand. with the lead method, we 
were able to get practically all the gold, and get the result at once. 
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Lead Smeltz"ng and Lead Poisoning 155 

Mr Yates' and l\f r Cullen's snggestions about this question of where 
the loss occurs, are quite right, but I think we who have had 
experience of the new process see immense difficulties in it. I 
would like to ask how you are to determine where the losses start 
in the present method of smelting? You cannot sample the 
product that you take to the furnace. I think Mr Cullen and Mr 
Yates will find that they have a very difficult and very long job if 
they start to find out where these losses occur. I do not say they 
do occur, but I think you will have great difficulty in determining 
whether they do or not. Mr Yates suggested that I might be able 
to explain where this 4 per cent. difference comes in. How we 
manage to get the 4 per cent. pIns recovery I cannot tell you. I 
do not know, and, not knowing, I rather disbelieve that they do 
occur. I chim, however, for this method, whether the recovery is 
more, or whether the losses' are equal-I am prepared to accept 
that the losses are equal on both sides-that the merits of this 
process are good enough for it to oust the present method. In 
reply to Mr Carter with regard to lead poisoning, I do not think 
there is much to fear from that. For years before the war we 
were using the Siemens process, and all our smelting was lead. I 
have never felt any ill effects. I do not know whether I shall in 
the future; but you must remember that you are only in a smelt
ing room for two or three days a month, and it is only for a very 
few minutes during the smelting that the lead fumes reach you j 

generally, when lead is being poured from a smelting furnace. As 
far as the cupellation furnace is concerned, if the draught is what 
is really required, no lead fumes will leave the furnace; but it is 
customary to have a hood just over the working door, which carries 
away.all the lead fumes. I. do not think any of you need fear that 
you will suffer from lead poisoning. In conclusion, I have to thank 
Mr Spencer, the manager of the Bonanza, whose enterprise and 
readiness always to give a Hew idea a trial, enabled me to carry out 
the work. As you all know, it takes a good deal of courage to 
experiment with any new method, in dealing with a month's out
put, and if any benefit is derived from this lead smelting, I think 
the thanks of the members of this Society are due to Mr Spencer, 
as without his consent I should never have been able to carry out 
the work. 

Mr J. Yates-There is one point upon which Mr Tavener might 
be able to give some information. Have your clean-ups to date 
been part on acid-treated and part on non-acid-treated slime? 

Mr P. S. Tavener-In the very early stages I used to acid 
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156 Loss of Gold in Slimes Treatment 

treat and pot bmelt the rich slimes, and lead smelted the poor 
product. 

Mr J. Yates-Have you found this plus extraction in the case of 
non-acid-treated and acid-treated mixed ~ 

Mr P. S. Tavener-All my trials have been cases of acid treat
ment of smelted slimes as against direct smelted by the lead method. 

Mr J. Yates-It would be interesting to know if (a) this plus 
extraction exists in all three cases of acid-treated, (b) non-acid
treated, and (c) acid-treated and non-acid-treated mixed. 

Mr P. S. Tavener-I am unable to understand why a loss should 
occur during aeid treatment, unless the gold is carried away 
mechanically with decanted acid solutions or during washing in 
the press. All the trials that I have made have been with acid 
treatment as against direct smelted slimes. 

Mr E. H. Johnson-I have been making a rough list of where 
possible losses might occur ill the two processes, starting from the 
clean-up. The losses that occur in that are identical. Then the 
divergence starts ill taking it into acid treatment. I do not say 
losses actually occur, but there are possible losses. There are also 
possible losses in washing and decantation and in refilling. The 
loss in the latter case should be slight. There is a possible loss in 
adherence in the hoses used, and so forth. There are possible 
losses in drying or calcining, in fluxing if your fluxes are dry, and 
in transferring to the crucibles. Then in the slags and the clay
liners losses are possible. With regard to the flnes, there is the 
mechanical loss which Mr Williams described, and possibly a 
chemical loss if there is volatilisation. Then there is a mechanical 
loss about the floor. Gold might be swept up or get into crevices. 
On the other hand, in lead smelting, where the operations are 
reduced, the possibilities of loss are limited enormously. 

The President-We are all very much obliged to Mr Tavener for 
bringing this paper before the Society. I do not think we have 
anything like finished with it yet. I am Slll'e there is not a single 
member of the Society but wishes to see the discussion continued. 
I am going to devote as much time as I can to find out where the 
losses occur. My time is limited, but with the assistance of various 
cyanide managers on the Rand, I have no doubt that at a future 
meeting we shall be able to account for some of these losses. 

Mr P. S. Tavener-Do you not think that some of the losses are 
not actual losses, but gold lost on the floor in all sorts of places 
which cannot be collected or handled at the present time ~ With 
the lead smelting you call sweep both the cyanide plant aIlli your 
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Loss of Gold z"n Sl£mes Treatment 157 

smelting room, and gather everything that has come in contact with 
the gold. With the present system, if you drop a piece of gold on 
the floor it is a loss unless you pick it up. Of course these losses 
are not supposed to occur, but 1 have an idea that a good deal -is 
lost in this way. 

The President-If that was the case, it would represent about a 
bucketful in the clean-up we had at the Crown Deep, and it would 
be easily found. 

Mr Yates-And it would be an accumulative quantity. 1 do not 
think there is much in that. 

Mr W. H. Virgoe (contributed to February Joumnl, 1903)-1 
have just received the November proceedings of your Society, and 
have read with milch interest the discussion on Mr Tavener's paper 
on the" Lead Smelting of Zinc Slimes." 1 can hardly forward this 
letter as a contribution to the discussion, because it will not be 
received- umil some seven weeks are past. 

Mr Tavener's method in use at the Bonanza, Ltd., for the 
reduction of cyanide product is, of course, practically the method 
adopted by smelters who buy this class of material, for they nse it 
to enrich their argentiferous lead during cupellation. 

The very excellent results obtained by Mr Tavener in comparison 
with the results obtained by the ordinary method in use 011 the 
Rand, 1 am inclined to attribute partly to the fact that rednction 
methods on the Hand are somewhat wasteful. 

From experience gained in the making of many hundreds of 
product assays, 1 have observed that if any particles of zinc are ever 
seen floating on the surface of the molten lead and- giving off fumes 
of zinc oxide, the assay must be discarded, for the results will be 
too low. 

It is perfectly clear, therefore, that Mr Tavener's process must 
be conducted as a perfect scorification assay if volatilisation losses 
are to be avoided. 

1 attribute the losses in reduction on the Rand chiefly to losses 
incurred during the process of roasting 01' calcination; a process in 
my opinion absolutely unnecessary. 1 have never been able to 
detect any losses during acid treatment, but mechanical losses do 
occur unless the waste decanted liquors from the acid-treated 
material are passed through a small filter pan. 

1 do not think any losses occur during the smelting in closed 
crucibles, but some small loss does probably occur during the 
re-melting and refining of the bars, which we conduct in Mexico III 

open clay-lined crucibles. 
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Utzlity of Acid Treatment 

I am of the opinion that Mr Tavener's method does not produce 
more bullion than the ordinary method, where calcination is dis
pensed with, but it possesses the great advantages of being likely 
to bring about the elimination of' acid treatment, the non-production 
of any rich slag and skimmings as by-products, and it seems 
specially adaptable to the rapid handling of large amounts of 
materiaL 

Upon one or two occasions I have had to refine some small very 
" zincy" bars of cyanide bullion, and I have observed that if such 
bars be melted and poured at a high temperature, and be allowed 
to cool gradually, they will, if replaced in a fairly hot crucible, 
liquate very nicely, and tbe bars, removed from the liquated bar 
metal with a pair of tongs, will need scarcely any refining_ Snch 
liquated bar metal can be poured into a mould, and would be ill a 
convenient form for treatment by Mr Tavener's process. I offer 
this merely as a suggestion for eliminating acid treatment, and' for 
reducing the amount of material to be treated in the lead bath. 

N ow, with reference to acid treatment, no doubt this is often 
used where quite unnecessary. As a general rulfl, if we screen 
prodncts tbrough a 40-mesh screen, we find no difficulty in reducing 
the" fines" wbich pass the screen without acid treatment and with
out calcination. The" metallics" which have passed an 8-mesh 
screen, and are retained in the 40-mesh screeu, require acid treat
ment, but do not require calcination. If much mercury is deposited 
in the extractors, then the "fines" are rendered very much more base, 
and retorting and acid treatment are, of course, advisable. I think 
Mr Tavener's suggestion to treat these metallics by cleaning them 
with dilute acid and replacing them in the boxes most commend
able, but I sbould, after having cleaned and brightened them, place 
them on horizontal trays, over and above which the solutions might 
flow, preferably at the head of the boxes, and by no means distribute 
them among the compartments of unbroken zinc. I think it cheaper 
to allow the cyanide solutions to dissolve them than to buy acid for 
that purpose. Moreover, we must bear in mind that "metallics '! 
are only removed because they tend to choke the boxes, coagulate 
into lumps, and prevent the even flow of solutions through a sponge 
of zinc. If these metallics are cleaned of product, zinc oxide, car
bonate of lime, and potash, and so on, they will lIot coagulate if 
placed in the boxes before atmospheric conditions have commenced, 
and, if placed on horizontal traYE, will be serviceable for precipitating 
purposes without clogging the boxes. 

Now, if we can thus utilise "melallics," and can handle alld smelt 
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Proportion of Zinc in Fines 159 

material that passes a 40-mesh screen without wasting and without 
acid treatment, as we do here in Mexico, we dismiss one of the 
advantages offered by Mr Tavener's process. To digress for the 
moment, I have often been struck to observe how little zinc" fines" 
usually contain. Fines coming from the extractor boxes 42 per 
cent. in gold and silver, often contain llO more than 15 per cent. to 
20 per cent. of zinc, and of this amount but a very small proportion 
is actually in the form of metallic zinc; it will be fonnd, upon 
treating it with acid, that the hydrogen evolved is very small in 
proportion to the zinc actually in the product, and this is the reason 
why, in acid treating" fines," we find it difficult to remove as much 
of the zinc as we should expect. The zinc is no doubt largely 
combined with some organic acid difficult to dissolve in dilute 
sulphuric acid. 
:::; If acid treatment is necessary, then Mr D. J. Williams' suggestion 
to use nitre cake on the Rand is a good one. I am not sure but 
that if "metallics" have to be treated with acid or nitre cake in 
solution, that it would not be advantageous to clear the metallics 
first with dilute acid as suggested by Mr Tavener, then to dip them 
into a solution of mercury, when, after retorting, they would be in 
the form of fine powder, eminently suitable for rapid solution in the 
acid. This, however, is merely an untried suggestion. 

Mr Tavener's process, or a modification of it, appears to me 
likely to supplant all others on large plants, but it is a process the 
utilisation of which is governed by local conditions and the quantity 
and quality of product that requires reduction. Small plants of 50 
to 100 tons daily capacity hardly produce sufficient slag to make 
the question of its value of any momentary importance. Th'e slags 
from such plants produced in the ordinary way of crucible smelting 
can readily be reduced in a lead bath every few months when a 
sufficient quantity ha~ accumulated; in fact, this is the only way in 
which they can be reduced, and the method has been successfully 
adopted here at the San Jose de Gracia Plant in the state of Sindoa, 
where the operation was performed ill an ordinary Mexican "vaso." 

P.O. Box 121, Mexico City, 
January 11, 1903. 

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
)



XI 

NOTES ON MINE SAMPLING OF THE MAIN REEF 
SERIES 

By D. J. WILLIAMS (1'fElIfBER) 

(Read at October Meeting, 1902) 

HAVING started these notes previously to our last me'eting, I have 
decided to adhere to my original plan, and instead of making this 
a contribution to the discussion on Mr Carter's paper, to read it 
separately. 

I believe the credit of having introduced a system for furnishing 
a graphic office record of what reef and leaders are carried in each 
drive belongs to Mr M. H. Burnham, who demonstrated it in ~n 
admirable paper, read before the Institution of :Mining and Metal
lurgy, London, December 1901. 

I am glad to see that sampling is at, last. recognised as one of the 
most important branches connected with underground engineering; 
and though such writers as Messrs Denny, Truscott, and vVybergh 
have paid much attention to it, I believe a description of a system 
that will show us, at a glance, what we are doing, is needed. In 
these notes I shall endeavour to demonstrate what I consider 
to be the best methods of conducting the sampling and the graphic 
work. 

In sampling development drives, it is necessary first to decide 
upon some uniform interval between the sections; and upon the 
actual method of sampling the reef. "\¥" e arrive at a decision upon 
this point by the consideration of the width and nature of the reef 
or leader that we have to sample. For reefs of moderate width, a 
section every 10 feet is generally considered sufficient; it is only in 
the case of very small reefs that it is thought advisable to reduce 
this distance; and experience shows that 5-foot intervals give satis
factory results. In the case of an extremely narrow reef, it is best 
to take small chips over its entire length, parcelling 5-foot lengths 
into separate bags. 

Where the value of the reef is extremely irregular, the triangular 
.60 

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
)



Sampling of Development G1'ound 161 

or zigzag method has been found to give satisfactory results. To 
apply this method, the sample is composed, not as oruinarily of a 
mass of reef taken from the face at the 5 or 10-foot intervals, but 
of small chips taken from a zigzag line extending across the whole 
5 or 10 feet; the line of chipping being previously chalked along 
the reef. This method is calculated to give a fairer average sample 
than the intermittent method, but it is, of course, more laborious, 
and in some cases difficult to apply, owing to the irregular character 
of the rock face. Figs. 5 and 5A show two methods of procedure. 
In addition to the sampling of the development ground being most 
carefully carried out and recorded, it is undoubtedly important that 
notes should be kept of characteristic geological features in the mine, 
and of diamond drill cores, with cross-sections obtained. 

A very good method during development, provided the face is 
washed down and properly squared up, is to take small chips, ill 
equal quantity if possible, from the whole face of the reef, having 
a cloth spread out to receive them. If the reef is large it should be 
divided up accordingly. The squaring up of the face entails some 
work, but if more care and time had been given to this mode of 
sampling in the past, much needless driving wo.uld have been 
avoided on many of our mines. Leaders have been missed in 
the foot through the face not being properly squared and washed 
down. 

Where, as is often the case, several leaders are laid bare in the 
side of the drive, each is sampled separately. 

The practice of sampling the partings as well as the reefs, and 
thus obtaining the average value over the whole area, has been 
abandoned on the Rand. The size and weight of the samples are 
thus reduced, and the operation expedited. In cases, however, 
where the width of the reef is very small, not more, say, than 3 
inches, it is advisable to include a small quantity of quartzite on 
either side, say, linch. This ensures securing all parts of the 
reef in the sample. The sampler, however, must be careful to 
include the quartzite in the measnrements, and to strip the quart
zite to the same depth a~ the reef. The latter being more friable, 
he is tempted to neglect "this operation. It is, however, important 
to sample th~ interstratified quartzite separately at various points, 
especially where the line of demarcation between the true con
glomerate and the encasing matrix is difficult to trace. The 
quartzite underlying the south reef in the Roodepoort district, 
that between the various leaders of the main reef in the Oentral 
Rand, and the quartzite and the coal seams in the Buffelsdoorn 
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Sampling of Working Stope 

district, all carry gold. I shall refer to this matter again when 
dealing with waste or discarded rock. Sampling the quartzite will 
also help to detect any mixing of the samples underground, in the 
sampling room, or in the assay office, for if the quartzite is 
reported to carry gold in appreciable quantities, the reasons require 
investigation. . 

The systems, then, in use for banket reef drives are three;-

1. Intermittent sections at IO-foot intervals or less. 
II. Continuous samples along the entire reef. 

III. Triangular or zigzag method. 

The first-named is that which will be found to have the widest 
application. ·Where I have used the triangular or zigzag method, 
very satisfactory results were obtained; but it would be well to 
check this method at times by the second method. 

A development drive, once sampled and recorded, is no further 
concern of the sampler; but in the case of ground that has been 
stoped, the working face is always changing; and in order to know 
its value, it is necessary to sample it at frequent intervals. This 
may be done in one of three ways ;-

First, the face may be divided into IO-foot sections, as in the case 
of drives. This method, when carried out weekly, gives trustworthy 
results. 

Second, box samples may be taken.. This system, however, is 
not widely in vogue on account of the erratic results obtained, and 
because it fails to detect whether any rich leader is being left in 
the foot or hanging walls. 
. The third method, which again is not to be recommended, but 
which gives a fair idea of the value of a working stope, is to sample 
periodically at the working place of each drill, once a week. This 
system does not lend itself to the entering of the values on the 

assay plans. 
In sampling wide reef~, experience has shown us that it is advis

able to divide them up into sections. Say, for instance, we have a 
reef 36 inches wide, we would divide it up into three sections, as 
shown in Fig. 4. 

Great care should be taken, if large pebbles appear in the lower 
portion of the reef or elsewhere within it, to sample them separately, 
as shown in Fig. 4A; for I have noticed, over and over again, that 
most of the gold is located in the viciuity of these pebbles, the other 
portions being usually comparatively poor, 
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Sampler's Equipment 

Having decided what methods to pursue, the sampler prepares 
for work by furnishing himself with the following equipment:-

(1) A measuring tape divided into feet, preferably 30 or 50 
feet in length. 

(2) Olinometer. 
(3) Two light slide staff::;. 
(4) A 4-lb. hammer and a stock of moils or chisels having 

an edge about three-eighths of an inch wide, the ordinary 
sampler's pick being useless for this class of work. 

(5) A fairly large piece of cloth, or an old panning dish, which 
serves admirably to catch the sample. 

(6) A pot of paint of a colour different from that used by the 
surveyor. 

(7) A squirt or strong syringe, and scrubbing brushes. 
(8) A good supply of sample bags, which should be of stout 

canvas, and capable of holding 4 or 5 Ibs., also stock of 
printed labelling tags. The utmost care should be taken 
to have the bags thoroughly cleaned after ea~h handling, 
by being turned inside out and beaten; and an occasional 
wash will do them no harm. Salting is as easy with mine 
samples as with any other kind, and if the dust JI·om a leader 
carrying ounces remains in the bottom of .the bag, it is 
certain to influence the assay of the next sample. 

To determine the positions of the sections to be taken, distances 
of 10 feet or less, as the case may be, are measured off with the 
tape, starting from some conveniently placed survey peg. The 
sections are marked with the paint, and every tenth section may 
advantageously be numbered. This enables any errors in booking 
the sequence of the sections to be rectified. The next step should 
be to wash down the sections carefully. A boy in advance with 
brush and syringe can keep pace with the samplers, and it will be 
found that careful washing saves a great deal of time. The actual 
chipping of the samples is not so easy as it at first appears; and 
at times, in very hard ground, it is very trying, and requires a great 
deal of patience. Attention should be paid to the following points. 
Equal quantities must be taken from all parts of the section 
sampled. A sample consisting of 2 Ibs. hom the lower portion, 
and 1 lb. from the upper portion, would be worthless, for the gold 
is by no means evenly distributed over the thickness of the reef. 
Not infrequently a flake can be removed covering the whole face of 
the reef, and this, broken up, will be a most satisfactory sample. 
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Sal1tplinf[ the Reef ' 

My opinion is that the actual size of the sample is of no consequence, 
provided that sufficient material can be brought up for assay, and 
the correct value ensured. Between 2 and 5 Ibs. is the usual 
weight; others, again, believe in having big samples, even as much 
as from 10 to 15 Ibs.; but with big samples it is difficult to 
take correct proportions. The footwall side of a drive is sampled 
by choice, though this is not always feasible. In sampling winzes, 
rises, or cross-cuts, the side which is most convenient and the best 
exposed ground is chosen. I have even sampled both sides of 
winzes and rises. 

In drives the reef in the footwall side at times disappears in the 
roof (see Fig. 2). In such cases it is necessary to sample the 
hanging wall side, and to make allowance for the dip when after
wards the diagrams are plotted. Again, a longitudinal fault may 
have thrown the reef from the footwall. If it appears on the 
hanging wall side, it should be sampled there, and the fact noted. 

Once the sample is taken, it is of great importance that the width 
over which it was taken should be accurately measured, and although 
it may seem superfluous, I recommend the use of a couple of light 
slide staffs. After the reefs have been traced, both on the foot and 
hanging wall sides, the staffs are placed in position, and the reef 
carefully measured at right angles. At the same time the dip can 
be recorded. Samplers are too apt to place their foot rules verti
cally across the reef, or at times simply to guess the width. The 
following short calculation will suffice to prove the difference 2 
inches would cause. 

We will assume that the measured width of a reef in a drive is 
5 inches, and the assay turns out 100 dwts., hence 5 inches by 
100 dwts. equal 500 assay inches, and the average result over a 
36 inches stope is 13'8 dwts. per ton. Now, the actual width tUrns 
out to be 3 inches, hence 3 inches by 100 dwts. per ton equal 
300 assay inches, and over 36 inches equals 8'3 dwts. per ton, 
showing a difference of 5'5 d wts., or over 22s. per ton. 

For underground purposes two books are required, one for 
recording the samples, and a book of rough co-ordinate paper with 
squares of one-eighth inch for sketching the reef. When the 
section has been recorded in both these books, a tag, properly 
numbered, is placed in each bag. I find that, when dealing with 
hundreds of samples, it is advisable to have the width of reef and 
the date on the ticket, as it helps to trace samples in case of error. 

'Vhen reproducing the sectional drawings on the surface, care
fully prepared co-ordinate paper should be used, divided into 
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Sectional Drawings of the Reef 165 

eighths or tenths, and 6 or 8 inches wide. I find that the 
best representation is obtained, not by making all the reefs straight 
and parallel, as is Burnham's plan, but by using the foot of the 
level as a fixed horizontal datum, and setting off the heights from 
this. This represents more truly the actual position and shape of 
the reef, which is by no means a flat and even bed. Where ap· 
parent undulations in the reef"are caused by the crookedness of the 
drive, this fact is noted on the diagram. ' 

It is desirable to represent the value over the intended stoping 
width by some graphic device. Burnham uses colours for this 
purpose. For instance, a yellow line underneath a section denotes 
a value of over 20 dwts., while a red line represents between 15 
dwts., and 20 dwts., etc. I find, however, that the representation 
is more clearly effected by erecting perpendiculars to a datum line 
at each section, proportional to the stoping value. A line joining 
these ordinates will then show at, a glance what the value is at any 
point. This may be seen in Fig. 1. Where two reefs are carried 
together it is advisable to represent the values separately in 
different colours, as well as the value of the combined leaders, as 
shown in Fig. 2. 

The following hints may be useful to those about to start these 
sectional drawings. Fixed colours should be taken for each reef, 
liS for instance :-

The main reef is coloured green. 
The main reef leader is coloured red. 
The, south reef is coloured blue. 

A useful scale will be found to be 2 inches equal 10 feet 
horizontally, and i inch equals 1 foot vertically. Thus, with 
co-ordinate paper ruled in eighths of an inch, one division of the 
paper is equal to 6 inches. This can easily be divided by eye into 
inches. 

Sections are marked by a red vertical line at the true position to 
scale of the actual section sampled. These are numbered, and the 
distance in feet from the origin shown. Should there be intervals 
of more than 10 feet without samples, the tens of feet are shown, 
but no red line or number, for these are not true sections. 

In my opinion, it is as important to make these diagrams neatly, 
as it is to have workmanlike and well-finished plans, for they will 
become permanent records of the mine. A little extra care, there
fore, in lettering, etc., will not be ill-spent. 

It is very necessary that the sampler, to be able to trace the reef, 
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Interbedded Djke 

and to recognise the probable effects of faults, etc., should study 
the geology of, the district, and have a knowledge, not only of the 
di8tinctive appearances of the reef he is concerned with, but the 
general lie of the strata and any geological landmarks that may 
help him to correlate the reefs. He should also be able to employ 
rules such as Zimmerman's, coupled with his own judgment, . for 
determining the probable dislocation of the reef by dykes and slides. 

A study of the cross-sections of the mine he is engage~ on will 
give him an idea of the distances ·apart at which to expect to find 
the payable leaders in various parts of it, and also of their dip at 
various depths, as in Fig. 3. 

Of the landmarks which the sampler has to guide him. in the 
Central Rand, by far the most important is the dyke of igneous 
matter which has intruded itself between the bedding of the .main 
reef leader and the main reef, known as the interbedded dyke. 
This dyke is of very variable thickness, being in some .places 15 
feet thick,'while in others it can be tracedas a thin shaly parting. 
It is, however, almost invariably present between the lower 
members of the main reef series; and I must say that in my 
experience, which is mainly of the portion of the Rand, say, 
between the Ferreira Deep and the Glen Deep, the interbedded 
dyke has not as yet failed me. I should, therefore, like to lay 
stress on this point, which will be a great help to samplers in the 
correlation of different members of the series. Figs. 2 and 3 show 

.its usual position. Unfortunately, however, as there are exceptions 
to every rule, so the interbedded dyke deviates in some places 
from its accustomed position. 1\1:r J. Harry Johns informs me that 
at the Worcester G.M. Company this dyke cuts through the maiu 
reef leader forming the footwall of the south reef. At the 
Meyer and Charlton again the trend of the dyke is somewhat 
erratic. In the Elandsfontein district this dyke is very distinct. 
The 'main reef leader in this district is known as the slate leader, 
from the resemblance of this dyke to shale or slate. In the Hose 
Deep, Primrose, May Consolidated, Glencairn and Glen Deep, small 
quartz pebbles are seen in the mass, giving it the appearance of a 
"bastard reef," which term is attached to it. At times it has been 
found to carry gold even up to 7 dwts., but of course these cases 
are rare. It would be interesting to obtain from members of this 
Society their experience gained on this point from various mines 
on the Rand. 

The characteristics of the reef vary with the locality, and the 
sampler must study the district in which he is placed. The follow-
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Iliitstrating "Notes on Mine Sampling or' the' Main Reef Series," by D. J. WILLIAMS. 
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Characteristics of the Ree.f 

ing are some points I have noticed in connection with the main 
reef series in the Central Rand ;-

THE SOUTH REEF.-Care should be taken to examine the foot
wall portion of this reef. The real footwall has a characteristic of 
its own, which can be recognised after careful study of each mine. 
The pebbles are generally small, and brighter in appearance, but 
biggish pebbles may be seen occasionally in the lower portions. 

THE MAIN REEF LEADER.-Very large peebles are the char
acteristic features of this reef. The other day 1 found a pebble at 
the Nourse Deep 6 inches by 4 inches. The big pebbles usually 
appear in the top of the reef. They do, however, sometimes appear 
in the foot; and when this occurs, small pebbles appear above, 
giving the reef a bastard appearance. This reef requires constant 
watching; the pebbles appear at times several feet away from one 
of the leaders; merely a pebble here and there. These, of course, 
should be sampled. 

THE MAIN REEF.-The pebbles of this reef are larger than those 
of the south reef, but they are smaller than those of the main reef 
leader. 

Fig. 40A refers to the sampling of this reef. As I previously 
remarked, it is necessary to make a separate sample of the line of 
large pebbles found on the lower portion of the main reef, which 
usually proves to be the leader. 

The longitudinal and transverse dykes which cut the reefs of the 
series often extend over great distances; and their disturbing effect 
is generally similar throughout their course. If, therefore, a dyke, 
whose effect is known, can be recognised, there will be little diffi
culty in tracing the reefs disturbed by it. The strike, dip, thick
ness, and appearance of a dyke often enables one to recognise it. 
If the strike and dip of a dyke or fault can be determined with 
approximate accuracy, the faulted reef can in most cases be picked 
up by applying Zimmerman's rule. Though the actual picking up 
of the reef is left to a higher department, no doubt the sampler by 
being observant can be of great assistance. 

The following little apparatus may prove useful for the rapid 
application of Zimmerman's rule, and can be readily made from 
cardboard or thin metal. This little model was suggested to me 
by Mr D. Ralph Robinson. 

Zimmerman's rule in brief states that the perpendicular to the 
strike of a dislocating fault, on the side remote from the approach
ing drive, falls on the same side of the plan of the line of inter
section between the reef and the fault as the faulted reef. This 
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1'68 Application of ZimmermCfn's Rule 

can be represented graphically if the strike and dip of the reef and 
fault are known; but this apparatus has the necessary factors 
adjustable, so that it can be set up in a few seconds to show the 
actual position of the reef and the fault; while the line of inter
section and the perpendicular to the dislocator take up their proper 
positions. The direction in which the reef has been thrown is then. 
apparent. 

The instrument consists of two parts. The first is composed of 
two limbs turning about a common centre, representing horizontal 
lines in the reef and fault at one level. These have on either side 
parallel lines' whose distances from the central line are proportional 
to the tangents of angles of dip whose perpendicular is constant. 
One limb is of tracing paper or cellnloid, so that the intersections 
of the parallel lines can be seen. 

The second part also consists of two principal limbs representing 
the reef and fault at a higher level. Their centre is a pin of the 
height corresponding with the dip divisions of the lower limbs, and 
they are supported at the ends by similar pins. The limb repre
senting thc dislocator has a fixed perpendicular drawn upon it, and 
a pointer is also centred on the pin, to be set along the line of 
intersection. 

To use the instrument the difference in strike is set off on the 
lower limbs by means of a protractor, marked upon the baseboard. 
The dips of the reef and fault are then taken from the graduations, 
and where these intersect, the pin of the upper part is placed, the 
upper limbs are brought parallel with the lower ones, and the line 
of intersection, namely, that between the two centres, is indicated 
by means of a pointer. 

Though the sampling of the waste or discarded rock is somewhat 
be.yond the scope of mine sampling, underground samplers on many 
of our mines are entrusted with this work. Considerable attention 
ought to be paid to it, more especially at the present time, when 
there is a tendency to increase the sorting plant. When 40 per cent. 
to 50 per cent. is sorted out, the sampling of the waste becomes an 
important matter, since careless sorting, unchecked, may mean 
considerable loss. 

One useful article to have abont a dnmp is a water-hose. The 
dump should be visited daily, washed with water, and a careful 
examination made. This would show whether much reef matter 
was finding its way to the dump, provided the examination is 
made by a disinterested party-not, for instance, the sorting table 
foreman. 
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Sampling of Waste Rock 

But we are confronted with the fact that in many parts of the 
Rand the interstnttified quartzite, especially between the various 
leaders, carries gold, occasionally to the extent of 10 to 15 dwts. 
Sometimes big nuggets are found, even Oil the waste dump. I dare
say most of you know of the case of the dyke on the Ferreira Mine, 
peppered, so to speak, with gold. A mere examination is therefore 
not sufficient, and the waste must be sampled, the sample again 
sorted into reef and quartzite, and separate assays made. 

The systems in use at present are two :-

(a) A boy takes a lump from each truck as it passes to the 
dump; or, better, he takes at regular intervals a shovelful 
from each shute. 

(b) The sampler visits the dump, and throws a handful of torn 
paper, taking a lump wherever the paper falls. 

The first of these methods proves fairly satisfactory, if the boy 
entrusted with the work is thoroughly comcientious; but neither 
method gives samples that may be implicitly trusted. It is question
able indeed whether the proper sampling of the waste rock can be 
carried on without more expense being incurred than is usually 
sanctioned. 

The following methods, which I daresay could be made to give 
more trustworthy information than is at present possible, have 
suggested themselves to me :-

(1) Sampling the whole bulk by means of an a\ltomatic sampler, 
reducing it down to, say; 5 or 6 per cent. 

(2) The sampling of, say, every tenth truck by means of an 
automatic sampler. 

(3) Trial crushing of the discarded ore, say, every fifth or 
tenth truck for one month. 

The subject is such an extensive one that I cannot do more than 
mention it; it would be an admirable subject for another paper. 

The crushing of samples for assay is an important matter, and on 
too many of our mines the plant installed for this purpose is quite 
inadequate. In fact, no sampling room on the Rand quite comes 
up to my ideal. 

On a large mine hundreds of mine samples have to be crushed 
weekly; and it is therefore obvious that, to be efficient, the crushing 
plant must be capable of quick work, and also free from the danger 
of salting a sample with the one previously crushed. A well-
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170 Equipment of Sampling Room 

arranged sampling room exists on the Nourse Deep. It is 'some 
22 feet square, with a smooth' concrete floor, which makes for 
cleanliness. 

The plant consists of two Gate's crushers, sizes No. 0 and 
No. 00; the latter reduces the sample to fragments which will pass 
through three-eighth-inch mesh. After passing through this machine 
the sample is quartered on a convenient steel table, having a bin for 
the discarded ore underneath. I would, however, lay stress on the 
fact that. only one quartering is permissible until the ore has be~n 
reduced to a finer state of division. 

This is the point at which some form of automatic sampler would 
seem to me to be essential to' a fully equipped sampling room. 
There are several machines on the market which give admirable 
results. They are far more accurate than the antiquated "coning 
and quartering," and the time occupied is negligible if it be arranged 
that the ore flows from the small crusher, through the sample, into 
the grinder. 

When the bulk of the sample is sufficiently reduced, it is ground 
to the requisite fineness 'in a Fraser & Chalmers sample grinder, of 
which there are two at. the Nourse Deep. 30 to 40 mesh is a 
convenient fineness for assay. After passing the ore through each 
machine, the latter is thoroughly cleallsed by means of a jet of 
compressed air. This obviates the salting of subsequent samples. 

In these notes it will appear that I have touched upon points that 
are for the most part well known. But I think they will bear 
repeating; and at the same time may prove useful to some of the 
younger members of our Society that have started, or are about 
to start, on this most interesting work. If this paper will save 
them from a few pitfalls that some of us have fallen into, it 
will have answered its purpose. It is better to come up from 
the mine with a dozen well-taken samples, than with fifty or 
sixty taken without method. There is no doubt that sampling is 
a department that has been much neglected even on some of our 
big mines, and when we sometimes wonder at the divergence 
between the expected output and the a~tual crushing results, we 
find on reflection that the very foundation on which the calcula
tions are bacied is not sound. As we have often been told, anyone 
that came to a mine used to be thought good enough to be a 
sampler, just as in some parts of Wales, if in doubt what to do 
with a son, you make a parson of him; whereas to be a sampler, a 
knowledge of geology and the rudiments of surveying is essential. 
A kno\vledge of geology so as to be able to trace faults and dykes 
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Sectional Drawings and Assay Plans I 7 I 

and their effects on the reef; and of surveying, so as to be exact in 
measurement in sketching sections, etc. The better the scientific 
training of the sampler, the better are his chances of becoming good 
at his work, which, after all, requires no small degree of skill and 
judgment. 

DISCUSSION AT FEBRUARY MEETING, 1903 

Mr T. L. Carter-Few of us have had more sampling to do 
during the last two years than Mr Williams, and I am glad -he 
has given us some of his experience in the paper, "Notes on Mine 
Sampling of the Main Reef Series." 

Sampling on the Itand has been more or less a process of evolu
tion, and as far as we have gone, I believe a combination of the old 
assay. plan, and the graphic representation is the best possible way 
of keeping a record of the mine sampling. Heretofore too m)lch 
has been expected of the assay plan. Every little leader sampled 
at every spot in the drive was put on the plall, and the con
sequence was a big jumble of figures and an untidy-looking assay 
plan. By the use of the graphic representation this difficulty is 
obviated. On it are shown every little leader, or stringer, with its 
width and .value. At stated intervals, say of 10 feet, the total 
value of the stringers at these points are worked out. This figure 
is placed on the assay plan, instead of three or four figures being 
bracketed on the assay plan. 

If at any time it is desired to see how the single value on the 
assay plan is made up, the graphic representation can easily be 
spread out, and the stringers with their values examined. 

Mr Williams does not make much mention of the use of the 
assay plan for stopes. Deles he believe in using it simply for 
development work, or for stopes as well 1 

In his reply, I wish Mr Williams would dwell on a point he only 
mentions in his paper, and that is the sampling of a mine by means 
of box samples. For my part I do not see how this system can be 
used. In the first place, the law of chances are against procuring 
a correct sample of the ore leaving a stope; and again, as Mr 
'Williams points ont, it is not known what part of the reef carries 
the gold, what part it would pay to leave in the stope, or what to 
take out. In his reply, I trust Mr Williams will pulverise the 
system. I should like to know whether he has established any 
relationship between the appearance of dykes and the gold value of 
the reefs. We all know the classic example of the Ferreira dyke 
carrying gold, but believe this is very exceptional. As far as I 
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172 Sampling- of Reef and Stoping- Value 

know, no law can be stated for the effect of dykes on the gold 
contents of the reefs. In fact., I believe there is none whatever. 

One statement of Mr Williams needs modifying it seems to me, 
and that is his assertion regarding the dyke of igIleous matter 
between the main reef leader and the main reef. In the upper 
levels of the Crown Deep there is a parting between the two, but 
it is ordinary quartzite, and not a dyke. Mr Williams' landmark 
is a limiLed one, I believe. In the lower levels of the Crown Deep 
he would iook in vain for his landmark, for the par Ling disappe'ars 
altogether, and it is impossible to tell which is the leader and 
which is the main reef. I wish also, in his reply, that he would lay 
more stress on the great difficulty of obtaining the real value of 
rock sent to the waste heap. 

The question of mine sampling is such a vital one, that it is 
impossible to say too much about it. It is essential that some kind 
of uniform system for sampling and calculation be adopted, as there 
are many ways of going wrong. For instance, I heard of a sampler, 
not long ago, who was sent down to sample a section of the middle 
reef. The face was made of four sLringers. These were carefully 
sampled and placed in separate bags. The assayer returned th(j 
four stringers at 2 dwts. each. To arrive at the stoping value 
the sampler took the four stringers of 2 dwts. each, and added 
them together, and the stoping value was reported as 8 dwts. to the 
ton! 

DISCUSSION AT MARCH MEETING, 1903 

Mr J. Yates-Mr Williams, in the able and comprehensive 
paper which we are now discussing, treats somewhat fully on 
sampling operations, and he has placed before us a very useful 
synopsis of the work as carried out on these fields, and the modi
fication which he proposes. I think the idea of graphically repre
senting the values and thicknesses of our reefs is capital-it avoids 
much tedious inspection of figures, and gives the information we 
want at a glance. The objection to the system is the extra labour 
and cost which would attend it, but in spite of the cost, there is, I
feel sure, something to be said in favour of the adoption of such a 
system. Turning now to the 'modus opemndi, in obtaining the 
samples I have never tried the zigzag method described, but it 
appears calculated to give a reliable sample provided that care is 
taken to obtain a due proportion of the reef at the apices of the 
triangles. Both this method and the diagonal method depicted in 
Mr Williams' Fig. 5 would be mllch more laborious than the 
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Sampling of Working Stope i73 

ordinary intermittent equal distance ·sampling. The continuous 
sampling method he describes depends for its accuracy upon the 
including in the sample of a complete longitudinal section of the 
reef between the marked parts-complete both as regards length 
and width. Concerning the periodical sampling of the stopes with 
a view to discovering the value of the rock being broken from week 
to week, I am of opinion that the method of sampling at the box
holes is both crude and undesirable except as a rough check. The 
only procedure calcubted to yield the true value of the stope, is the 
taking of the samples at equal distances apart along the breast. I 
would here call attention to what I believe is a frequent source of 
error in the estimates, not of the value of a stoping breast, but of 
the entire block of ground lying, say, between two drives and two 
stoping breasts. In valuing this ground it would not be accurate 
to take, say, 10 feet samples along the drives, and then 10 feet 
samples along the irregular breasts of the stopes. The correct 
method would be if 10 feet samples are taken in the drive to also 
take'the samples in the stope at points 10 feet apart measured on 
the line of dip of the reef. On the other hand, I believe it is not 
unusual to work out the value of the two stoping breasts indepen
dently, and then merge these values into those of the two drives, 
but this practice is not to be recommended, inasmuch as it is likely 
to give erroneous results w here rich and poor bands of ore exist in 
the same stope: in such a case as this it may easily happen that 
the varying angle of the working breast may lead to a dispropor
tionate number of samples being taken from the rich and poor zones 
respectively. In measuring off the position of sample sections I 
think it prevents confusion if all are numbered. Of the weight of 
sample taken I have, in connection with another paper, already put 
forward arguments showing that samples of 3 to 7 Ibs. are prefer
able to smaller ones. Mr Williams suggests the use of two light 
slide staves to ensure more accurate measurements of thickness and 
dip. The usefulness of such rods has often been impressed upon 

. me, and I am convinced that their use, more especially on highly 
inclined strata and on thin reefs, would be beneficial. Concerning 
the form that the graphic representation of values should take, I 
think it must be conceded that the ordinate method advocated by 
Mr \Villiams is more precise and satisfying than the coloured 
line method sugges,ted by Mr Burnham some time back 

Mr A. Richardson-Regarding the development sampling, I 
think that though an interval of 10 feet between sections is 
adequate for stopes, one of 5 feet should always be adopted for 
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174 D£amond Drt"ll t"n Prospectt"ng 

drives, irrespective of the ~idth of the reef. The practice which 
the autbor advocates with narrow reefs, of taking in some.quartzite, 
is a good one, and where such quartzite i~ valueless, tbe results, 
tbougb showing a wider reef of lower value, will give a correct 
estimate of the stoping value; should, however, the quartzite by 
any chance carry high values, an erroneous estimate will be obtained, 
because the calculation will take into account gold-bearing material, 
which, when not in fines, will find its way to tbe dump. In tbis 
connection I would like to mention an interesting occurrence of 
visible gold in quartzite in the Treasury Gold Mine. In one of the 
south reef stopes the line of demarcation between the leader and 
the footwall of tbe stope is very strongly marked by a film of clay, 
light grey in colour. The surface of the quartzite shows evident 
signs of movement having taken place, having a silky laminated 
appearance, and on the clay being washed off, in many places visible 
gold can be seen freely. This appears to be confined to the 
immedi,ate surface, as I bave been unable to obtain a specimen 
showing gold below the plane of contact. I have a sample of this 
quartzite with me whicb I sball be glad to show anyone interested, 
and I hope our President will favour us with some remarks on the 
one I submitted to him. In view of the attention tbat is at present 
being directed to the possible payability of quartzite partings, it 
may be instructive to note tbat, lip to tbe present, excluding the 
particular case mentioned above, I have succeeded in obtaining only 
an average value of tinder! dwt. over the quartzite mined. There 
is one point wbich, I tbink, is wortb drawing attention to, and that 
is the very sligbt use that is made nowadays of tbe diamond drill in 
underground prospecting operations. A prospecting cross-cut driven 
100 feet to tap a reef will cost a company more than £300, whereas, 
assuming tbe dip is 25°, the cost of a seven-eigbth bore-hole, at right 
angles to the dip, should not exceed £38, not to mention the 
enormous saving in time. There seems a tendency to assume, 
especially on those mines tbat have been working for some time, 
tbat when the expected in tbe way of reefs has been developed, the 
expense of putting in cross-cuts to pick up problematical reefs is 
not justified. Tbougb diamond drilling might not disprove this 
assumption, still it is worthy of more attention in view of tbe 
facilities which it offers. I would like to ask Mr Williams if 
be has found that tbe physical characteristics of the interbedded 
dyke affect the value of the leader. My own local experience points 
to the conclusion that, while the thickness does not seem to bave 
any influence, the harder the dyke the lower the reef values. 
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Value of Waste Rock 175 

The President-I may state that some little time ago Mr Richard
son gave me a sample of what I'considered to be ordinary country 
rock, until he drew my attention to a very large amount of visible 
gold in it. I showed this speci~en to a few experts on ore sorting 
-I think ore waste sorting would be the proper term-and asked 
them what they would do if they saw a piece of rock of that kind 
on the sorting table? They said they would undoubtedly throw it 
away as waste. Yet I am certain the value of that stone would 
be possibly 100 ozs. to the ton, and I at once pointed out that 
when waste rock, different in character to ordinary waste rock, is 
seen on the sorting table, a specimen should be taken and assayed, 
and a corresponding specimen kept. I believe Mr Oarter has made 
some very valuable additions to the profits of his company by a 
case similar to one mentioned. . 

Mr B. P. Oarter-I would like to say that in sampling stopes on 
the Ferreira Mine we have always taken samples of waste rock 
between the reefs. \Ve find there a certain black san'dstone much 
different to the ordinary quartzite, whi.ch gives from 3 dwts. to 17 
dwts. value. Oonsequently when we come across this rock we 
throw it iuto the bins and it goes to the mill. 

The President-Is it sufficiently distinct in character for llative 
boys to select it from waste rock? 

Mr B. P. Oarter-Yes, it is much darker. 

REPLY TO DISCUSSION (MAY l'IrEETING,1903) 

Mr D. J. Williams-Ullfortunately I was unable to reply to the 
discussion on my paper at the last meeting in consequence of my 
not having copies of the J(Jnnwl by me. 

Mr Oarter and Mr Yates, I am glad to see, agree with me 
upon most points. Mr Oarter, in asking me to "pulverise" the 
system of box sampling, sets me an easy task and a necessary one, 
for although in my paper I allowed this system a place among 
practical methods it must, doubtless, be " scrapped." 

The only case in which box samples would appear to me to be of 
use, is where the ground is of a very constant character, which 
seldom happens, and has been previously proved by careful 
sampling. The use of box samples in such a case would seem 
defensible. But as a reliable guide of wide application it doubtless 
merits Mr Oarter's disapproval, as well as Mr Yates' description as 
being" crude and undesirable, except as a rough check." I may 
mention that I have met more than one mi.ne manager who thinks 
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176 Sectional Drawittgs a1td Assay Plans 

there is no better method of forming an idea of the value of a stope 
than by box sampling. 

During the re-sampling of several deep level) mines I was unable 
to establish any relation whatsoever between the presence Qf dykes 
and the reef value, and I agree with Mr Carter in supposing that 
there is no such relation. 

With regard to the reliability, or unreliability, of the "inter
bedded dyke" as a landmark, I can only say that my experience 
has been singularly fLlrtunate, as in no case have I found the main 
reef not separated from the main reef leader by at least a trace of 
this body, though sometimes it has been simply a papery layer of 
slatey rock. On its origin I am not prepared to give an opinion. 
That it bas been subjected to a grinding action is proved by the 
slatey cle<lvage that it possesses in parts, and therefore it would 
appear possible that t,he whole body has been formed from the 
quartzite by attrition. A microscopic examination should prove 
this matter, an examination that I purposed making at the time of 
the October meeting, but one which circumstances have compelled 
me to leave undone. 

Regarding the use of assay plans, I entirely agree with Mr 
Carter that a combination of assay plan with graphic section is by 
far the best method. 

An assay plan should be made in the plane of the reef, but sin~e, 
the reef rarely continues for any great distance in the same plane, 
I am inclined to recommend dividing the plan into separate sheets, 
each containing the backs of one level. The leaders shown in the 
graphic diagrams of the levels above and below, and of the rises, 
can then be laid down to an approximate scale in red ink around 
each block, and the total values at the face inserted as the stoping 
proceeds. If a new leader or parting is encountered during the 
stoping, a section can be indicated, in the same way as along the 
levels, across the stope or part of the stope, and this does away 
with the necessity for elaborate diagrams of the stope face. 

The treatment of the subject of waste rock sampling would 
entail, I am afraid, another paper, and I cannot do justice· to it 
in the space at my disposal. Mr A. Richardson mentions the 
occurrence of visible gold in the quartzite in the Treasury Gold 
Mine. It is also common to meet with nuggets in the quartzite at 
the Rose Deep. I firmly believe that where we have several 
leaders separated by partings, this interstratified quartzite is liable 
to carry gold; and then sorting becomes an impossibility. 

Mr Palmer Carter cites a case from the Ferreira Mine where the 
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Gold-bearing Quartzite 177 

interstratified quartzite carries gold from 3 dwts. to 17 d wts. I 
should say that sorting, in this case, whether the quartzite IS 

darker in appearance or not, would be a very risky operation. 
On the other hand, take the Roodepoort district. The south reef 

is fairly constant in character from one mine to the other. It is 
almost invariably extremely small, from 2 to 3 inches, and at times 
we only get a string of pebbles-considered an indicator of rich 
ore. In this case all the gold is carried in the small leader, but we 
have to stope out, say, 30 inches. This quartzite could be sorted 
out without fear of throwing the gold away. 

The question of sorting is such an important one, that I hope Mr 
Lane Carter will favour us with a paper going into all its details. 

To return to Mr Richardson's gold-bearing quartzite, the film of 
clay he mentions has, in all probability, been derived from the 
crushing by earth movements of a banket leader, the debris from 
which has been concentrated by washing. Similar cases, which 
admit of proof, have come under my notice in the Heidelberg 
district. 

I am sorry that this subject of sampling has not evoked more 
criticism and discussion, but I daresay we shall hear more about it 
when the question of sorting comes forward. And then we may 
expect a lively debate. 

111 
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XII 

THE ECONOMIC USE OF PETROLEUM OIL GAS FURNACES 
AS APPLIED TO SMELTING, LABORATORY WORK, 
AND DRILL HEATING 

By DAVID LAIRD 

(Read at October Meeting, 1902) 

IT is my intention to confine my remarks to the adaptability of 
Petroleum Oil Gas Furnaces for metallurgical work, treating. them 
purely from a mechanical point of view, while I conflign to the 
chemist his particular sphere of operations therewith. 

All metallurgical work has its mechanical and chemical ratio; in 
one process the chemical may predominate, while the mechanical 
will in another, consequently it follows that to be a successful 
metallurgist it is necessary to have a combined mechanical and 
chemical knowledge, otherwise you must be dependent on one 
branch of the profession or else the other. The combined know
ledge is the exception, and personally I can only claim a mechanical 
knowledge, and it is absolutely from this standpoint that I address 
you. 

lt is needless to quote historically regarding the use of oil as a· 
fuel, it dates from the earliest days of creation, but there are many 
points which have to be considered with regard to its economical 
use; these resolve themselves into oil burners, oil gas producers, 
combustion, and utility for metallurgical furnace work. I shall now 
tren.t these separately. 

There are many forms of oil burners, the wick burner for illumin
ating and heating being known throughout the civilised world, 
while the oil spray burner and vaporising burner, although largely 
used, are not so well known, and as these are applicable for the 
production of intense heat, they concern the metallurgist, and are 
worthy of special and individual description. 

The oil spray burner is largely used for different classes of work; 
it is simple in construction, and is a convenient form for use in 
many cases, but not generally. The oil is sprayed by means of a 
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Oil Burners for Metallurgy 

steam or air blast, and ignited in a combustion chamber. The 
principal objection to this class of burner is the production of that 
obnoxious gas, carbon monoxide, during the operation of igniting, 
but once ignited, and with properly designed combustion chambers, 
they work well, more especially on a large scale, where the oil 
orifice has not to be unduly contracted; I may add that these 
burners are rather noisy, and sometimes the smaller sized ones 
"jib," for no apparent reason but pure "cussedness," yet the fault 
can generally be traced to an irregular supply of oil or air. 

The vaporising burners are worked by putting a pressure on the 
oil, either by means of an air pump or head of oil; the oil then 
passes through a small pipe to the vaporiser, which invariably is in 
the form of a coil, or works on the same principle; heat is applied 
to the vaporiser, and immediately the oil gas is produced ignites at 
a small outlet orifice; a certain portion of the heat produced is 
specially utilised for vaporising, and the burner becomes automatic. 

Examples of these burners are: the Wells light; Fletcher's auto
matic, as applied to furnaces; the Primus stove burners, for cooking 
purposes. The objection to this particular class of burner is that 
the orifice for the outlet of the gases must be of a very small size, 
and the vaporiser invariably gets choked up internally by a deposit 
of solid carbon. The ignition is also at times difficult. I{ecently 
a new form of vaporising burner has been put upon the market, 

. designed purposely to overcome the choking up of the vaporiser by 
solid carbon. The arrangement consists of a reservoir of two com
partments, one being a compartment for holding water, and the 
other being a compartment for holding oil; these are connected up 
by separate pipes to the burner. The respective compartments are 
charged with water and oil; pressure is then applied by means of an 
air pump, which forces the liquids through the respective pipes. 
The water pipe terminates at the burner, in a coil with an orifice, 
while the oil is free to discharge the same as a spray burner. To 
ignite, heat is applied to the water coil, generating steam, the oil is 
then turned on and vaporised by means of the steam, ignition takes 
place in a suitable combustion chamber, a portion of the heat being 
utilised to generate steam in the coil, and thus the burner becomes 
automatic. This form of burner can be utilised for lighting or 
heating purposes, but ignition is sometimes difficult. 

I now direct your attention to oil gas producers; these are 
very simple in construction, and undoubtedly form the best means 
for firing metallurgical furnaces by liquid fuel. The process of 
the manufacture of this gas is very similar to that employed 
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180 O£l Gas Prod'ucers 

in the manufacture of ordinary coal gas, but is devoid of its 
complications, as by-products have not- to be taken into consider
ation, The plant consists of a receiver for the oil; this is elevated 
slightly above, and connects by a pipe to a small iron retort, which 
in its turn allows the passage of the gas produced to a gasometer; 
oil is allowed to enter the retort, which is heated, and the gas pro
duced is conveyed to the gasometer; the pressure of gas depends 
upon the height the oil tank is above the retort. The feeding of 
the oil in the retort becomes automatic, for if the pressure in the 
gasometer exceeds the pressure due to the head of oil, the supply 
is cut off by the gas forcing the oil back in the pipe, between the 
retort and oil receiver, and vice 'oersa. The gas from the gasometer 
can be utilised the same as ordinary coal gas, either for illuminating 
or heating. It is a modification of this particular arrangement 
which I recommend for use on these fields; it has the advantage of 
being automatic in the way of producing gas, it can be conveniently 
applied to furnaces, ignition is easily effected, and no smoke is 
produced; moreover, it is not necessary to use compressed air, 
excepting in cases where very intense heat is required, while 
the burners,. working under normal conditions, are practically 
noiseless. 

,\Ve have now to take into consideration combustion, for on this 
depends the development of beat. With partial combustion we 
have the production of carbon monoxide, with complete combustion 
carbon dioxide, or what is generally known as carbonic acid gas. 
What we have to deal with is complete combustion. The heating 
power depends upon the intensity of the blast, and the rapidity of 
the consumption of the oxygen in the air, by a given quantity of 
combustible matter; consequently to obtain high temperatures, with 
either solid or gaseous fuel, it is necessary to' have an intense 
draught, this may either be forced or induced. 

Speaking roughly, but still near enough for a working basis, one 
American gallon of petroleum oil will yield 200 cubic feet of hydro
carbon gas, which under complete combustion will require 2400 
cubic feet of air, or 12 cubic feet of air to 1 cubic foot of gas; while 
the amount of carbonic acid gas produced by the combustion of 
the 200 cubic feet of hydrocarbon will be approximately 100 cubic 
feet. Carbonic acid gas, as the product of combustion of gas or solid 
fuel, is inert, and simply acts as diluent; it is present in the air in 
about 1 part in 3300, and although it were present to the extent of 
3 per cent. it would be inappreciable, would cause no inconvenience, 
and could only be detected by chemical research: the presence, 
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Economic A dvantages of Liquid F'uel 181 

however, of this quantity of carbonic acid gas exhaled from the 
lungs of persons would be dangerous and offensive owing to the 
presence of organic matter; yet inert carbonic acid gas in the air as 
a diluent has a limit for the sustenance of life, I simply mention 
these matters, as I will have to refer to them later on in treating 
the vitiation of air by gas-fired furnaces, 

From the foregoing one would naturally infer that petroleum oil 
is an ideal fuel under certain conditions. It is easily utilised, and 
the only question is one of cost compared with solid fuel, the other 
advantages being all in favour of liquid fuel. The economic advan
tages depend entirely upon the utilisation of the heat produced; 
with solid fuel furnaces the bulk of the heat is unproductive on 
account of the large flue passages necessary to carry off the gases of 
combustion. While with gas furnaces the flue passages are propor
tionately small, and the heat from the walls of the furnace forms 
an important item in the economical comparisons, another very 
important matter is that with gas furnaces the heat can be located 
whenever it is required to produce the best possible results, while 
they can be started up and stopped at a moment's notice, and the 
heat regulated with absolute precision. I have now given you 
a fairly concise outline of the conditions at the disposal of the 
mechanic for building petroleum oil gas furnaces, and they are 
certainly attractive. It now remains for me to explain the con
struction of the furnaces which I am more directly connected with. 
I would take this opportunity of explaining that I decided on using 
the spray burner on furnaces exhibited at the City and Suburban 
Mine for three reasons, viz. :--

(1) I considered I was limited to time in construction. 
(2) The conditions regarding compressed air existing on these 

fields generally. ) 
(3) I did not care about incurring more expense than actually 

necessary to demonstrate the suitability of these furnaces. 

If I could have foretold the duration of the Boer war, I would 
have had plenty of time to have carried out a better and more con
venient system of heating, but in no way more effective from a 
heat generating point. Yet I would not have had to contend with 
leaking oil valves, production of smoke on ignitinr, and the noise 
produced by the burners, while I would have done away with 
compressed air and utilised induced blast. I wish those who saw 
the furnaces at work to bear in mind that they were only fitted up 
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Bullion Melting FU1'nace 

for experimental work, and on this score they have served 
my purpose, and may have proved of interest to some of 
you. The defects are all of minor importance, and can easily be 
rectified. 

I also wish to say that personally I have had no practical experi
ence in assaying and smelting, and in designing these furnaces 
I simply followed my own initiative, backed up by a limited 
knowledge of what I thought was necessary. 

I shall now describe the furnaces seriatim, starting with the 
bullion furnace. These can be made any desired size, the principal 
feature of design is that the casing which surrounds the crucible 
can be lifted by suitable mechanical appliances, leaving the crucible 
sitting on a pedestal, which is provided with a slot that allows a 
specially formed teeming chair to go under and partly surround the 
crucible j this affords an easy means of lifting and teeming, and has 
the special advantage of putting no undue strain on the crucible. 
A safety crucible is also provided immediately under the pedestal 
in case the crucible containing the molten metal should by chance 
break during the operation of smelting. The advantages of this 
furnace over the old system are rapidity of smelting-ease whereby 
the charge is teemed, the saving effected in cost of fuel, the life of 
the crucibles is extended, as these are not subject to the same wear 
and tear as in the coke furnaces. It is worthy of remark that 
externally the crucibles heated in these furnaces show little or no 
depreciation, the internal life depends much upon the usage the 
crucible has to withstand. The design is such that maintenance is 
a trifling consideration, and the general get-up is distinctly in 
advance of the solid fuel furnace in every way. This smelter with 
petroleum at 12s. 6d. per case, which was the nominal price before 
the war, will reduce 1000 ozs. of gold for Is. 3d. in one hour's time 
starting all cold. 

The cyanide gold reducing furnace has been designed expressly 
to take the place of the present reverberatory furnace j it provides a 
simpler, cheaper, and more convenient method of reducing the 
charge. The features of construction are the provision of a top 
crucible with an outlet in the bottom, and immediately underneath, 
on a suitable pedestal, is a crucible, which accumulates the charges 
melted in the top crucible. Immediately under the pedestal, but 
not forming a vital part in the construction, is another crucible 
which acts as a safety to receive the charge in case of breakage. 
This bottom crucible is surrounded with a coil for super-heating. 
The wpole arrangement of crucibles is surrounded by a suitable 
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Gold Reducing Furnace 

casing, which is so designed that it lifts apart at the pedestal, 
whereon rests the accumulator crucible. The heat is applied about 
the middle portion of the top crucible, and the gases of combustion 
are diverted downwards and exhaust themselves in a flue imme
diately under the safety crucible: The charge to be smelted is fed 
into the top crucible, and on being reduced flows down into the 
accumulator crucible j an observation hole is provided, so that the 
operation can be watched and the amount of slag in the accumulator 
crucible observed. After sufficient charge has been fed into the 
top crucible to fill the accumulator crucible, the casing and top 
crucible are removed by suitable means, leaving the accumulator 
crucible with the charge on the pedestal, which is teemed in the 
same manner as described in the bullion smelter. After teeming, 
the crucible is replaced on the pedestal, the casing is then lowered, 
and operations again started and continued in a similar fashion as 
long as may be desired. This cyanide gold reduction furnace is of 
importance, and a comparative statement of cost of smelting com
pared with present reverberatory furnace work is interesting, and 
is conclusively in favour of the new method. 

Working with the reverberatory furnace at the City and Suburban 
Mine from 1st April to 30th September, a period of six months, 
the costs during that time were :-

40 No. 50 crucibles and liners at 5id. £48 6 8 
228 bags of coal, say, 23 tons at 17s. 19 11 0 
Fire bars, estimated at 1 set in two years, 

value for 6 months . 12 10' 0 
Life of reverberatory furnace, estimated at 

5 years, after which an expenditure of 
£250 will have to be made. Equal in 
6 months to 

Total expenditure for 6 months 

25 0 0 

£105 7 8 

The average of fluxed charge reduced per month was 1100 lbs., 
or 6600 lbs. for the six months, which cost approximately 32s. per 
100 lbs. of charge smelted. ' 

The reduction of this 6600 Ibs. by petroleum oil gas furnace with 
oil at 12s. 6d. per case, and basing calculations on the results 
actually achieved ,by the small experimental furnace, which is not 
proportioned for the most economical work, would be :-
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C ujellz"ng Furnace 

Fuel to reduce 6600 lbs. charge at 5s. per 
100 lbs. 

Plumbago crucibles, say. 
Clay-liners 
Maintenance 
Air blast 

£16 10 0 
6 0 0 

10 0 0 
2 10 0 
2 19 0 

-----
£37 19 0 

This gives lIs. 6d. per 100 Ius. of charge smelted, or a balance in 
favour of the new system of 20s. 6d. per 100 lbs. 

In these calculations I have not taken into consideration the 
relative cost of the furnaces, but have treated them at par, nor 
have I taken into consideration the saving in floor space-these are 
all in favour of the new process. 

The other advantages are cleanliness and convenience of working. 
The chances of dusting are reduced to a minimum, while the boiling 
over of the charge in the crucibles, so pronounced in the reverberatory 
furnaces, cannot take place on account of the construction of the 
crucible and slag chute, the heat can be regulated as desired, 
and the construction is such that maintenance is reduced to next 
to nothing. 

In the construction of the cupelling furnace I tried to effect the 
work without the use of a muffie, but this proved a failure, and on 
the recommendation of Mr Howell, assayer at the City and Suburban 
Mine, I fitted it with a muffle. The special feature of construction 
is that the heat is distributed so as to prevent local heating, thus 
overcoming the tendency of fracturing the muffle. The heat can 
be regulated to whatever degree desired, and maintained at a 
uniform temperature for hours. I am informed that the action 
of this furnace as nearly approaches the ideal as possibly can be; 
of course the cupelling furnace, if fixed permanently, would be 
furnished with a chimney for carrying off the fumes. The cost 
of working this furnace would be 3d. per hour with muffle 10 inches 
by 6 inches internal measurement, and the cost of other sizes would 
be in direct proportion to the internal area of the muffle. With 
regard to muffle furnace work it may interest you to know that the 
number of gold and silver articles entered for assay at the Birming
ham Office, year ending June 30th, 1899, was 12,689,470, an average 
of 40,541 per working day. 

It is needless making any remarks about the evaporating furnace; 
~his, I find, is now superseded by a ~ew p1et~od pf treating th\! 
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A ssay and Retort Fur-naces 

cyanide solutions, but I think a sand bath worked on the same 
principle would be serviceable; however, these are matters for the 
assayers to decide. 

Assay furnace.-This is designed to take 12 H Battersea crucibles. 
The feature in construction is the inclined circular hearth immedi
ately under the plate for supporting the crucibles; this permits of 
the discharge of slag in case of accumulation; the distribution of 
heat; the utilisation of waste gases for super - heating. The 
present lid is not of a convenient form, it requires to revolve as 
well as being capable of swinging clear, and also needs a hole 
fitting in it large enough to command 3 pots at a time. Mr 
Howell, the gentleman whom I have already named, has suggested 
that a more convenient form would be to have the furnaces 
rectangular, each with a capacity of 6 pots, with top sliding 
doors; consequently a 24-pot furnace would have 4 rectangular 
furnaces of 6 pots each. It appears to me tbat Mr Howell's sugges
tions are a step in the right direction. The advantages are: 
rapidity of work; convenience; saving in cost of fuel. The heat 
can be maintained and regulated. The reducing of an assay can 
be effected at ~d. to -id. each-this is exclusive of charge for 
crucibles, which would presumably figure about the same as with 
the present coal or coke furnaces. 

Retort fUTnaces.-These can be made any size and shape. The 
special features of construction are: the retort sits on a solid bed; 
the front fastening is easier to manipulate; a trough is also designed 
at the bottom of the condenser, whereby the mercury flows and 
discharges itself into a dish. 

The advantages are: rapidity of work and general convenience; 
the heat can be regulated; the cost of retorting 3000 ozs. of 
amalgam amounts to approximately 3s., and the time three and 
a half hours starting all cold. 

I shall now depart from the purely metallurgical furnaces to 
make a few observations on the heating of drill steel by means 
of petroleum oil gas. The advantages of this system of treatment 
may be embodied as follows, viz. :-

Reduced cost in fuel. 
Reduced cost of labour attending furnace. 
Reduced cost of air blast. 
Reduced cost of maintenance. 
No cinders or ashes to remove. 
:No wat~r jack~t, consequently saving in circulatin~ water, 
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186 Treatment of Drill Steel by O1,l &as 

Reduced consumption of steel on account of superior treat
ment. 

No loss from drills giving ineffective work through burning; 
the steel can only be burned wilfully. 

No delay, as in the case of coal or coke furnaces in making up 
and cleaning out the fire. 

No action on the steel from sulphur. This is an important 
matter, as a small percentage of sulphur makes the steel 
" short." 

No obnoxious smell from smoke and sulphur fumes. 
The drills are fed in at the cold end of the furnace, and get 

gradually heated as they travel forward towards the heat, 
consequently there is less chance of the steel fracturing. 
Moreover, they can be uniformly heated any distance up, 
according to wish. 

The furnaces can be advantageously. worked underground, 
thus saving haulage and handling of drills on the surface. 

The ease and rapidity with which the furnace bricks can be 
removed and replaced. 

Absolute control of the furnace in heating, starting, and 
stopping. 

Simplicity of construction, compared with coal or coke furnaces. 
The furnace is self-contained, has no chimney, and is of an 

extremely portable nature. . 
No skilled labour is required to work the furnace or repair it. 
The workman sharpening the drills takes them from the 

furnace as he requires them, and can regulate the rapidity 
of heating according to what he may find necessary. 

This is a formidable list, but it is principally with the action of 
sulphur on the steel and the gases of combustion that they are of 
metallurgical importance. The oil consumption of one of these 
furnaces is about 1 gallon per hour. Now, in working this 
furnace underground, the question has been raised regarding the 
probable detrimental effect of the gases of combustion, viz. 
carbon dioxide, and I desire here to state that the vitiation of the 
air from one of these furnaces would be equal to the amount of the 
carbon dioxide expired by l~O human beings; the gas in the one 
instance is absolutely sterile and inert, while the other is full of 
pollution and organic matter, which promotes the growth of death
producing microbes. It must, however, be taken into considera
tion that the air supply for combustion is not withdrawn from the 
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Reducing Gold and Dusting 

locality where these furnaces work underground, but is conveyed 
there in the form of compressed air; consequently, assuming that 
we have a space containing 2400 cubic feet of air, 120 human 
beings would inhale the whole of it in an hour's time, but with a 
furnace working in that same space, viz. 2400 cubic feet. of air, 
an addition of 100 feet of carbonic acid gas would be added, or a 
vitiation of only, say, 4 per cent. compared.with 100, which is I-25th, 
consequently I-25th of 120 humall beings equals, say, 5 human, 
beings, and a drill furnace working underground consuming 1 
gallon of oil per hour will not vitiate the air so badly as 5 human 
beings would. This statement applies equally to air blast gas 
furnaces working in a room. 

The construction of the several' furnaces which I have brought 
before your notice to-night is such, that they embody the maximum 
amount of strength and durability, they are self-contained and 
portable, while the material from which they are made is of the 
best fire-resisting brick procurable, and the experiences of Mr 
Thomas Fletcher, F.e.S., of Warrington, who stands prominent 
with a world-wide reputation as the leading authority on gas 
furnaces, have been freely requisitioned in the endeavour to produce 
the best possible article. 

I shall now conclude by stating that the present practice of 
reducing cyanide gold is primitive, dirty, 'clumsy, and not a,t all in 
keeping with the general up-to-date departmental mining procedure 
existing on these fields, the rule of thumb has predominated with 
what result-cases are not unknown where the loss of gold from 
reverberatory furnace smelting ha,s been extremely heavy, and 
what is technically known as dusting, I am informed at the present 
time with the best practice, is responsible for 1~ to 2 per cent. of 
gold absolutely lost, while the slag residues remain as a by-product 
of great value. One company alone had an accumulation of these 
slags before the war of a value of something like £20,000 or 
£30,000, and they may have them yet. 

A day or two ago I was shown a quantity of conglomerate taken 
from the back dusting chamber of a reverberatory furnace; this 
chamber is immediately below the chimney flue-the quantity of 
this conglomerate would be abont 200 to 300 Ibs. Gold was visible 
to the naked eye, not only in the form of small particles the size of 
pin points, but some of the beads were the size of peas. The total 
amount of gold it is expected to recover is something like 100 ozs. 
of, say, £400 value. Now it would be interesting to know how 
much went up the chimney unrecovered. But surely some-
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Experiments in Reducing Gold 

thing must be radically wrong to permit of practice of this 
nature. 

Since my return from England I have, on the opinion of 
chemical experts whom I consulted there, suggested to several here 
that the cyanide gold charge should be reduced with lead and the 
whole of the metallic contents brought down as matte, or what is 
generally known as lead bullion, then cnpelled and, if necessary, 
refined. Mr Tavener's able paper, viz. "The Lead Smelting of Zinc
Gold Slimes," which he has just read, is a modification of this pro
cedure j the practice, however, cannot be claimed to be fundamen
tally new either on these fields or elsewhere. 

The conditions necessary to commend themselves in any system 
of cyanide gold reduction are:' the prevention of dusting j good 
extraction of gold j reliable and easy mode of treatment at a com
parati vely low cost. Now, if all these conditions can be accomplished, 
you may consider yourselves on the right path. The question is, 
what results are there leading up to this desired end ~ Personally, 
I can only relate what has actually come under my own observation. 

Mr F. Ireland, analytical chemist, and at present cyanide 
manager of the IVemmer Gold Mining Oompany, has been carrying 
out a series of trials on the following basis: The acid-treated charge 
is fluxed with a proportion of borax and soda; this is melted, and 
after the charge has settled down in the crucible, a small percentage 
of nitre is added, the object being to remove any graphitical carbon 
which may be floating in the slag. The fusion now being in a 
quiescent state, and the surface clean, 5 to 10 per cent. of litharge, 
mixed with a reducing agent in sufficient proportion to reduce the 
whole of the litharge to the metallic state, is sprinkled over the 
top of the fused slag, a small quantity of borax being utilised to 
prevent too rapid destruction of the carbon by the heated surface. 
The temperature is now raised, the molten slag gets deluged with 
metallic lead, and in passing down carries the minute particles 
of gold with it. 

Working on this principle, with slimes containing 40 per cent. of 
gold, the residual slags assayed 1'5 0ZS. per ton of :WOO lbs. 

The highest assay value in the several tests made with charges 
varying from 1 to 10 lbs. was 1 oz. 17 dwts. 12 grs. 

The most interesting feat.ure is the small proportion of lead which 
is necessary to effect a good 5eparation, and the resultant bullion 
presents no difficulty in cupellation. Those of you who have 
facilities can carry out experiments to verify these resnlts, but in 
doing so be careful to pour your crucible charge into a hot shallow 
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Treatment of Sl£mes 

mould. This treatment can be effected at a less cost than the 
present system of extraction, while the slag residues would be 
practically worthless and the gold could be worked up to a very 
high standard of fineness. . 

With these observations, I say abandon the old and adopt the 
more rational system, an appliance for the working of which has 
been placed into your hauds in a convenient form, as described in 
the cyanide gold reducing furnace. As also in the modification, 
practised at the Bonanza Mine and described by Mr Tavener, to 
whom you are indebted for the interesting figures regarding the 
cost of working and anticipated saving to the industry. 

With the sulphuric acid process and modifications maturing, I see 
no reason why the results obtained by Mr Ireland should not be 
effected on equally fa vourahle terms to those mentioned by Mr 
Tavener; and if the results obtained at the Bonanza Mine cannot 
be equalled or surpassed, they will certainly be such as shall form a 
creditable second place. 

Recently we have heard of the discovery of petroleum oil shales 
in the neighbourhood of V olksrust, and if this find should prove of 
commercial value it will assist in bringing petroleum oil gas furnaces 
more prominently in favonr on these fields, as we should expect a 
great reduction in the price of liquid fuel, which would practically 
mean a reduction in the cost of working petroleum oil gas furnaces. 

DISCUSSION AT NOVEMBER ThlEETING, 1902 

Mr J. Yates-I have at previous meetings expressed strong 
opinions regarding the imperfections of the furnace practice on 
these fields, and it is with pleasure that I perceive the possibility 
of an abandonment in the near future of our antiquated designs and 
practice, in favour of more convenient and altogether better methods. 
I think that the Society is indebted to Mr Laird, who, whilst spend
ing both time and money in carrying out and developing his ideas 
and pushing his business, is also directly endeavouring to benefit 
the industry by attempting to improve our plant. 

I have had the opportunity of inspecting Mr Laird's petroleum
heated furnaces, and I find them very cleverly designed, though 
obviously sllsceptible to improvement here and there. The bullion 
furnace is very compact, and I do not doubt that it will do the 
work. On the zinc-gold slime furnace the comparison of operating 
costs he gives is certainly very favourable to the oil furnace, but 
the oil furnace items strike one as being quoted rather low. The 
muffle furnace, which I saw in operation, appeared to be working 

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
)



190 Possibilities of O£l Gas F'urnaces 

admirably, and the same might also be said of the assay furnace. 
The arrangement in the latter for taking out the pots was, however, 
very defective, and Mr Lail'd will, I think, do well to have a 
revolving top as I suggested, if he adheres to the circular shape of 
furnace. 

But a mere casual inspection of the furnaces is hardly sufficient 
to induce anyone to run the risk of installing such an expensive 
item of plant, no matter how much they favour the idea; and it 
will be unfortunate if Mr Laird is not in a position to offer to 
instal a few sets of the plant at his risk, with the option to the 
mines of purchase after a fixed period. Such plants need a lengthy 
trial to demonstrate their defects and their good points, and we are 
quite in the dark as to whether the plant would give trouble under 
the strain of constant service, or again whether the fire-clay casings 
and structllres generally are so proportioned and designed as to 
withstand the fluctuations of temperature. 

I think it is a matter of regret that Mr Laird has not submitted 
as a supplement to his paper a report by the assayer of the City 
and Suburban Gold Mining Company, where the plant has been 
on trial. 

Turning to his drill heating furnaces, here again it is only possible 
to arrive at an idea of the merits and demerits of the machine after 
a lengthy trial. The principle and design of the furnace appears to 
be good, and it is very compact; and personally I foresee a large 
future for either oil or electric furnaces in connection with future 
deep level mines, where such furnaces will doubtless be placed 
underground, thus obviating the necessity of bringing the drills 
to surface. 

I am pleased to note that Mr Laird anticipates making further 
improvements in his furnaces, and I trust that his efforts will meet 
with success. 

Mr C. W. Lee-I have made two experiments, and I should like 
to put forward one or two questions on the superiority, apart from 
the primary cost of fuel. I have proved as a matter of fact that 
liquid fuel, as used in the German furnaces supplied by a local 
firm, amounts to about 50 per cent. on the cost of ordinary coke 
or gas carbon furnaces, but I find instead of a ventilated muffle the 
principle is a closed muffle. I find the cnpellations taking place 
at the back part of the muffle, and that it takes 25 per cent. more 
time. Naturally, that must occasion a loss, and I put forward this 
question: Does a closed muffle or a ventilated muffle give the best 
results 1 Then, as regards the burnt parts of the muffle, it oxidises 

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
)



Experiments with Oil Gas Furnaces 191 

more rapidly. I should like to ask Mr Laird whether a closed 
muffle gives better results than an ordinary English muffle 1 

The President-l think Mr Laird's cupellation furnace was a 
ventilated muffle. It gave me the idea of a tendency to crack. 

DISCUSSION AT JANUARY l\IEETING, 1903 

The President-Several gentlemen, in response to a kind invita
tion, visited the City and Suburban while these furnaces were at 
work. It is a very nice method of being able to regulate your heat 
and so on, and the claim that it is very cheap has been substantiated. 
I think it is cheaper than the ordinary fuel, but until the thing has 
had a very much more continuous run than the experimental stage, 
I would not like to express an opinion as to whether it is more 
successful or not than the present method. 

The furnace for the smelting of zinc slimes is very creditable, and 
I think if it had not been for the method brought forward by 
Mr Tavener simultaneously, very many of the mines would have 
been inclined to give that furnace a fair trial. I do not think the 
furnace is quite adapted for using with lead. I am sorry that 
Mr Laird is not present here to-night; I would like to have heard 
the matter properly thrashed out. I hope Mr Johnson, who has 
spent more time on the subject than I have, will make a few remarks. 
There were several little things Mr Laird pointed out, but he did 
not know the difficulties. He is not a metallurgist himself. I think 
the muffle assay furnace will be very pleasant to work with, especi
ally if they can reduce the very great noise created by the blast. 
It is certainly rather deafening and disagreeable. 

Mr J. Yates-l hope those of our members who have had experi
ence of these furnaces will give us the results of their experiences. 

The President--l have not seen the operation of drill sharpening, 
but I have heard two or three people say the claims are perfectly 
correct. Instead of having to bring the drills to the surface they 
could be sharpened underground. That would make a very great 
saving. 

Mr J. Yates-The drill heating furnace is very promising indeed. 
It will be a very keen rival to the electric furnace underground. 

Mr E. H. Johnson-l only saw the various furnaces in operation 
for about half an hour. The only thing that struck me about the 
assay furnace was that the temperature was totally different on one 
side to the other. Otherwise I liked it very much indeed. As far 
as I could see, the fusion of the charges on one side would be 
finished while the others were very considerably delayed. I am 
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Smelling of Zinc-Gold Sl£mes 

speaking of the assay furnace. Mr Laird spoke of reducing the 
size of that furnace, so as to make the temperature more equitable. 
Another point was that there was a considerable leakage of oil all 
round where the injection took place. That feature I did not quite 
like. As far as economy is concerned, not having worked the 
furnaces, I cannot say whether the claims made are properly sub
stantiated. I should like the assayer of the City and Suburban, 
who actually worked them, to express some opinion, because he 
would have had more experience than anyone. 

Mr J. Yates-Did they not try a muffle on the Jumpers Deep 1 
The President-It was not of the same make. I do not know 

whether the principle is exactly the same. 
Mr P. S. Tavener-There is one point Mr Laird mentioned which 

should be of great advantage. When smelting gold bullion the 
furnace appears to be very much cleaner tha n with a coke fire. 
There is no danger of the charge being dropped over the side of the 
pot, or, if it did, it would be very easily recovered with MrLaird's 
furnace. I have Hot seen it, but if it could be worked, as I have 
every reason to believe, satisfactorily, it seems to me a very great 
improvement on the ordinary coke fire for smelting gold bullion. 

Mr E. H. Johnson-I rather agree with Mr Tavener on that 
point. The smelting of zinc-gold slimes was certainly very successful. 
There could not be much loss, because everything was covered up. 

Mr J. Yates-I had the opportunity of inspecting the plant on 
the City and Suburban, including the zinc-gold slime furnace. 
One point that struck me, there was the possibility of loss of gold 
slimes by dusting, whilst the charge is falling from the upper 
receptacle to the lower crucible. There is a somewhat violent 
circulation of the air within the furnace owing to the blast, and 
this strong air current acting on the charge during the fall might 
easily cause dusting. 

~'i:r E. H. Johnson-That was the point that took my attention. 
Any gold dusted, however, would be retained within the body of 
the furnace, over the crucible especially. 

REPLY TO DISOUSSION (FEBRUARY lIIEETING, 1903) 

Mr D. Laird-It being impossible for me to be present at your 
next meeting, I should be pleased if you would read the following 
reply to the criticism of the paper which I contributed to your 
esteemed Society, entitled" The Economic Use of Petroleum Oil 
Gas Furnaces as applied to Smelting, Laboratory Work, and Drill 
Heating." 
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Electric and Oil Gas Furnaces 193 

I shall first treat with the criticism contained in the November 
issue of your Journal.. It is certainly gratifying that Mr Yates, 
who made a fairly comprehensive examination of the furnaces, 
should anticipate a possible introduction of more convenient and 
improved methods of work generally in the laboratory and smelting 
operations on these fields. I know of no means by which these 
improvements can be anticipated, excepting through the medium of 
liquid fuel or coal gas. Electricity might in many years to come 
compete favourably, but after very exhaustive investigation my 
opinion is that it cannot be applied iIi an economic form at present. 
To give you a better idea of this, I must direct your attention to 
the drill heating furnace. 

The power required for air for one of these furnaces is approxi
mately i LH.P., the capacity being 350* octagon steel hand drills 
per hour, with a consumption of one gallon of oil. By electric 
heating it would take about 40 LH.P. to raise 72 of these drills per 
hour to the necessary temperatnre. Consequently to produce 350 
drills per hour by electric heat it would mean something like an 
expenditure of 200 LH.P. In treating the larger sized star bits 
comparison is more unfavourable. Now, it must be borne in mind 
that the application of electricity to drill heating is easier effected 
than if applied to smelting, retort, assay, and mume furnaces, so we 
would naturally conclude that the electrician has a long road to 
travel to compete. 

I have availed myself of Mr Yates' suggestion to adopt the 
revolving cover for the assay furnace, and before long I hope 
to have this furnace working under improved conditions. 

I appreciated that further demonstration in the working of these 
furnaces is necessary, and when circumstances permit you will 
again have an opportunity of witnessing the improved furnaces 
working under such conditions that the most sceptical may find no 
room for complaint. 

In reply to Mr C. ,V. Lees' query, the mume furnace works on 
the ventilated principle. This gives more rapid work than a closed 
mume, while the results in either case correspond, but much depends 
on the operator as to the accuracy of the work. 

The construction of the mume furnace is so designed to eliminate 
the tendency to fracture the mume, while the heat can be regulated 
and diverted, either towards the back or front, and by a suitable 
damper the current of air through the mume can be increased or 
decreased as required .. 

Reverting now to your Journal of January. The bulk of the. 
N 
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I94 Sl£mes Fur~ace and Dust£ng 

criticism devolves on the cyanide gold slimes reducing. furnace. 
Your President saw this furnace at work, and he pronounces it 
very creditable. Now, while I gladly accept the compliment, I 
want to go a little further and make the furnace a decided success; 
unfortunately the chemical equation presents a great diversity of 
OpInIOn. One branch of metallurgists on these fields favour the 
Tavener process, while others are equally strong in pronouncing 
against it. Now, with regard to the cyanide gold slimes reducing 
furnace, I have had great difficulty in forming a decided opinion on 
account of the different sentiments, but I have come to this con
clusion that to abandon would be to acknowledge defeat, and as the 
encouraging reports which I have had will certainly not permit of 
this course, consequently I shall push on a step further, and that 
forthwith. 

I do not think that Mr Yates can reasonably uphold the possibility 
of dusting taking place in the interior of the furnace: the charge 
as it falls from the top crucible into the accumulator crucible is in 
the form of a liquid slag, and practically in an undustable con
dition. Where a slight dusting may take place is in the feeding of 
the charge into the top crucible, but even this can be overcome to a 
great extent, if not altogether eradicated. Yet it is noteworthy 
that should dusting take place anywhere in working this slimes 
furnace it will be deposited in the smelting room, and can be easily 
recovered, whereas through the medium of the chimney of the 
reverberatory furnace, the bulk of the dusting from snch a furnace 
finds an everlasting resting-place on the veldt, and is irrevocably 
lost, to the detriment of the gold output of these fields. I maintain 
that this defect is sufficient to condemn any system of reverberatory 
smelting, for you never know what result may be obtained until. 
your gold is actually won, and your loss remains an undefined factor. 

Mr E. H. Johnson alludes to the want of uniformity of heat in 
the assay furnace working at the City and Suburban Gold Mining 
Company, but that can be obviated by closing several of the small 
apertures where the heat is most intense, thus diverting it to the 
colder portion of the furnace. 

Before concluding I must thank the President and your members 
of Council in allowing me to expatiate on what I truly consider an 
advancement in laboratory and smelting work. 

My thanKS· are also due to Mr Upton, manager of the City and 
Suburban Gold Mining Company, for placing at my disposal the 
requirements necessary for the trials made, as also to Mr Howell, 
the assayer of the same company. 
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Electrz'c Drzll-Izeatz"ng Furnace I95 

CORRESPONDENCE, MARCH JOURNAL, 1903 

nir A. W. K Pierce-I note in the Journal for February that in 
the reply to the discussion on his paper, Mr Laird makes a state
ment to the effect that an electric furnace for heating drills would 
require 40 LH.P. to heat 70 i-inch drills per hour. 

Although the discussion on Mr Laird's paper is closed, I would 
like to point out that in a form of electric drill heating furnace, 
invented by Mr R. M. Catlin, 70 i-inch drills were heated to a 
proper degree for sharpening, in one hour, with an expenditure of 
8 KW. of electric energy. With a very liberal allowance for 
transmission and generating losses this might amount to as much as 
14 LH.P. 

I would say that this result was obtained with an experimental 
form of furnace, which has since been materially improved, but no 
further tests have been made on the size of drill mentioned, as 
the development of the furnace has been for the purpose of heating 
star bits. 
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XIII 

THE THEORY OF MISS-FIRES AND SOME OONOLUSIONS 

OF PRAOTICAL VALUE 

By E. H. WEISKOPF' (MEMBER) 

(Read at Novembm' iJ1eeting, 1902) 

ALTHOUGH the title. of the paper indicates in general terms the 
various reasons for miss-fires, it is my intention only to refer to 
miss-fires occurring with nitro-glycerine explosives, which are at 
present the only ones used on the Rand. 

The miner calls everything which results in the non-explosion of 
his charge a miss-fire, and the term is therefore one which is very 
enigmatical. Miss-fires in the ordinary sense occur through the 
miner omitting one or other of the rudiments of his business,. 
through the detonator becoming detached from the charge, and 
through many other similar causes. A miss-fire from the chemical 
point of view is, however, a very different matter, and is generally, 
caused by an insufficiency of either explosive or detonating mixture,. 
or by a certain physical condition of the explosive itself. The 
results of it miss-fire such as this are most serious, for not only might 
a paTt or the whole of the charge be left in the bore-hole, endangering 
the miners' lives, but through the incomplete explosion poisonous 
gases arise. Statistics show that miss-fires are perhaps the most 
frequent cause of accidents in wining, and I, therefore, believe the 
matter to be of sufficient importance to justify the reading of a 
paper on the subject. Thanks to the extent and variety of his 
researches, Berthelot, the celebrated French scientist, has become 
the authority on the chemistry of explosives, and since the publica
tion of his standard work, "Sur la force des Matieres Explosives," 
we have been able to gain a clear insight into the causes of what 
may be called chemical miss-fires. As a result of these researches 
and, I hope, of the few words I am going to say about them, it will 
be possible for those who follow me to form an independent opinion 
on each case as it arises, and thus to take proper means to avoid 
them in future. Everyone of us has, I am sure, formed an opinion 
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Decomposition of Explosives 197 

about the theories of light, electricity, sound, etc., but I am afraid 
very few have gone so much out of their way as to study the theory 
of modern explosives. And this, perhaps, can scarcely be wondered 
at, as the study of the theory of explosives appeals, after all, to 
very few people. It is the object of the explosive chemist to devise 
explosives which serve the purpose of the practical man, and you 
all know that where one explosive might be used with advantage, 
another would be absolutely useless. Therefore, the practical man 
and the chemist must work, to a certain extent, together, and I trust 
that what I have to say may assist the practical man to clear up 
problems which he meets with almost daily. 

Before going into the theory of miss-fires themselves, it would be 
well to consider the question of decomposition of explosives in 
general, as both are so intimately connected. 

The explosion of a homogeneous substance is due to a decom
position, i.e. a chemical reaction in the interior of the substance, 
and is generally brought about by a violent shock caused through 
the detonation of a primer, commonly called detonator. Any 
energy resulting either from the shock of an exploding primer 
or a heavy blow will, if resistance be encountered, be transformed 
into heat. This transformation will, owing to the suddenness of 
the shock, take place in the first layers reached. Assuming that 
the heat thus developed is high enollgh to decompose this thin 
layer of substance, the sudden formation of great quantities of gas 
will produce a new shock, which will doubtless be more violent than 
the original one. The resistance of the surrounding layers will 
change the energy of the new shock again into heat, which in turn 
will cause the decomposition of another quantity of the explosive 
and so on, until the whole mass of it is exploded. It will thus be 
seen that if the energy developed by the decomposition of the first 
portions, communicates itself to the neighbouring parts, so as to 
determine step by step the decomposition of the whole mass, we 
shall obtain a complete detonation as the result of the shock. 
Different explosives have a different temperature of decomposition, 
and the lower this latter is, the more sensitive to shock will be the 
substance. This can easily be illustrated. The Spreng~l class of 
explosives-which are essentially non-explosive in the ordinary 
sense-are very stable. They are generally mixtures of oxidising 
bodies such as nitrates, with comparatively inert organic matter 
such as sawdust, resin, etc. Their temperature of decomposition is 
therefore high, consequently they are insensitive. Nitro-glycerine 
explosives are the exact reverse. 
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Sensitiveness of tile E'xplosive 

The propagation of the decomposition in' an explosive substance, 
which we will assume for the purpose of argument to be homo
geneous, will be transmitted in the form of waves originating at 
one point and spreading in a circular manner in every direction 
throughout the entire mass. These" explosive waves" will travel 
with great velocity, and could not be mistaken for a simple inflam
mation, due to the contact of ignited bodies. The velocity of these 
waves, and with it the rapidity of the propagation of the combustion 
will, of course, be decided by the chemical stability of the explosive, 
but with regard to one substance, it will depend on the intensity cif 
the first shock. Th1:s shock determines the intensity of the initial 
explosion, "and consequently that of the entire series of consecutive 
effects. In other words, an explosive will decompose tlie more 1'eadily 
and more completely the greate?' the ene?'gy of the detonating primer. 
The more insensitive an explosive is, the greater will the initial 
shock have to be, and consequently a greater detonating charge 
will have to be employed. A practical illustration of this is the 
difficulty of exploding a member of the Sprengel series of explosives, 
as compared with the relative ease of ordinary kieselguhr dynamite, 
for which a No. 3 detonator is always strong enough. The 
Sprengel explosives must have No.6 as a minimum, and frequently 
No.8. 

Up till now we have seen how the decomposition of a homo
geneous substance is started, how it is propagated through its mass, 
and under what conditions a complete detonation is possible. In 
dealing with the practice of mining we have, however, to consider 
that the explosion of the first portion of the explosive will have to 
be transmitted to the rest of the chargl'. 'We cannot assume that 
the whole charge of a bore-hole is a homogeneous substance. There 
are spaces between the individual cartridges, and the theory of the 
propagation of the decomposition by the explm;ive waves, will, 
therefore, not be a sufficient explanation. In cases of which this is 
a type the explosion will be further transmitted by influence. It is 
well known that this kind of propagation takes place at considerable 
distances through the medium of air or any other substance. The 
length of this distance will vary with the nature of the explosive 
itself, and also with the nature of the transmitting, agent. The 
greater the pressure of the first exploding substance, i.e. the. 
rapidity of the explosion and amount of gas formed~ or the less 
elastic the transmitting agent is, the further will the influence of 
the explosion reach. This propagation by influence is due to 
mechanical waves, which are produced by the shock of the detonat-
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Transmission of the Explosion 199 

ing substance, and are transmitted by the transmitting agent in 
circular form. They lose in intensity the further away from the 
centre of vibration they get. A second cartridge will be exploded 
'if within reach through the reproduction of the initial shock, and 
this second explosion will in turn be transmitted to neighbouring 
charges. Therefore a general explosion under the conditions just 
described can easily be produced by influence. From this it is 
evident that the existence of air spaces between the individual 
cartridges will diminish the violence of the shock transmitted, and 
consequently that of the explosion. The explosion propagated under 
such unfavourable conditions may grow weaker from one cartridge 
to -another, and may even change its character. Several things 
contribute to the production of such an effect. Assuming that the 
initial explosion is not strong enough, through the use of too weak 
a detonator, or that large spaces exist between the individual 
cartridges, the shock transmitteu to the neighbouring mass of the 
explosive will not be sufficient to raise the temperature to the point 
necessary for complete decomposition, and the explosion will either 
cease to reproduce itself or will give rise to an incomplete decom
position. In practice this manifests itself in either or both of two 
ways. Firstly, the amount of rock or material of any kind brought 
down is very small. Secondly, noxious gases are produced which 
are not only poisonous but positively deadly. With reference to 
the former, those of you who are sportsmen will know what is 
meant by a soft shot. The cartridge goes off all right, the pellets 
strike the bird, and a few feathers are knocked out, but the bird 
seems to enjoy the operation, and flies away none the worse. Now, 
the general cause of this phenomenon is either a weak cap or a 
weak effect produced by the striker-pin being short or flat or even 
the hammers being a little weak. Whatever the reason, the initial 
shock is not great enough, and very frequently, in addition to 
missing the bird, one's lungs are filled with nasty gases. 

Those who have followed me thus far will now have no 
difficulty in applying these theoretical deductions to th,e practice 
of blasting. 

As intimated in the introduction of this paper, we shall only con
sider the case of nitro-glycerine explosives, as these are the ones 
most commonly in use in this country, and indeed, almost every
where. Nitro-glycerine itself is the strongest explosive kllown at 
present. Being a liquid, it is both inconvenient and dangerous to 
handle. Nob~l made it useful in practice by absorbing it in 
kieselguhr or fuller's earth, and this is called ordinary dynamite 
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200 Sensitiveness of Dynam-ites 

The properties of such explosives similar to ordinary dynamite will 
naturally be dependent on the amount and nature of the absorbing 
ingredients. There are absorbents which do not take part in the 
explosion, they are inactive and serve more or less as a diluting 
agent of the nitro-glycerine. Other mixtures will take part in the 
explosion, in so far as the decomposition of the nitro-glycerine will 
inflagrate them, and the products of combustion of the above com
ponents will increase the total amount of gases formed. These are 
called active absorbents. There are quite a number of such 
dynamites in use, and their composition should always be so chosen 
as to ensure a complete combustion of the absorbents, and at the 
same time give the maximum quantity of gaseous product;:. The 
Dynamite II. and the Transvaal gelignite made at the Modder
fontein Factory are fair representatives of this class. In all these 
explosives uitro-glycerine is invariably the explosive body. Their 
effectiveness and sensitiveness depend on the percentage of nitro
glycerine contained, on the relative proportions of the other com
ponents, on the manner in which the nitro-glycerine is distributed, 
and lastly, on the physical properties of the whole mixture. This 
latter is a most important point. Nitro-glycerine itself is very 
sensitive to shock, but if absorbed by kieselguhr it becomes much 
less susceptible to it, because the porous structure of the silica 
milita,tes against tlie immediate and local communication of energy. 
Experiments have further proved that the sensitiveness of dynamites 
vary in proportion to the percentage of nitro-glycerine which they 
contain, but this almost stands to reason. Blasting gelatine, 
which consists of nitro-glycerine and collodion cotton, constitutes 
an elastic mass which is very slightly sensitive to shock. If 
camphor or resinous matter be added, the elasticity and cohesion 
of this mass can be brought to such an extent that it becomes 
almost insensitive. That is to say, that a blasting gelatine to 
which a considerable amount-say 10 per cent.-of camphor has 
been added, cannot be made to explode completely by any known 
detonator. This phenomenon might be explained through the 
initial shock of the detonator being immediately propagated over 
the whole mass (by reason of its elasticity), and that portions of 
the energy, instead of being transformed into heat, are expended in 
tearing up and separating the particles of the explosive. All nitro
glycerine explosives are subject to the above condit.ions in a more 
or less marked degree, and it will thus be seen, that, as the rapidity 
and energy of the explosion depend on the energy of the primer, 
different explosives will require detonat.ors of a different strength. 
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Incomplete Decomposition and Results 201 

The manufacturer generally recommends suitable detonators for 
the special kind of explosives which he manufactures, and it is 
false economy to disregard his advice. A weak detonator can only 
cause loss of energy, and, as has been fully explained, it might 
also result in an incomplete decomposition, with all its baneful 
consequences. 

From theoretical considerations alone we now know that the 
individual cartridges of the charge should be placed into as close 
contact as possible - in practical language they must be well 
rammed. We have also seen that a miss·fire, in the chemical sense 
of the word, not only effects considerable loss of energy, but that 
the explosion once started might cease altogether. Under these 
circumstances part of the charge would thus be left in the hole, 
and many a fatal accident has resulted from this cause. We have 
further seen that the incomplete decomposition is accompanied by 
a formation of " red fumes ,! and other poisonous gases. The forma
tion of such gases in pure nitro-compounds is due to the incomplete 
decomposition only, the mechanical energy developed not being 
sufficient to decompose the substance completely. "Vith dynamite 
and other substances of varying composition it is partly due to an 
incomplete combustion, and greatly affected by the nature of the 
.admixtures. The limited space of this paper does not allow me to 
deal fully with all possible combinations in the latter class, aml I 
shall only devote some general remarks to them. With pure nitro
explosi ves, in our case nitro·glycerine, the reactions are com
paratively simple, and it is WOI'Lh while to study them a little more 
closely. Nitro-glycerine is synthetically arrived at by substituting 
the hydrogen uf the hydroxyl groups of a tri-atomic alcohol 
(glycerine) by nitrogen peroxide groups. Its constitutional formula 
will therefore be :-

CH20N02 

I 
CHON02 

I 
CHPN02 

When exploded in a confined space it decomposes according to the 
following equation:-

2CsH5(ON02)s = 6C02 + 5Hp + 6N + 0 

It will be noticed that a surplns of oxygen is set free in the 
reaction. In a state of incomplete decomposition the N02 groups 
will simply detach themselves, giving the well-known" red fumes." 
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202 Poisoning by Nz"tro-Explosives 

This latter reaction does Bot necessarily take place quantitatively. 
The products of decomposition will, therefore, vary greatly, but 
will always contain greater or smaller quantities of nitrogen 
peroxide, nitric oxide, nitrogen, carbon monoxide, carbon dioxide, 
hydrogen and water. Of the foregoing, nitrogen peroxide and 
carbon monoxide prove the most dangerous to the human system, 
as both of them combine with the hmmuglobin of the blood. ·When 
this takes place, as in "gassing," the blood loses its property to 
transmit the oxygen of the air into the system, and death will be 
the unavoidable consequence, i.e. if a sufficient quantity of hmmo
globin is thus fixed. Nitrogen peroxide has, besides the property just 
referred to, a cauterising effect on the tissues and blood vessels of 
the body. If we assume that the quantity of nitrogen oxides inhaled 
was not snfficient to endanger the life of the person through com
bination with the hmmoglobin of the blood, but that part of the 
fumes cauterised the tissues and blood vessels of the lungs, with 
which it was bound to come into contact, death might follow as in 
the other case. It would come about throngh the bursting of the 
weakened arteries. It follows, therefore, that any medicament or 
treatment which either excites the affected person, or raises the 
circulation of the blood, will have fatal results, as these tend to 
burst the already weakened blood vessels. One curious fact in 
connection with t4e inhalation of these gases is, that the individual 
may feel comparatively well at first, but the collapse is wonder
fully sudden afterwards. This might be explained firstly, by the 
peculiarities of the poisoning as described above, and also by the 
assumption that nitric oxide is inhaled, which, in the system 

. itself, will be oxidised, thus producing the much more dangerous 
nitrogen peroxide. The best treatment for such cases will therefore 
be, to give firstly, sedatives and any volatile alkalies, which latter 
neutralise the acid fnmes. After a sufficient dose of the above 
mixture has been given, the patient should have complete rest, with 
plenty of fresh air. We have found three to five drops of liquid 
ammonia, and three to four drops of chloroform in a glass of water, 
given as a drink at intervals of about ten minutes, to be of great 
value. All the foregoing will apply to any pure nitro-explosive, 
and we can safely consider blasting gelatine as such for this purpose. 
With dynamites which have an active absorbent as a base, the 
formation of poisonous gases will vary with the composition, as, 
besides the gases origillating from the nitro-glycenne, considerable 
quantities of carbon monoxide and other gases will be formed. In 
such cases the treatment will have to be different from the one 
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Cause of Mz"ssjires 203 

referred to above. The nature of the carbon monoxide poisoning 
will require stimulants and artificial respiration, in fact, anything 
which increases the circulation of the blood. But, as the presence 
of nitrogen oxides might have endangered the patient through their 
cauterising effect, it must be left to the medical man to decide 
whether it is advisable to employ a treatment which is, in such 
cases, not without danger. The neutralisation of any acid fumes 
by a few drops of liquid ammonia given in the manner described 
before, will, in any case, be advisable. 

With these few practical hints I bring this paper to a close, but 
I am well aware that a great deal more might be said. Perhaps 
the discussion, which I trust will follow, will give me an oppor
tunity of going more fully into the matter, which concerns many of 
you here as practical men handling explosives every day of your 
lives. One thing I am certain of, and it is, that most miss-fires are 
due to a want of the observance of the ordinary dictates of common 
sense, and this fact is very generally recognised now. Explosives 
are not blameless-no one will say that-but, as a general rule, 
when a miss-fire occurs, the cause is traced to the insufficiency of 
either fuse or detonator, and not to the insensitiveness of the 
explosive. 

Perhaps, at some future date, I shall have an opportunity of 
addressing you on the subject of the sensitiveness per se of ex
plosives, and within the next few months we shall hear plenty 
about it along the Hand, or I am very much mistaken. 

DISCUSSION AT DECEMBER MEETING, 1902 

Mr J. Thomas-I have been carefully through Mr Weiskopf's 
paper in order to find the theory of miss-tires, as suggested by the 
title of his paper. 

The only suggestion of a "theory" I can find, however, is that 
miss-fires are due, either to using too weak a detonator, or to the 
inseJ;lsitiveness of the explosive. 

In: my experience, by far the greatest number of miss-fires arise 
from :-

(1) Bad and cheap safety fuse. 
(2) Carelessness in handling ~afety fuse. 
(3) Carelessness in fixing on the detonators. 
(4) Detonators not cleaned out. 
(5) Low class detonator and insensitive explosive. 
6) Carelessness generally. 
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204 Origin 0./ Jl;fiss-fires 

(1) Cheap fuse.-I have had 20 years' experience in the manu
facture of safety fuse, and I know that a good reliable safety fuse 
cannot be sold in Johannesburg at the prices at which it is being 
offered by some firms and yet leave a profit. 

It must be evident that to sell at such prices must either mean: 
1. A quali ty less reliable than that manufactured under profitable 
-conditions which would naturally ensure greater care; 2. That 
manufacturers are sacrificing profit meanwhile, in order to gain 
a footing for other goods. 

Until some measnres are enforced to ensure a reliable quality, 
and so long as the percentage of miss-fires is not too great, the fuse 
will probably be considered by some as good enough. In my 
opinion this is a great, mistake, for where men's lives are at stake 
nothing but that which is above suspicion shonld be used. 

(2) Carelessness in the handling of safety fuse.-Miners, as a 
rule, if they are going to charge any number of holes, cut the 
number of pieces of safety fuse into the lengths required, and then 
place them somewhere, until each in turn is wanted. Should, 
however, under these circumstances, the small column of powder 
at the ends touch the least clamp, it will not convey sufficient fire 
to ignite the detonator. 

(3) Ca.relessness in fixing the detonator on the fuse.-It is pos
sible in wet ground for the outer layer of cotton to act as a channel 
to convey water into the cap. This has been known to be the case 
where proper care has not been taken against its possibility. 

(4) Detonators not properly cleaned out.-This I have known to 
be the case many times; I had such an experience only a week or 
two ago. The detonator -had passed through th,e hands of two 
miners, two holes were fired but only one exploded, and on ex
amination afterwards it was found that the detonator still contained 
sawdust. 

(5) Low class detonator.-Sometimes, as pointed out by Mr 
'Weiskopf, the detonator is at fault. With detonators of the 
cheaper kinds, not uniform in strength, and with detonators too 
weak, also with insensitive explosives, miss-fires do, no doubt, 
sometimes occur, and I think that in the majority of cases partial 
miss-fires may be expected. 

I am a believer in the old time primer being used to assist in 
detonating the main body of the charge. 

(6) Carelessness generally.-I am afraid that too often miners at 
work give little heed to what may be termed" little things," and a 
confession I often hear is, "'vVell, men will not take the trouble." 
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Partial Miss-jires 205 

I am disappointed in one feature of the paper, namely, Mr Weis
kopf's remedy against miss-fires. He says, "I hope it will be pos
sible for those who follow me to form an independent opinion in 
each case as it arises, and thus to take proper means to avoid them 
in the future." 

This advice, I presume, refers to the manufacture both of de
tonators and nitro-glycerine explosives, for the causes set forth by 
Mr Weiskopf are weak detonators and insensitive explosives. Let 
us hope then that the manufacturers will take this advice to heart. 

One of the greatest dangers that we have to guard against is, in 
my opinion, partial miss-fires, caused sometimes by badly incor
porated mixtures; also in the case of blasting gelatine by too large· 
a percentage of collodion cotton, and sometimes by the detonator' 
being under-charged. Thus parts of charges are left in the hole, 
and then attempts are made to deepen the holes, with the result 
that at the first blow an explosion occurs, and those near are killed 
or injured. 

Boring in old holes is responsible for, by far, the greater propor
tion of accidents with explosives that occur on the Rand. 

Just a word as to the tre3tment recommended by Mr Weiskopf 
of a man gassed by nitric fumes. No doubt the treatment is 
theoretically good, but I may say that I know of a factory where a 
few drops of ammonia in water were given to men so gassed, and 
oxygen was inhaled for about five minutes, after which they com
pletely recovered and returned to their work. 

In conclusion, I would thank Mr "\Veiskopf for his suggestive 
paper, and I trust that the discussion that may follow will be such 
as to make tlie manufacturers careful in producing good explosives,. 
and the miners more careful in its use. 

Mr J . Watson-At the November meeting I listened to, and 
have since read, Mr Weiskopf's excellent and thoroughly scientific 
paper. There is one point on which, perhaps, the author could give 
IlS further information, and which would, I feel sure, be of great 
use to practical mining men. 

The point is this: When a miss-fire has taken place, through 
what thickness of tamping, or -stemming, is it practicable to explode • 
the original charge by inserting a fresh cartridge, with detonator, 
fnse, and additional tamping 1 

Some three or four years ago I learned from a Transvaal mine 
manager that 14 inches of tamping is about the maximum amount. 
through which the original charge can be exploded, and, from my own 
experience, I have no reason to 'doubt the accuracy of this statement .. 
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206 M£ss-jire and Tamping 

The withdrawal, or unramming, of tamping from a hole which 
has missed fire, is a dangerous operation; but by limiting the depth 
of tamping to 10, 12, or 14 inches (which is surely sufficient to give 
an effective shot), it is a simple matter for the miner or prospector 
(who has had the misfortune to hav~ a miss-fire), after waiting the 
regulation period of thirty minutes, tu insert another cartridge and 
explode the original charge. 

Can Mr vVeiskopf kindly inform us if any series of experiments 
have been carried out to determine the depth of tamping which 
should be used with a view to the above ~ 

It may interest Mr Weiskopf and the members of this Society, 
as illustrating the excellent quality of Nobel's British manufactured 
dynamite, to know that at some mining work, of which I recently 
had charge in Zululand, we used up, in all, 355 Ibs. weight, or 
something like 2770 cartridges, of Nobel's No. 1 dynamite, with 
Nobel's No. 3A detonators, over a period of some nine months, and 
during that time we had only one miss-fire. That particular miss-fire 
was cansed by an accidental disconnection between detonator and 
primer, and not in any way due to inferior explosive. This dynamite 
was purchased from the Government Public vVorks Department in 
Eshowe, and they, I believe, obtain their supply from Great Britain 
via Durban. 

Mr E. H. Weiskopf-I would prefer to reserve the right of 
replying in writing, but I should like to say a few words regarding 
the remarks made by Mr Thomas. My intention certainly was 
only to give the theory of miss-fires, and not to lecture miners how 
to charge a bore-hole. It was not at all within my province. I 
'need not reply to anything urged against a lack of theory in the 
paper. I also pointed out that the non-explosion of a charge is 
mostly due to a miner forgetting one or other of the rudiments of 
his business. I wanted to show why miss-fires occurred after the 
,detonators and fuse have done their work. It was this point to 
which I directed the remarks in my paper. As to "gassing," I 
simply offered some suggestions for treatment which have 'been 
found to be of great value. A lot of "gassing" is not due to the 
,decomposition of explosives at all, but to the fumes of the oxides 
of nitrogen. 

REPLY TO DISCUSSION (JANUARY MEETING, 1903) 

Mr E. H. Weiskopf-From Mr Thomas' remarks, I take it 
that he has not only completely misunderstood the title, but also 
,the intention of my paper. As I remarked verbally at the time, 
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Precautions against Missjires 207 

there are two kinds of miss-fires. One kind is caused through care
lessness in setting the charge, or through the fuse 01' detonators not 
doing their work. 

The other, the chemical miss-fire, is characterised by the fact 
that although the initial explosion has actun.lly taken place, it fails 
to reproduce itself; the miner commonly calls this a soft shot. 
My paper deals only with the latter kind, and it is these miss
fires which need some explanation, and theory alone can do it 
satisfactorily. 

In the introductory remarks of my paper I intentionally specified 
the meaning of miss-fire in the chemical sense of the word, and dis
pensed there and then with the practical term of miss-fire, and its 
usual causes, due to various reasons which I merely indicated, and 
I could hardly have done more without going into practice of 
blasting. 

A subject, such as the one I am dealing with, gives, of course, 
many opportunities to apply the theoretical deductions to practice, 
and I have frequently done so with the object of making the paper 
more interesting and intelligible to the individual who is not a pure 
scientist. There is no doubt that the greater number of miss-fires 
are due to mechanical circumstances such as Mr Thomas has laid 
before you at our last meeting. But their causes will easily be 
traced in the majority of cases, and their explanation needs no 
theory. 

On the other hand, it cannot be denied that miss-fires happen 
which the practical man cannot explain right off, and from personal 
experience I know that in such cases the explosive alone is always 
blamed. 

My paper was intended to show you, with the help of the explosive 
theory, that various reasons can bring about the above effects. 

Mr Thomas presumes that it lies with the manufacturer only to 
guard against such miss-fires, but he seems to have overlooked that 
the miner himself call largely contribute towards such undesirable 
occurrences. There are two factors which the miner must not 
neglect: 1st. The explosives must find as much resistance as pos
sible. (The charge must be well rammed and tamped.) 2nd. The 
explosion itself must be started properly. (Special detonators must 
be used for different explosives.) 

'Vith regard to Mr Thomas' complaint of lack of theory in my 
paper, I only would like to refer him to the following disposition: 
After some more or less general remarks, I give first of all a 
theoretical explanation of explosions in genel:al. Thus I lead the 
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208 Treatment for Poisoning 

reader to recognise the true conditions for a complete decom
position. On this foundation, I discuss and illustrate the effects of 
weak detonators, insensitiveness of explosives, and also careless 
ramming, always from a theoretical point of view. The general 
theoretical deductions I proceed to apply to a special class of 
explosives, and I do believe that the careful reader has been 
enabled to form his own opinion about these chemical miss-fires, 
and will be able to deal with each case on its own merits. 

There are, however, two possibilities where a miss-fire similar to 
the one I am dealing with, might be caused by mechanical circum
stances, i.e. when the detonator is partly or completely withdrawn 
from the primer, or when it is so deeply inserted that there is a 
chance of the charge being ignited by the burning fuse. 

In cases of miss-fires happening, the practical man will have to 
take the frequency of the occurrences into consideration, and he 
will then arrive at a correct opinion as to their proper cause. 

And now a few words with regard to the treatment in cases of 
gassing. As I have fully pointed out in my paper, both kinds of 
gases, carbon monoxide and nitrogen oxides, combine with the 
hremoglobin of the blood. If a sufficient quantity be inhaled, 
death resulting from suffocation due to the arrest of the internal 
respiration would be the conseguence. But as the nitrogen oxides 
have a distinctly cauterising effect on the air passages, and any 
other tissues they come in contact with, they are not only apt to 
extensively weaken the blood vessels and arteries, but also bring 
about serious inflammation of the pulmonary organs; and I 
maintain, that under such circumstances, the application of oxygen 
will do more harm than it will do good. In all these cases of 
gassing, symptoms of suffocation will be more or less visible, but 
I should say these, with the exception of very serious cases, 
might be neglected altogether. 

In now replying to Mr Watson's queries, I must say at once, 
that I am sorry not to be able to give him a satisfactory reply. 

To my knowledge there are no such experiments on record, and 
without such, it will be difficult to give anything like useful 
information. It is true that a charge might be set off by exploding 
a' quantity of explosive placed above the original tamping, provided 
the additional charge is tamped again. 

On the other hand, it is difficult to say what thickness the first 
tamping should not exceed, or what quantity of primer would be 
necessary to explode the old charge. The properties of the 
explosive itself, the kind and nature of the tamping, and the 
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Miss-fires and Tamping 

resistance of the top tamping will greatly influence the proceedings 
in each case. 

There is, however, one method of tamping, which would greatly 
simplify matters in case of such miss-fires happening. I am giving 
it here, although I am not quite sure whether it is practicable, but I 
hope that the practical men amongst you will be able to judge for 
themselves. After the bore-hole is charged, about 2 inches of 
ordinary tamping such as clay ground, etc., is put in, after that, 
2 to 3 inches of some elastic stuff, such as paper, wood shavings, 
cotton waste, etc., is introduced, and the rest is tamped in the 
ordinary way. Should a miss-fire occur, it would then be easy to 
remove the tamping up to the elastic material, and a cartridge of 
blasting gelatine then inserted, and well tamped, is sure to set off 
the old charge. I should further recommend to use in such cases, 
some plaster of Paris as top of the new tamping. 

The President-vVe owe our thanks to Mr Weiskopf for his 
valuable paper and reply, which not only grace this Society, but 
would grace any society in the world. 

Mr J. Yates-Mr Weiskopf suggests that we should try cotton 
waste as tamping, but we have found by experience that if by 
chance the miners use sacking or anything of that nature, it keeps 
us from going to our working places for a long tim\l. vVe are 
simply smoked out. It is worse than any gassing I know of. 

Mr F. Alexander-I think elastic tamping also would greatly 
interfere with the screenings. Although paper is undoubtedly 
used in our mines in ramming down charges, I believe that nothing 
like cotton waste or sacking, or even wood shavings would be 
practicable if used to any extent. 

o 
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XIV 

NOTES ON COMMERCIAL CYANIDE OF POTASH 

By A. WHITBY (MEMBER) 

(Read at Decembe1' M~eeting, 1902) 

THE enormous increase in the consumption of cyanide in the gold 
industry of late years has raised the commercial importance of this 
chemical, and has led to the introduction of new processes in its 
manufacture. It is not my intention in this little note to discuss 
these processes, in fact the data are too meagre to permit it, but 
merely to show how wide the difference there may be in its 
composition while still retaining an advertised percentage, say of 
98 per cent. 

The proximate analysis of cyanide of potash presents many 
difficulties, since there may be present sulphides, carbonates, 
cyanates, carbamides, formates, ferro- and sulpho-cyanide and 
many other impurities, such as sulphates, chlorides, lead, and 
calcium, not to mention water. I wish to confine myself in this 
paper to a simple determination of the ratios of potassium, sodium, 
cyanogen, and carbonates, trusting you will excuse the crudity of 
my methods. In all five samples were _examined emanating from 
four distinct sources. 

The method adopted was to dissolve 10 grammes in 500 c.c. using 
this solution for all subsequent tests. The determination of car
bonate and cyanogen should be made on the freshly prepared 
solution. For carbonates 50 to 100 c.c. were taken, treated with 
two or three drops of ammonia and a 10 per cent. solution of 
calcium nitrate added in slight excess, filtered rapidly and washed 
with hot water containing a little ammonia. The precipitate 
ignited to oxide, weighed, and calculated to carbonic acid. I have 
used a somewhat empirical formula to represent this so as to arrive 
at some idea of the percentage composition. 

The cyanide was determined in the usual way, but in the case of 
No. 3 it was found necessary to remove the sulphides by shaking 

210 
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Analysis 0./ Potassium Cyanide 211 

with precipitated carbonate of lead and filtering before titrating 
with nitrate of silver. 

For the determination of alkalies 50 c.c. were evaporated with a 
slight excess of hydrochloric acid taken up again with a few c.c. of 
concentrated acid and again evaporated. -With the exception of 
No.1, a pure white residue was obtained in all cases. For more 
a~curate work it would be necessary to remove heavy bases by 
dissolving the residue in water, rendering slightly alkaline with 
ammonia, and passing sulphuretted hydrogen to remove the traces 
of lead and iron present. Should calcium be present this treatment 
must be supplemented by the addition of a few drops of ammonium 
oxalate, the solution rendered acid with hydrochloric and again 
evaporated to dryness, gently ignited, and, weighed. For the 
purpose of these experiments, however, it was found sufficient 
to merely evaporate to dryness with acid, as even the most impure 
sample gave mere traces of insoluble residue, and the qualitative 
examination showed little lead or iron and no lime. The total 
chloride was then estimated with decinormal silver nitrate and the 
ratio of potassium to sodium determined by the indirect method. 
The following table gives the results obtained :-

1 2 3 
Potassium 6'5 
Sodium 41'0 
Cyanogen 39'4 
Carbonate (C03 ) 7'5 
Undetermined 5'6 
KCN andNaCN = 78'0 

30'5 
23'9 
38'8 
3'0 
3'8 

85'6 

30'8 
22'1 
37'6 
4'7 
4'8 

83'5 

4 5 
45'6 
11'4 47'5 
40'4 51'2 
0'3 trace 
2'3 1'3 

94'8 98'7 

No.1 was in small rounded lumps and powder, very dirty 
looking, and entirely different in appearance to any of 
the others. 

No.2. Usual irregular masses, white with slight greenish blue. 
No.3. Similar, but pure white. Guaranteed 102 per cent., 

but the sample has been exposed. 
No.4. Coarse powder, pure white. This is a sample of sup

posed chemically pure cyanide of potassium, and although 
bought at a very high price, contains 11 per cent. of 
sodium and the impurities common to commercial cyanide. 

No.5. Is a commercial cyanide of sodium. Guaranteed 125 
per cent. KUN. in pure white crystalline masses. 

Let us glance just for a moment at these figures, You will 
observe with No. 1 that there is more than sufficient sodium alone 
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2 I 2 impurities of Potassium CJ1anidc 

to combine with the cyanogen present and even by uniting the 
bases in the most favourable manner, there can only be 78'0 per 
cent. of active cyanides, leaving 22'0 per cent. of impurities. Nos. 
2 and 3 are very similar, but I may mention with regard to No. 3 
that it is heavily charged with sulphides, and although coming from 
the same source as No.5, is eminently typical of what the manufac
turer can do in the way of nice adjustment. I cannot really express 
any opinion about No.4 except that some attempt has been made 
to turn out a pure chemical of guaranteed 100 per cent. KCN, but 
a very poor one, in view of the price paid. No.5, on the other 
hand, is a sample of a commercial cyanide of sodium showing what 
the manufacturer can do if he tries. 

The sole objects of these experiments was to show how the 
present system of purchasing cyanide left the manufacturers a 
very wide margin for impurities. Take No. 1 for example con
taining about 13 per cent. sodium carbonate and 5 per cent. other 
undetermined impurities. It is doubtful even whether we must 
consider the potassium to be an impurity or not. It is extremely 
easy for the manufacturer to comply with existing conditions and 
yet supply the consumer with a lot of things he can do without. 
and No. 5 shows what a commercial cyanide of soda should be, 
Now with regard to the importance of these unnecessary 
impurities. 

Alkaline carbonates take precedence over any others as tending 
to increase the alkalinity of solutions; then comes cyanates as being 
eventually resolved into carbonates, and of least importance is the· 
presence of sulphides in such small amounts as are usually present. 
The prejudicial effect of traces of sulphide appears to me somewhat 
overrated. Take No.3 for example. This is a cyanide so heavily 
charged with sulphides as to give quite a considerable precipitate 
with alkaline lead tartrate solution, and yet has been extensively 
used without complaint as to its effectiveness. Laboratory experi
ments with fresh solutions might show that sulphides are injurious, 
but not in working solutions containing zinc, which precipitates 
them as zinc sulphide. 

To summarise. We have been using a mixture of sodium and 
potassium cyanide nicely adjusted to 98 per cent. KCN, leaving 
room for extensive adulteration. The effectiveness of the mixed 
cyanides being accepted it would appear desirable to adopt the use 
of a sodium cyanide, dropping the fiction of calling it potassium 
cyanide and demanding an efficiency of at least 50 per cent. 
cyanogen. Or if potassium cyanide is to be used some limit should· 
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Analysls of Potassiuln Cyanzde 21 3 

be given for sodium cyanide present, merely to control the amount 
of inactive bodies. 

I hope at some early date to p'resent a practical scheme for the 
valuation of commercial cyanide, and I should like you to consider 
this paper merely as a preliminary to one more complete and 
satisfactory. 

DISCUSSION AT JANUARY MEETING, 1903 

Mr A. Adair (contributed) - Having been formerly III a 
cyanide works and had considerable trouble with the analysis of 
impure products, perhaps the method given below which is used 
in the works may prove of service in the estimation of the compara
tive values of raw cyanide, and I give it with much pleasure. Mr 
Whitby's paper is very interesting and useful. 

If the proposal has not been already made, I would suggest that 
the present illogical method of reporting as KCN be discouraged, 
and that in place of it the guaranteed percentage be reported as 
Cyanogen as Alkaline Cyanides. This would give direct comparative 
values for the different makes and exclude all other cyanogen 
compounds. 

The silver nitrate method for the estimation of cyanide is not 
trustworthy in the presence of impurities, and even extensive 
adulteration might not be detected. The method referred to 
above was originally devised for the estimation of ferro-cyanide 
in pot metal (a very impure product). It can readily be adapted for 
the estimation of CN in commercial cyanide, and is preferable to the 
silver nitrate method for this purpose because although not quite 
so quick, only the useful cyanide is estimated: cyanates, sulpho
cyanides, sulphides and chlorides even in large percentages do not 
sensibly affect the result. . 

The outline of the method is to convert the cyanide as such into 
ferro-cyanide-next to oxidise with potassium permanganate in 
the presence of sulphuric acid. The ferro-cyanide is oxidised to 
ferri-cyanide only, whereas cyanates, sulpho-cyanides and other 
impurities are either distinctively oxidised or converted into sub
stances which do not interfere with the final steps of reducing the 
ferri-cyanide to ferro-cyanide, and the titration of the latter with 
potassium permanganate in acid solution. 

Estimations can be made in fifteen minutes, and concordant 
results are obtained in different operators' hands. 

The solutions J'equired are :-
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214 Analysis 0/ Potassium Cyanide 

25 per cent. caustic alkali. 
20 per cent. sulphuric acid pure. 
Saturated solution.of potassium permanganate} approximate 

Do. do. ferrous sulphate strength only. 
To KMn04· 1 c.c. = ·156 grammes total ON; or more con

venient strength, 1 c.c. = ·100 total ON. 

The solution is standardised with potassium ferro-cyanide. 
3 grammes are dissolved in 300 c.c. water and 15 c.c. of the 20 
per cent. sulphuric acid are added. 

880 x 3 
Value ON in grari:tmes per c.c. 

157·9 x c.c.. consumed 

Method.-10 grammes of the cyanide aTe weighed into a litre 
flask and about 200 c.c. water used to diosolve it, add 2 c.c. of the 
alkali solution and a quantity of the ferrous sulphate solution equal 
to 12 grammes crystallised ferrous sulphate, add the latter 5 c.c. at 
a time and shake well. 

6KON and FeS04 + alkali = K4Fe(ON)6 + K 2S04 + alkali. 

The reaction is immediate. Add sulphuric acid until prussian 
blue is formed. Then 15 c.c. sulphuric acid and saturated solution 
of permanganate until the colour remains persistent, the colour can 
be seen through the edges. 1 or 2 c.c. or more in excess does not 
matter. The above quantity of acid is enough for each gramme 
of potassium permanganate added, but if more than 1 gramme 
potassium permanganate is used acid must be added in the same 
proportion, viz. 15 c.c. to each gramme of potassium perman
ganate used. If much sulpho-cyanide is present, allow to stand 
fifteen minutes, and, if necessary, a further addition of potassium 
permanganate may be required. The reaction is :-

5K4Fe(ON)6 + 4H2S04 + KMn04 = 5K3Fe(ON\i + 3K2S04 + 
KMnS04 + 4Aq. 

N ext add ferrous sulphate solution in quantity equal to 15 
grammes and immediately 15 c.c. alkali solution. The solution 
must be strongly alkaline. Shake thoroughly and make up to 
the mark, again mixing thoroughly 

K gFe(ON)6 + FeS04 + 3KOH = K4Fe(ON)G + Fe(OH)g + K 2S04. 

This is the simplest possibility, but it may be 

2K3Fe(ON)6 + 3FeS04 = Fe'" gFe2(ON)6 + 3K2S04FegFe2(ON)12 + 
8KHO = 2K4Fe(ON)6 x'Fe30 440H2 
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Sulphides in Potassium Cyanide 21 5 
Filter through a large folded filter. The titration is completed 

by taking 500 c.c. or an aliquot portion adding 20 c.c. sulphuric 
acid and adding the standard potassium permanganate. 

The influence of the precipitate on the results is small. It may 
be ascertained by testing a weighed portion of pure potassium perman
ganate adding the quantities of solution as for an impure sample. 

The President-I am sorry Mr Whitby is not here. I would 
liked to have asked him one question. On page 212 he says 
"laboratory experiments with fresh solutions might show that 
sulphides are injurious, but not in working solutions containing 
zinc, which precipitates them as zinc sulphide." Is it not because 
they have a practice of using acetate of lead on the top of their 
tanks, because unless the gold is dissolved, there is hardly any use 
passing the solutions over the zinc. If they are in the habit of 
sprinkling acetate of lead on the top of the tanks the sulphide will 
be decomposed and the cyanide will be left free of sulphides. That 
is the only point I see which requires any criticism. The rest of 
the paper is practically, I think, commercially correct. 

Mr E. H. Johnson-Mr Whitby is looking at it from a purely 
laboratory point of view. He has overlooked the important point 
that lead acetate is added to the solution. 

The President-At one of the plants I was called in to see, it 
was said the gold could ~ot be dissolved in the time, but as it was 
done before an examination was made of the cyanide which showed 
a very large amounL of sulphide; the addition of a necessary 
quantity of acetate of lead gave them no further trouble. I think 
Mr Whitby must have forgotten the fact of the use of acetate of 
lead. 

REPLY TO DISCUSSION (JlfARCH MEETING, 1903) 

Mr A. Whitby-In reply to Mr Adair's remarks on my paper, I 
wish first to emphasise what I originally stated; tlutt is, that 
I make no claim to any special accuracy in the methods employed. 
The paper was not intended to represent a correct method of analysis 
but rather to point a moral. 

Mr Adair's process of determining cyanides is an interesting one. 
I am sorry that I have not yet had an opportunity of testing it, 
although I have used modifications of it in the estimation of ferro
and ferri-cyanides. My experience does not point, however, to any' 
great accuracy in the conversion of prussian blue to soluble ferro
cyanide by alkalies, and its subsequent titration with potassium per
manganate. Mr Williams and Mr Johnson have raised an important 
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216 Zinc Sztlphide ZI1, Sumps 

objection to one remark of mine, and on reviewing the matter care
fully, I am somewhat sorry I made the statement. The reaction, if 
it does take place, is extremely difficult to prove, but the, hypo
thesis originally arose in my mind from the finding of zinc sulphide 
in the mud at the bottom of a strong sump, and also from the ease 
with which zinc can be separated by means of alkaline sulphide in 
the presence of cyanide. 

But, on refiection, and after carrying out a few experiments to 
determine the point, it seems that although it is quite easy to pre
cipitate zinc by sodium sulphide in a cyanide solution when the 
reagent is in slight excess, the converse hardly holds good. vVe 
are dealing here with a case of extreme dilution, and it becomes a 
grave question whether the small amount of sulphide present in the 
cyanide will cause any precipitation of zinc sulphide in the strong 
sump. I would like to get more data, and particularly to examine 
the sediment from a sump where such a- cyanide has been used 
before deciding the point. 

Mr Alfred James, in his" Cyanide Practice," page 129, states that 
"the accumulation of zinc in solution is, however, prevented by the 
action of the sulphide contained in the ore and in the cyanide," 
which appears to have some bearing on the subject. 

My own experiments go to show that the removal of sulphidps 
by means of the zinc in the sump solution, under conditions which' 
would arise from the addition of a cyanide containing them, takes 
place very slowly and less completely than it would were a lead 
-salt present. 

In the last chapter of Allen's" Commercial Organic Analysis," 
vol. iii., part iii., latest edition, which I recently received, the 
question of purity of cyanide and the infillence of sodium salts used 
in the manufacture on the percentage of available cyanide is referred 
to somewhat fully, and I find Mr Allen draws very similar con
clusions to myself. 
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xv 

lVIINER'S PHTHISIS: SOME NOTES AND SUGGESTIONS 

By WILLIAM CULLEN (MElIIBER) 

(Read at Feb1'ua1'y Meeting, 1903) 

I MUST confess I have written the following few notes not with 
the idea of endeavouring to enlighten any of you on a subject 
which is, one might sa.y, so notorious at the present moment, but 
rather with the object of raising a discussion. There is an un
doubted tendency just now to ascribe every kind of trouble to 
which a miner is particularly liable to miner's phthisis, and I 
think it is being rather overdone.. Yet the subject cannot be 
entirely uninteresting to the members of a society who~e interests 
are so closely.identified with those of our paramount industry. It 
has not yet been proved that chemistry call have anything to say 
on the matter, but rightly or wrongly, those" noxious gases" have 
found their way into the discussion, and there are one or two 
mis-statements, not intentional I know, which I shall take the 
opportunity of correcting in the course of this paper. 

I am not going to attempt to define "miner's phthisis" from any 
point of view, but statistics show quite clearly that the mortality 
among miners on these fields, as -well as on similar fields where 
the conditions are analogous, are pretty high. It is a most laud
able thing to endeavour to get at the cause and if possible to 
discover a preventive, but there is a tendency ill the discussions 
which have taken place to rush off at a tangent and to give side 
issues a prominence which they do not deserve. On the other 
hand, it goes without saying that the collective opinion of those 
entitled to speak with authority, is in favour of the theory of the 
accumulation and subsequent caking of dust on the ti,sues, and this 
is likely to turn out correct,' more especially as a similar trouble 
is well known in various trades. 

Now let us realise the conditions of working in a mine. I may 
be wrong, but I presume that the only two conditions under which 
a miner call get an overdose of dust, are-1st, "\Vorking dry holes 
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2 I 8 ~Vorkillg Conditions and Plzthzsis 

with the rock-drill; 2nd, Entering a working before the dust 
produced by the blast has had time to settle. Of course, under 
normal conditions, this does not take a long time, as we all know. 

Now, assuming that this is a primary cause of miner's phthisis, 
the removal of these conditions and the substitution for them of a 
more healthy set of conditions belongs to the realm of mechanical 
engineering, and already there are indications that the problem is 
about to be solved. Of course, this has been recognised as a 
problem for many years now, and long hefore the appointment of 
the commission at present taking evidence on the subject, attempts 
had been made to reduce the inhalation of dust by means of masks, 
atomiser's, and sprays. 'Ve all know, however, how perverse 
human nature is-how familiarity hreeds contempt-and unless a 
miner can be provided with a device which docs not put him to 
inconvenience" in any shape or form, he will never go out of his 
way to use it, unless the non-compliance with regulations regarding· 
its use, be made a criminal offence. I am nut going to discuss the 
relative merits of the three systems which I have just enumerated, 
but would merely point out that it is just a problem whether it is 
not better from a health point of view to inhale the dust and work 
under comparatively dry conditions, than to trap the dust and work 
in sopping wet clothes, with all the other attendant risks. At any 
rate, this is a subject worth discussing. N ow, I do not know 
whether any of you have ever worn a mask for any length of time 
or not, but even with the best of them the feeling of stuffiness and 
general discomfort bee-omes, after a time, almost unbearable. 

In certain industries, legislation has made it compulsory for the 
work-people to wear masks, hut for the reason just referred to, and 
incidentally to the want of common-scnse in the design, it is 
generally the case that the workman seeks by every means to 
avoid having to wear them. Masks will, therefore, I am afraid, 
never be popula1', but as a preventive against the inhalation of dust, 
they are, no doubt, very efficacious. Now, it has been contended, 
with plenty of reason, that the atmosphere ill which the miner 
works has a great deal to do with his health. Indeed, there is no 
getting away from this fad, as also that in some places, such as 
blind drives, raises a.nd winzes, the vcntilation is none of the best, 
and that it would be unhealthy for any person to work in them. 
I merely mention and emphasise this fact to point out that it can 
have no possible connection with. miner's phthisis as a specific 
disease. Of course, continuous working in a bad atmosphere will 
make any person physically unfit, and therefore predispose him to all 
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Mask used in Mines 21 9 

sorts of trouble. Now, I have no doubt whatever, that tHis condition 
of things will be remedied even before legislation compels the mining 
companies to do more than they are doing now, but the obvious 
solution of the question is to improve the ventilation, and carry 
air pipes wherever possible. This is already being recognised, and in 
the long run it will pay to devote attention to the matter. There is 
still another possibility that even with this improved ventilation the 
gases· exuded by the rock itself, or from fissures, is sufficient to 
make the atmosphere bad. I think I am right in saying that this 
state of things is conceiYable, and does sometimes .actually occur, 
but this also can be avoided. There is no earthly reason why a 
miner should not wear a mask, the interior of which is continually 
supplied with a current of cool air direct from the air pipe working 
the drill. This has been proposed by Dr Amyard, and although it 
can only have a v~ry limited application, one can imagine circum
stances under which it would be extremely beneficial. Of course 
such an arrangement must minimise the stuffy feeling already 
referred to, and if a light rubber tube were made the connecting 
medium one can conceive that the illcollvenience involved in its use 
would be very little indeed. The object of such an arrangement 
would be two fold. Firstly, to catch dust; secondly, to supply the 
miner with fresh cool air. 

The inconveniences of the arrangement are yery obvious, the 
principal one being that it could only be really efficacious when 
a man, say a machine man, was working at his specified place. It 
would be of 110 use if he had to move about. Another question is 
raised here, viz.: Is the air supply from the compressors really 
pnrer than the air of the mine after all? This looks almost like 
begging the question, seeing the air from. the compressor is meant 
to improve the ventilation, but it is nndoubted that even under 
the best conditions considerable quantities of oil are carried to 
inconceivable distances. From personal experience, I know that it 
is a very difficult thillg to prevent this, and no system of trapping 
can obviate it altogether. But it can be reduced to a minimum, and 
in saying this I am merely repeating what is perfectly well known to 
all of you. One obvious precaution is to employ only good cy linder 
oil, baving a very high flash point. When there are even large 
quantities of oil in the compresBed air, it has yet to be proved that 
it does any permanent harm, hut if the oil has ignited one can 
imagine that some of the gases produced would be the reverse of 
helpful. I again repeat at this point, that all these things can, on 
the face of them, have no possible connection with miner's phthisis. 
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220 Appearance of Banket Dust 

All we can say about them is that they are pr?blems awaiting 
-solution,-and they are problems for discussion. I speak on them 
practically as an outsider, but sometimes these problems present 
themselves to outsiders in something more like their proper per
spective. 

One other point, and one which has a more direct bearing on the 
subject proper, is the dust itself. Have any of you ever examined 
the dust under the microscope ~ If you have, you will readily 
understand how dust can be so dangerous. It is merely a mass of 
knife edges, rough saws, and every other shape except that of round 
pebbles--a ghastly-looking conglomeration. It is also, naturally, 
possible for these particles to carry germs, although it does take a 
lot of imagination to see how harmful germs could exist in banket 
at 400 or 500 feet. However, once they, i.e. the dust particles, are 
in suspension in the air, they would form a splendid anchorage for 
any germs which had strayed away from their proper moorings. 
One finds it difficult to realise that disease would result from the 
inhalation of banket dust, but, of course, there are the possibilities. 

I have already referred to the unhealthy conditions under which 
the miner works, and these are generally recognised. In wet 
workings a man cannot help getting wet, and if he does not change 
immediately he comes to the surface, in fact, if he does not exercise 
the precautions which you and I would exercise, he is bound, sooner 
or later, to contract some pulmonary trouble. There are, of course, 
men who can stand any amount of this sort of thing, and among 
the colliers in the part of the country which I hail from the mor
tality is not particularly high, although most of the mines are wet. 
This merely shows, however, that the dust which the miner inhales 
here is more harmful than coal dust, but this is generally recognised. 
Legislation and proper supervision can easily remedy this part of 
the problem, but it can never prevent a man having to work 
all day in sopping clothes and wet feet. This, again, can have 
nothing to do with miner's phthis"is as a specific trouble. 

The great rival to the dust theory is that of the noxious gases, 
and we hear people say repeatedly: "Well, they may talk as they 
like about dust, but I believe that the ·explosive we use has more to 
do with the thing than everything else put together." Others, 
again, not quite so positive, affirm that it is their conviction that 
the gases have quite as much to do with the trouble as the dust, 
and there are many shades of opinion between these two extremes. 
Fortunately, it is not necessary for me to say much about the nature 
of the gases produced by the explosives in use on these fields, and 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
)



r..xplosiz'es and Miner's Phthisz'" 221 

matter is not complicated by the use of more tl1an one class of 
explosive. Blasting gelatine, as you all know, is an easy J:irst, and 
when treated properly, and when of good quality, produces no 
noxious gases whatever. This is a statement which is absolutely 
incontroverti.ble. But we must admit that in practice the ideal 
state of thing does not always obtain, and that gases are very 
frequently produced which are harmful. The formation of these 
gases accounts for a man getting gassed, but there is really no 
occasion fo!' this taking place-i.e. in ordinary cases. Let us see 
for a moment what could possibly happen in the worst possible 
circumstances. The only really harmful gases which could be pro
duced are carbon monoxide, carbon dioxide, and nitrogen oxides
i.e., of course, from the explosive. But, in addition to this, there
are the gases formed from the combustion of the fuse, and it must 
be at once admitted that they manifest their presence through a 
most prononnced smell and smoke. Carbon monoxide and dioxide, 
as well as sulphurous acid and sulphuretted hydrogen (the latter 
in small quantity), are all produced, as chemical analysis show, but 
although the latter two have very characteristic odours, they are 
seldom, if ever, recognised by their smell. Sulphuretted hydrogen 
is a most deadly gas to inhale, and I should say that it is the only 
one out of the four mentioned which could cause any inconvenience. 
But has anyone of them any connection with miner's phthisis 1 I 
do not believe it for a single moment, but to say that the constant 
breathing of the fumes from the burning of fuse is good for a miner, 
or for miner's phthisis, I also do not believe. The amount of smoke 
produced is very alarming looking in appearance, and an atmos-_ 
phere charged with it is very unpleasant to breathe, causing a 
catching sensation in the back of the throat, and in the ch~st, but 
this rapidly goes away. vVe see, therefore, that the worst which 
can be said about the fuse gases is that they are unpleasant and 
possibly unhealthy, but we find it difficult to accuse them of being 
anything worse. 

There are other and minor possibilities, which may be dismissed 
in a word. Firstly, the presence of vapour of mercury (from the 
detonator), in the atmosphere. At the most this can only amount 
to 1 gramme fulminate for each charge, so it may be dismissed as 
out of court. Secondly, the occasional presence of nitro-glycerine 
as vapour in the atmosphere. It is possible for this to happen, but 
although the breathing of nitro-glycerine vapours cause most violent 
headaches and general inconvenience, the accepted theory is that 
they are more beneficial than otherwise, and judging by the health 
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222 Poisonous Gases 

statistics of those who have to inhale them daily, one can safely say 
that by themselves they are absolutely innocuous. Weare there
fore driven back to the last line of defence, or rather of attack, in 
this case, viz. the noxious gases produced from the explosives 
themsel ves, and it may be advisable to consider them by the 
processes of analogy and elimination. I have already said that 
the only three which need be considered are carbon dioxide-i.e. 
carbonic acid gas, carbon monoxide, and the oxides of nitrogen. Now 
none of them are good, and the mixture is decidedly bad, as is 
,evidenced by the fact of men and boys getting gassed, and that 
sometimes very badly. In the coal mines at home, and indeed all 
,the world over, black powder was used exclusively until very 
recently. It produces on explosion large amounts of carbon 
lmonoxide and dioxide, as well as sulphuric acid, yet we never have 
heard of miner's phthisis among coal miners. They suffer, as all of 
us do, from the effects of damp, and they occasionally get an over
·dose of gas, but nowadays, since the regulations for blasting have 
become more ,stringent, and are being more strictly enforced, we 
seldom hear even of this. I say, and even assert, that carbon 
monoxide and carbon dioxide can have no possible connection with 
miner's phthisis as a specific disease. Carbon. dioxide will suffocate 
the strongest man, and carbon monoxide will cause death through 
combination with the hrnmoglobiIl of the blood, thus excluding the 
free absorption of oxygen, but the action of these two gases on 
human lungs has been so thoroughly investigated that we cannot 
help coming to any other conclusion than that just given. And 
now I come to the last gas of all, which for simplicity sake I shall 
,call nitrogen peroxide. There is no doubt but that this gas has 
most harmful effects on the human system, and I speak from 
exp~rience, not in mining but in chemical industry, where we come 
.across it pretty frequently. I have known a great many cases 
where men have inhaled what seemed to be small quantities of this 
gas, but in less than two days they were dead. In one or two cases 
they died within twenty-four hours, and the symptoms iIi nearly 
every case were the same. At first, the man felt pretty well, and 
was able to eat all right, but the collapse came with fearful sudden
ness, the symptoms at the end being invariably what doctors call 
bronchial pneumonia. ,Vhat makes these cases so difficult to deal 
with is the fact that the man always feels quite well for some time, 
and generally asserts that there is nothing wrong with him. Q,uite 
recently I had four such cases to deal with in one day, and I ascribe 
their being alive and well now to the fact that from the first I 
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Blasting by Electricity 223 

insisted upon treating them as patients. It is not the object of the 
paper to go into the scientific reasons for this action of nitrogen 
peroxide, and I content myself with stating these facts. This much 
I must, however, say in addition-if a man is at all weakly, and if 
he has any symptoms of pneumonia on him, he will be attacked 
very readily by nitric peroxide. If he is badly gassed, he will 
likely die. You will see, therefore, that this is bringing us a little 
nearer to the specific disease, and as I have no intention of falling 
out with medical opinion, I prefer to leave the matter at this stage. 

In discussing the question of the laying of dust, I indicated the 
lines on which the investigations ought to run, and, at the same 
time, pointed out the limitation of some of the devices. I shall 
therefore now consider the gases from the same standpoint, but I 
would emphasise a fact, which I have emphasised before in this 
room, that when nitric peroxide is produced, it is the result of an 
abnormal shot or bad explosi ve, or one of the various causes 
enumerated recently by Mr Thomas, during the discussion on Mr 
,Yeiskopf's paper. The next question is, can this be prevented to 
any extent by legislation. Most undoubtedly it can. I do not 
know whether any of you have ever had much to do with shot 
firing, but if you have, you will, no doubt, consider yourselves 
experts in the matter. Now this is the position of most miners, 
aud I am glad to say that it is generally justified by results, but it 
is also a fact that many so-called experts are in fact the very 
reverse, and by their treatment of the explosives they not only 
court disaster for themselves but run the risk of injuring others. 
Legislation could do much to insist on one definite method of 
charging a hole, and if good detonators, and above all good· fuse, 
were employed, we should hear very much less about gassing with 
all its baneful results. Of course no amount of legislation will 
make ~ bad explosive good, but this point I shall say nothing about 
meantime. 

When on the subject of fuse, I referred to the gases and smoke 
produced, and if they are proved to be harmful, the obvious course 
to .follow is to blast by electricity. I know this procedure is more 
expensive, and it demands more care on the part of the shot-firer, 
but in the coal mines at home, no other kincl of blasting is per
mitted. I am not sufficiently practical to say how it would work 
out here, but it is a subject worth very serious consideration, and 
to give a start to the discussion, I make this statement, that only 
shot firing by electricity should be allowed in shaft sinking. 

Another very great advantage which this system would have is 
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224 Absorption of the Poisonous Gases 

that it would not matter in the least whether tb:e detonator was 
inserted up to the neck, or only half home, as we do with ordinary 
detonators. With a great deal of the fuse now in use spitting is 
very common, and fumes are very often caused through this. 

Let us now suppose that electric blasting were in general use, 
and that we had only to deal with dust in suspension while drilling 
dry holes, and dust in suspension and the gas from the explosion 
after a blast. With the former I have dealt already, and sincerely 
hope that there will be a very full discussion on the point. On the 
latter I shall now say a few words. I think no one will disagree 
with me when I say that the sooner the miner can get back to the 
face with comfort the more work will be done for the same money. 
I shall go further, and say that sprays, atomisers, or whatever else 
they are called, all assist in laying the dust and damping the gases. 
It takes no great stretch of the imagination to think of some 
mechanical device connected with the air supply which the shot
firer turns on as he goes away from the face, and which can work 
away for as long as he likes after the blast has taken place. This 
spray will settle the dust as already said, but in the case of a bad 
shot it can do little else, and if the ventilation is not very good, 
noxious gas~s will hang about for a long time, and prevent the men 
returning to the face. N ow, I understand that dilute caustic 
alkalies have been employed instead of water, and the idea is an 
excellent one, as it will assist to absorb the large amount of carbonic 
acid gas formed. On carbon monoxide it has no actioll whatever, not 
even a solvent one-and no cheap solvent will ever be found to 
dissolve it. However, it certainly is not so harmful as the nitric 
peroxide by a long way, and I have proposed to use ammonia in 
addition to the alkali in order to neutralise any formed, and it does 
so very efficiently. A very dilute solution of ammonia serves the 
purpose very well, and although a 1 per cent. solution has no smell, 
yet if sprayed through an atomiser, it soon fills the atmosphere with 
ammonia gas, which, besides doing as I have said, makes one feel 
quite refreshed. 

How to deal with men who are gassed, or who are suffering from 
its effects, is quite outside this paper, and I indicated at the outset 
that my object in reading a paper at all was more to provoke dis
cussion thall to give enlightenment.. I have touched on most of the 
aspects of this vexed question, and not being a medical man, very 
probably I have missed the most important. I hope that I have 
made it quite' clear that I do not pose in any way as an expert, 
therefore I cannot take part in the debate, which I hope will 
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Electric Time Deto1lator 225 

follow, as an expert. I can only express my opinion, and for one 
who has only been in the country for eighteen months it is rather 
a presumptuous thing to do. It is also a question whether this 
paper ought not to have been read before the Engineers, but then 
our Society has in the past been so catholic in its tastes and our 
Council have been so liberal in their views that one need have no 
hesitation in writing on a subject other than purely chemical. 

The foregoing notes were written some considerable time ago,_ 
and as they were being written I was making experiments on 
various matters referred to in the notes, and since then they have 
been continued. The results of these experiments have modified 
the views I have expressed, but only to a slight extent, and rather 
than revise- the paper, I have decided to keep it as it is, hoping by 
this means to stimulate discussion. 

I regret exceedingly that it is impossible for me to say anything 
about the experiments referred to above, except those that have 
been carried out by me in a private capacity. One thing I can say 
without any breach of confidence, and it is this, that I consider the 
question of inhalation of dust produced by the rock-drills when 
operating in dry holes to be as good as settled, and when the device 
for the purpose becomes more freely known it will reflect the 
greatest credit on the energies of a mine manager, who is already 
very much respected. 

With regard to the fumes and the dust produced on explosion, 
the matter is a very much more difficult one, but all the same, the 
results obtained so far seem to point to ultimate success. 

I should also add that it is now possible to obtain electric time 
detonators. The great objection to electric shot firing in these 
fields in the past has been that all the shots went off simultaneously. 
Now it is possible to 3et them off at intervals of several seconds, 
which is a very decided ad vance on anything accomplished in 
the past. 

DISCUSSION AT :MARCH IIfERTING, 1903 

Mr J. Yates-Mr Cullen's paper on "Miner's Phthisis" covers so 
much ground that to criticise it in its entirety would be a labour of 
no small magnitude, so I shall confine myself to but one of the points 
raised. He speaks of the wearing of respirators by miners, and 
remarks that they engender a feeling of stuffiness. Few will dis
agree with this opinion, the wearing of the ordinary respirator 
aggravates the oppressiveness of what is, as a rule, an already trying 
atmosphere, and I, for one, am inclined to think that the miners 
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Compressed Air Respt"rators 

will never willingly or voluntary wear them, except under excep
tional circumstances and when putting up "rises." But whilst it 
might be possible with a little pressure to ensure the more or less 
general wearing of simple respirators underground, the idea that we 
should provide the miners with a mask to which is attached a hose
pipe connected with the compressed air supply would deservedly 
meet with ridicule from them. In the first place, what about the 
high pressure of the air ~ Provision would have to be made for 
reducing it for respiratory purposes. Then consider the disadvan
tages the miner ,vould be under in giving instructions to his 
" boys," and the weight of the air hose suspended from his head; 
the hose, by the way, would have to be of stout make so as not to 
require frequent renewal. The air tube would always be in the 
way, not only of the miner himself, but of the machine boys and the 
lashing boys. The movements of a man so masked would be seriously 
hampered, and his temper would be much ruffled occasionally by his 
being treated to an unexpected shower bath due to the presence of 
water in the air mains. Because of these considerations I am com
pelled to disagree with Mr Cullen when he says that the inconveni
ence involved by the use of such a mask would be very little indeed. 
I consider it would be such a hindrance and nuisance as to be 
prohibitive except for very special work. I do not believe there 
is any call for the adoption of such a mask and air supply. If dust 
is the causative agent in miner's phthisis-and I believe that it is 
generally admitted to he so-a liberal use of water in conjunction 
with the drilling and lashing will lay the evil. The dust put into 
suspension in the mine atmosphere by Jashing, i.e. shovelling, 
appears to have been to a great extent overlooked, but it is 
probably in far greater quantity than that arising from dry 
drilling. The dust from lashing is, however, more diffused than 
that from drilling, and hence it is probably not so harmful to the 
miner as the heavily charged atmosphere which generally surrounds 
him when he is, for instance, putting up a "rise." But in view of 
the dust generated by lashing it is evident that miner's phthisis 
cannot be peculiar to the drillers of dry holes; it is only a matter 
of time for the ordinary stoper to acquire the disease, notwithstand
ing that he is seldom called upon to drill such holes~ To me the 
liberal use of water in connection with both drilling and lashing 
.appears to be the most simple, practicable, and efficacious way of 
combating the disease; the water not only lays the dust but has a 
wonderful way of absorbing or otherwise dealing with the gases 
imprisoned among the broken rockl thus preventing "gassing" 

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
)



Compressed Air Respirators 227 

from this source, a danger with which workers in dry shafts and 
drives are familiar. 

Mr Cullen refers to electric blasting as a panacea for the gases 
and smoke produced by the burning of fuse. Personally, I do not 
think the products of combustion of fuse can be present in sufficient 
quantity to be really harmful though they may be unpleasant, and, 
on the other hand, the simplicity attending fuse firing, and the 
wide range of adjustment it offers are greatly in its favour. 

Dr J. L. A. Aymard-I have to thank you as a non·member for 
allowing me to say a few words on this subject. I have read 
Mr Cullen's paper with a very great amount of interest, alld 
Mr Yates has referred more especially to my system which he 
ridicules. Gentlemen, I am a pretty old hand at inventions, but 
I have not made money, except at one thing. I am, however, glad 
to say that I have one invention which is working throughout the 
world. Inventions have taught me that the most simple things you 
think will answer, do not answer, and those you think will not, do 
answer. It is easy to ridicule this system of using compre~sed air 
by those who have not seen it in operation. Mr Cullen says that 
it can only have a' very limited application. Well I am prepared 
to go into that. There are severnl things against it it is true, but I 
have four miners who for four months have been continually using 
compressed air in the French Rand Gold Minc. They use it every 
shift. They do not find that the hose-pipe gets in their way, 
though they occasionally have to take the mask off their faces. 
They find it is a very easy thing to drop the mask, and because 
they have to drop it two or three times in the course· of a shift I 
do not see why the tIring should be ridiculed in this way; and 
there is certainly a great deal to be said in favour of it. I defend 
it more especially in the question of raises. As regards raises my 
experience of miners is that they will take no trouble when they 
have rigged up in the raise to carry up water or anything else, but 
they will carry up something light they can take in their hand. 
The miners who are using this compressed air at present are miners 
who have worked all over the world. They breathe the pure air, 
and to show you how easy it is to ridicule when you do not know, 
I have seen those minets, who gave evidence before the Commission, 
who will tell you they have frequently seen watel' pumping freely 
out of the drill, but have got none in their masks. I take the air 
between the hose-pipe and the drill-I take it from the top. TlJere 
is a very small plug valve and water goes throngh it. The water 
goes through into the drill and no water gets through into the 
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mask. Mr Yates has referred to the enormous pressure, and 
engineers of considerable repute have done the same thing, but 
there is no pressure; the moment the air leaves the plug on the 
drill it is free. If there was pressure it would immediately blow 
the mask oft· your face. A man gets just as much air as he requires, 
and finds it perfectly pure on the French Rand Gold Mille, and I 
have no doubt on some other mines it is exactly the same. I use 
a metallic hose-pipe because I cannot get a rigid small tube here 
which a man could put in his pocket. ·With regard to oil, from 
personal experience I know it is very difficult to prevent oil being 
carried, but it can be reduced to a minimum. It is a bugbear this 
question of oil even in ordinary compressed air. vVe use 4 
gallons a week on the French Rand Gold Mine Co. There· are 
twenty machines running, using about 100 cubic feet of ail' per 
minute. A man uses with the inhaler about 1 foot of air per 
minute, and, roughly speaking, 200th part of a drop of oil per 
minute. Therefore, you will see it works out to a ridiculously 
EmaU amount. 

If the oil could get this inconceivable distance in any considerable 
quantity it would have a damaging effect on the hose-pipe. I have 
made post-mortem examinations of many rubber pipes which have 
been used, but could find nothing wrong externally. The damage 
to the hose-pipe takes place from without; the rubber outside has 
too much sulphur in it, it readily cracks and the water getting in 
to the canvas lining rots it and the pipe bursts. There would be 
no danger even if a small quantity of oil did get into the com
pressed air. There is no air receiver on the French Rand Mine. 
The air is taken from the engine-house. I was told by a member 
of the Commission that my system would be quite. useless because 
some wonderful discoveries had been made with regard to com
pressed air. I expect Mr Williams will be able to enlighten us as 
to what these wonderful discoveries are. Is it some wonderful sea 
serpent in the form of a bacillus ~ I cannot understand Mr Cullen's 
remarks with regard to sulphuretted hydrogen. I cannot see 
where he can get it from. I look upon gas as the foundation and 
root of the disease. A man first of all comes to you with bronchitis 
after about three weeks or a month, first going on the drill. That 
lays the foundation. Later on, when men have got miner's 
phthisis, having been workillg for some years, they come to you 
and teil you that the moment they come in contact with gas they 
begin to get winded at once. I am strongly in favour of having 
blasting done by electricity if it can be carried out. I made some 
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experiments some months ago ill regard to alkali. Mr Cullen 
suggests that ammonia should be used in addition. I am not 
sufficient of a chemist to say what effect the addition of ammonia 
would have, but it seems to me that the use of caustic soda would 
be cheaper than ammonia and would meet the difficulty. From a 
medical point of view I do not think any amount of ammonia 
would be beneficial. I do not think we are likely to counteract all 
the fumes but we can do a great deal, and if we have not got the 
water laid on up to the face of the drive or raise, the use of a pipe, 
as suggested in Foster's book, might be emphasised. "Ve use now 
with good effect an upright pipe in the air pipe near the level, but 
if they were to make a tank it could be filled near the level, and a 
small amount of caustic soda could be thrown in, and I am quite 
certain a great deal of good will be done in that way. 

With regard to Mr Britten's system, referred to at the end of Mr 
Cullen's paper, I do not intend to criticise it as I have not seen it 
at work, but I believe (if I am wrong will someone kindly correct 
me) that it is necessary, working in a raise, to carry up 5 or 6 
gallons of water for each shift. I do not believe we will get miners 
to carry or persuade their niggers to carry the water up a raise, 
say, from 150 to 200 feet nearly vertical. I am quite willing to 
advocate my system for raises if .NIr Britten will keep in the 
drives. 

The President-I am sure we are all indebted to Dr Aymard for 
his presence and able criticism. 

Mr A. Heymann-At the last meeting of this Society we had the 
pleasure of listening to a most interesting paper on "Miner's 
Phthisis," by Mr Cullen, and as I think the author was somewhat 
at fault in many of his stat.ements concerning, possibly, the most 
vital points, a circumstance which might lead to wrong deductions 
and create false impressions, I have taken the liberty of bringing to 
your notice a few facts which I hope will substantiate the position 
which I am taking with regard to Mr Cullen's paper. 

The author begins by informing us very modestly that his paper 
was written, not with the intention of throwing. any further light 
on this vexed question, but with the object of raising a discussion 
on what, if allowed to rest, might become a veritable nightmare. 
Yet he was successful in both respects, for, by drawing our atten
tion to certain existing evils and by making suggestions for their 
partial, if not total, removal, he endeavoured to bring the question 
within the domain of practical science, and to impress upon us 
certain ideas, causes, and facts concerning which it is lll<Lnifest that 
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230 Causes of Miner's Phthisis 

he is a true believer. Whether his facts can be really substantiated, 
whether his ideas and suggestions, etc., are applicable in practice, 
or, indeed, possible (for better or worse), remains to be proved; In 
these few notes it will be my endeavour, therefore, to examine 
briefly all the various points he raised. 

As regards his second aim, namely, to give us material for dis
cllssion, I feel sure you will bear me out when I say that the 
harvest was so great that at least a dozen meetings of thi,; Society 
would be required to garner it completely. Yet, on the other hand, 
if this subject should only be taken up as its great importance 
merits, I think that much good woulu result, and I feel sure that 
there are a good many members of our Society whose experience 
would enable them to offer good suggestions as to the best methods 
of prevention and cure. Such hints would, I venture to say, be 
willingly taken into consideration by the Special Oommission now 
enquiring into the matter; and, indeed, we may be sure that 1I0ne 
would be lost sight of when we remember that our worthy 
President is one of the most active members of that Oommission. 

Mr Cullen, in his notes, says that he will not attempt to define 
"miner's phthisis" from any point of view, but, as statistics show 
that the mortality among miners here is pretty high, it is a laudable 
thing to endeavour to get at the cause and, if possible, find a pre
ventative. Further, that" there is a tendency to give side issues a 
prominence which they do not deserve." 

As Mr Oullen is principally dealing with only two evils as the 
possible causes of this high mortality, namely, (1) noxious gases, 
and (2) dust, and as he lays so much stress on the latter, namely, 
dust, dealing very lightly with the consequences of the former, 
I think I shall not be far wrong in assuming that he in
cltldes among these side issues these noxious gases. " Those who 
are entitled to speak with authority," he further says, "are in 
favour of the theory that the trouble lies in the dust, when the 
miner gets an overdose of it in the tissues." I should very much 
like to ascertain who those authorities may be before blindly bowing 
down to their decision, since there are many other authorities, not 
mentioned by Mr Oullen, whose opinions on many points is at 
variance with that of Mr Oullen and his authorities. These I shall 
refer to in a later paper, which will deal more particularly with this 
subject. Again, I should like to ask Mr Oullen or his authorities 
what they consider the maximum dose of inhaled dust consistent 
with the preservation of health ~ This would enable us to estimate' 
what an overdose is, and if this is the real cause of the disease, 
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Dust Problem and Respirators 23 1 

surely some preventative measures would not long be wanting, or 
even a complete remedy, in case of overdoses. I have mtich doubt 
as to whether Mr Oullen can produce any information, but to this 
subject I shall return later, trusting that members will kindly 
excuse the digression. 

There are, according to the author, three methods of attacking 
this dust problem: firstly, by wearing masks; secondly, by using 
sprays; thirdly, by attaching atomisers to the drill. Regarding 

. masks, I agree with him that they would be found unbearable, and 
the miners would be averse to wearing them. However, he goes on 
to say that, as a preventative against the inhalation of dust, the 
masks would be without doubt efficacious, and on this point I can 
by no meallS agr~e. The dust, or that part of it which is of a 
harmful nature, does lIot fly about the mine atmosphere in pound 
pieces, not even in ounces, or indeed fractions of a thousandth part 
of an ounce. The microscope proves that the particles of dust 
which, when inhaled by our lungs, can do harm, are so fine that 
even were it possible to seal the miners up hermetically in these 
masks, yet these microscopically fine particles of dust would still, I 
fear, penetrate them. Further, he suggests that a substantial im
provement could be made in these masks by passing a supply of 
fresh air into them through an indiarubber tube, which would also 
prevent the miners from inhaling any unhealthy gases, such as, in 1111' 
Cullen's opinion, arise pa1'tly j1-om the 1'ock or jissu1'es. This indiarubber 
tube is to be connected with t.he air pipe which works the drill. 
Putting aside the ridiculous picture which wonld be presented by 
these novel divers, let us see how far this idea is practicable. Mr 
Oullen himself admits that this is practicable only for stationary 
men, not those who move about, and I think there are more of the 
latter than of the former about a mine; nevertheless, this is not the 
question. Even if we could help but one man at a time we should 
have accomplished something. The question is, can we do so by 
this "mask" system? Let us see. I think I am right in con
cluding that 1\11' Oullen's idea is to make it impossible for the miner 
to inhale the bad air of the mine, as he really proposes to close 
them in hermetically. Let us suppose that this could be carried 
out even to such an extent as to prevent the finest particles of dust 
passing through, could the heads of the miners be so enclosed in the 
masks that even gases could lIot pass through them 1 I think not.! 

Secondly, in dealing with sprays and atomisers, Mr Oullen, 
although admitting to a certain extent that they might do some 
good, raises the question, which of two evils would be the worse-
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to subdue the dust by means of a spray and expose the miners to 
the danger of being compelled to work in sopping wet clothes,· or to 
work under dry conditions and in consequence inhale the dust. 
Even if it were really so bad as all that, I would say: ""'IV ork even 
in wet clothes, provided proof be forthcoming that the spray. does 
settle the dust." Here I may inform you, gentlemen, that we have 
determined the amount of dust in the air during dry-drilling, and 
also when a spray was playing on the hole; the amount of fine 
dust-the only dust which could do harm was largely decreased by 
the use of the spray, and as for the men g.etting sopping wet, I 
cannot arrive at any other conclusion than that either Mr Cullen 
has been wrongly informed, or if he has happened to see such a 
spray working it must have been more like a fountain than a 
spray, as I understand the latter term. Only the other day I went 
down in company with Dr Moir and Mr Fergusson to the 'tV olhuter 
Mine to take some samples of gases and dust in the air. The 
manager, Mr Britten, was kind enough to show and explain to us 
the spray he has invented and had in use for some time, and I 
must say that I absolutely fail to see how such a spray could make 
the miners' clothes sopping wet, and indeed Mr Cullen would, I am 

. sure, be the very first to admit the absurdity of such a thing. 
Besides, there is no necessity to have sprays all over the mine in 
constant work. We know that there are two cases when the dust 
is most in evidence: (1) during drilling; (2) directly after 
blasting. Why not have the spray playing on the hole drilled in 
every mine? In actual practice it has been proved that this 
subdues the dust and there is absolutely no question of getting 
even slightly wet. The amount of water used by the spray, or at 
least the one we have seen, would be during a shift about 5 
gallons only. 

Again, it could also be used in the second instance, 'Viz. after 
blasting. Mr Britten has arranged a spray of a little greater 
power; this could be set going by the man ill charge of the blast
ing operations, and the miners would not be allowed to go down 
to work until all hour had elapsed after blasting; during this hour 
even a powerful spray would not use more than about 2 gallons 
of water over the whole area, and the spray, by the time the miners 
arrive would have not only done its work in subduing the dust, 
but would also have been of great service in helping the circulation 
of air; nor would the smoke under these circumstances pervade 
the atmosphere of the mine in the form of small clouds. Con
sequently these sprays will not merely subdue most of the fine 
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Phthisis and the Mine Atmosphere 233 

particles of dust, but will also contribute a little toward circulating 
the air. 

Mr Cullen very rightly remarked that the dust in the air of a 
mine is very ugly-looking when seen under the microscope. It 
forms a mass of knife-edges, sharp angular structures of sword-like 
shape and forms, and I can also inform you that as far as the dust 
is concerned it is certainly present in the air of a mine, but not in 
such alarming quantities as a good many people imagine. Whether 
this dust exists in the air in sufficient quantities to be the real and 
only cause of the disease called miner's phthisis, that we will leave 
to the decision of medical men, with whom I have no more wish to 
quarrel than Mr Cullen. My humble opinion is that while it 
certainly does no good to any man-more especially to those who 
already suffer from a long affection-the dust is not the only cause, 
and further, not even the primary cause of the high death rate of 
miners. 

At this stage I should like to draw your attention to the fact 
that the statements that I am now making, or shall in future 
make, with regard to this subject, are based on the experiments 
and opinions of the best authorities, and, secondly, on the results 
of our own observations and experiments of the last few months. 

Miner's phthisis, or disease, or whatever you prefer to call it, is 
not peculiar to South African mines alone; it exists all over the 
world, and it has been known and investigated for years and years, 
and, I should also say, has been partly remedied. Therefore, if 
the mortality amongst the miners here is really as stated, so much 
higher than elsewhere under similar working conditions, it remains 
for us only to find out the cause why this is so. I fully agree with 
Mr Cullen that the air in a mine is not the best to breathe, I would 
go even further than Mr Cullen-that in some instances it is even 
dangerous to health. For the present, however, we will leave the 
question whether this air or the dust is the more important factor 
in causing this disease, and reverting to Mr Cullen's paper, I am 
compelled to admit that, in spite of every effort, I am as yet 
unable to understand how he can attribute the bad air of the mine 
to "gases exuded from the rock or fissures." And further I would 
willingly place myself under a debt of obligation to that gentleman 
if he would name a single gas which might be harmful and which 
could exude from a rock principally composed of silica with a bit 
of iron pyrites and some gold in it! I know of none, and do not 
believe there are any; but I do believe, and I do know, that there 
are noxious gases in the air of the mines, and it only remains to 
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234 Phthisis and Oil Gases 

discover their source: then we will try to procure a remedy. 
Further, Mr Culleu says that the oil in the compressor used for 
lubricating purposes is carried away to inconceivable distances, and 
this, therefore, is possibly a source of evil. I fail to see what 
harm this oil can do when carried away as such. On the other 
hand, directly after saying this, he questions a fact of which there 
can be no doubt by saying, "It has yet to be proved what 
permanent harm the oil can do when large quantities of it are 
in the cylinder, but," he says, "if the oil has ignited one can 
imagine that some noxious gases would be produced." 

No, the oil does not require to be actually ignited to produce 
gases l The heat in the cylinder is quite sufficient to form gases 
from the oil present, as its temperature is something between 3500 

to 450 0 F. I may here mention that we attribute the formation of 
several gases we found in the compressor air chiefly to this cause. 
The carbon monoxide is the only dangerous one present. Here the 
author again very carefully repeats, that, although the gases so pro
duced from the oil might be bad ones for health, it is impossible that 
they should have any connection with miner's phthisis, whereas I 
ask yon, gentlemen, before forming any opinion whether this has got 
any connection with miner's phthisis or not-I ask you only to 
remember that there is frequently carbon'monoxide present in the 
air-what this meitns, what mischief this can play, I will try to 
explain when specially dealing with this sl.lbject. Another point 
which Mr Cullen raised, and which I cannot but appreciate, is his 
suspicion of harmful germs being present in the air of the mines. 
As a matter of fact, the dark, warm mine would be an ideal place 
for the growth and multiplicittion of microbes, and I think it would 
be very advisable if the Phthisis Commission would cause a thorough 
bacteriological investigation to be made in addition. I would be 
pleased to hear the opinion of Mr Pakes on this subject. I believe 
he is present here to-night, and as I understand he is a specialist in 
bacteriology, his opinion on this matter would be of great value 
compared with mine. 

That the mortality among the miners working in the coal mines 
in the country from which j\ir Cullen hails is not as high as it is 
here does not yet prove his statLlment that the main canse of this 
lies in the dust which the miner inhales here. It might be, as he 
states, a known fact that coal dust is not as bad as the dust in a 
gold mine, but it does not follow that the Mgh mortaWy on the Rand 
is chi~fty and solely dne to the dus"t. Surely there may be many 
olher reasons 1 \Vhy ascribe everything to dust, and pay no atten-

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
)



Dust in the Atmosphere 235 

tion to the noxious gases which are present, before we even know 
their quantitative composition and possible bad effects ~ 

Does Mr Cullen lay such emphasis on the dust in order to per
suade us that this is the main, in fact, the only, reason for this high 
mortality ~ Does he say this, I repeat, only because this isa 
foregone conclusion; or is it because the fact that noxious gases 
might be present did not strike us before and has not had the 
attention paid to it which it really deserves, or was it that the gas 
being invisible does not strike us, as it were, so forcibly, whereas 
the dust we sometimes meet with in Johannesburg reminds us of 
its presence perhaps even more than we would wish ~ I might 
here record a little experiment which may be of some slight interest 
to members: The other day we determined the dust of the air in 
Main Street, in front of our laboratory, and found that the dust 
present in the air was about a quarter of the usual quantity found 
in the mines close to the drill. This sample was taken by Dr Moir 
and myself on an ordinary day, when neither wind nor dust would 
be present according to the verdict of the "lllan in the street," so 
to speak. Now, I venture to say that in some instances the dust 
in the mines is much below this figure. We have not yet taken 
a sample from the street atmosphere of Johannesburg on a dusty 
day, but we shall not be at all surprised when we do the experiment 
to find that the amonnt of dust present in the air at that time is at 
least as much, if not more, than in the mines directly after blasting 
or close to the drill. ·Why, then, do we not all suffer and die of 
miner's phthisis ~ Apparently there is some other reason; some
thing else besides the dust which affects our health, or rather that 
of the miner, and, nolens volens, we must give prominence to what 
Mr Cullen calls side issues, namely, noxious gases. If these noxious 
gases are present in the air of a mine, no matter whence they may 
be derived, surely we are not wrong in attributing to them, either 
directly or indirectly, some part in the development of this foill 
disease, and, in very truth, it may yet be possible to lay most of 
the blame at their door. At all events, of one tbing we are quite 
certain, they can do no good to health. Whether you call the 
disease to which miners are subject, and which is so frequently 
stated as t,he cause of death, miner's phthisis, or pneumonia, 
influenza, or ordinary gassing, that is, suffocation by poisonous 
gases, is quite beside the point; it is quite sufficient for us to know 
that there is a high rate of mortality amongst miners, doubtless in 
part due to the dust, and partly-although Mr Cullen does not 
think so-to the noxious gases present, The orig'in of the former 
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236 Mortality of Miners in South Africa 

is well known to us, and, as far as I can see, dust cannot be pre
vented from forming, but it is in our power to subdue it. The noxious 
gases form the other evil: can their formation be prevented ~ 
When we know whence they are derived I think we shall be able 
to prevent, at least in part if not wholly, their formation. Of 
course, if they come from the silica of the rock, as Mr Cullen thinks, 
well, we are done for, but, fortunately, they do not come from that 
quarter-at least that is my humble opinion-most of them come 
from the dynamite and its substitutes and accessories, and this can 
to a certain extent be prevented, and as for that portion which we 
cannot prevent, this can be got rid of, and not merely can, but must, 
if we are to retain any traces of feeling for the well-being of some 
of our fellow-creatures whose life is spent under such conditions. 
When this stage has been reached we shall have solved the problem 
of the high mortality amongst miners. 

This, perhaps, after all, is not as black as it is painted if we make 
an allowance for a certain fact which appears to me to have escaped 
the attention of the alarmist, namely, that a good many people 
come to South Africa to improve their health, especially such as 
are suffering at home from an affection of the lungs, and who are 
generally advised by their medical men to try South Africa. 
Surely there must be a good many miners amongst these? The 
sea voyage and our beautiful South African climate, no doubt, are 
beneficial in the extreme. But then comes the trouble; they go 
and work again on a mine-some can stand it longer than others- , 
as a general rule death ensues in both cases, and then what 
happens? up go the statistics of mortality in the mines here
whereas the disease has originated at home, and, therefore, ought 
really not to be chronicled against our mines. Young millers 
seldom come here; they spend the flower of their youth and 
strength in the mines at horne and come out here to finish their 
da.ys, although such is doubtless by no means their intention. 
Some of the miners come out, knowing that their lungs are affected, 
others, perhaps the majority, do not even suspect it. South Africa 
cannot give them new lungs, nor do the mines improve the old ones, 
but what I claim is that our statistics ought not to be vitiated by 
such cases. Nevertheless, we must not allow ourselves to stray 
from the fact that there exist t,wo evils under which the miner 
works, and if we can manage to eradicate them we may yet live 
to hear that our mines are the healthiest in the world. I fear, 
however, that I am digressing, and will therefore at once proceed 
with what Mr Cullen calls" side issues," namely, gases, starting 
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Gases .from Explosives 237 

with those which are, or might be, products of explosions. Blasting 
gelatine, Mr Cullen says, if of good quality and properly treated, 
can produce no noxious gases whatever, but he admits that it can 
produce them if perfect explosion has not taken place. It appears 
to me that perfect explosion can be obtained only in experiments 
in the dynamite factories, and Mr Cullen himself, I think, will 
fully agree with me that this is not always possible in actual work. 
Indeed I go even further-that if perfect explosion. could be 
obtained even in half of the explosions, it would be considered 
generally satisfactory. Strange to say, whenever our samples have 
been taken for gas analysis after explosion, we have never been so 
fortunate as to have had a perfect explosion, and Mr Cullen ought 
to know how seldom it is possible to get a perfect explosion, and in 
the light of such knowledge I think it would have been less mis
leading had he stated that theoretically we ought not to get, any 
noxious gases, but practically we very often do. There need be no 
fear that dynamite would cease to be used after such a statement
we cannot do without it.-but the result of such a statement ought 
to be that more precautions could be taken against the formation 
of these noxious gases and their subsequent removal-while, on the 
contrary, there is a tendency in Mr Cullen's paper from beginning 
to end, instead of warning us against them, to deal very lightly with 
them. Where the fault of an imperfect combustion may lie: in the 
explosive itself, or fuse, or detonator, or proper knowledge of 
handling them, I cannot pass an opinion, as my knowledge and 
experience in'this respect are very small. The latter question may 
be left to the decision of our many talented engineers. But the 
fact remains that incomplete explosions do occur very frequently, 
and in such cases some of the gases formed would be most poisonous 
and dangerous. Let us take the three Mr Cullen mentions, the 
oxides of nitrogen, carbon monoxide, and carbon dioxide. 

The average composition of the gases formed from nitro-glycerine 
in an incomplete combustion is about-nitric oxide, 48'27 per cent., 
carbon monoxide, 35'9 per cent., and carbon dioxide, 12'7 per cent.; 
the others I will not name, being unimportant. There is about 10 per 
cent. of gun-cotton in blasting gelatine; the amount of charges gener
ally used most of you know, I will only state that 1 gramme of gun
cotton can account for about 665 C.c. of gases (taking them at normal 
temperature and barometric pressure), and the average composition 
of these gases would be about 25 per cent. of carbon dioxide; 42 per 
cent. of carbon monoxide; 15 per cent. of nitrogen; also 17 per cent. 
of hydrogen, and traces of marsh gas (it varies according to density of 
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238 Poz"soning by Carbo1t Monoxide 

charge). The gases produced from fuses are just as bad-sulphur
etted hydrogen need not be taken into consideration, as there are 
only traces, and, therefore, I cannot agree with Mr Cullen on this 
point when he says that this alone can cause any inconvenience. 
Yes, certainly, this may cause inconvenience, but the carbon 
monoxid e present will cause danger. 

The atmosphere after explosion, Mr Cullen tells us, is very 
alarming-looking in appearance and unpleasant to breathe, causing 
sometimes a catching sensation in the throat and chest, but it 
rapidly disappears and the thing is forgotten, so what connection 
can this have with miner's phthisis 7-and, therefore, he absolutely 
asserts that this has nothing to do with it; and, as regards the 
carbon monoxide, M:r Cullen further mentions that this can have 
absolutely no action on the lungs, stating that this has been 
thoroughly investigated. This, with all due deference to Mr Cullen, 
I most emphatically beg to deny. The carbon monoxide does have 
a bad effect on the lungs, and not only on the lungs themselves, but 
on the whole nervous system, and, what is more, this action takes 
place before any effect is produced on the haemoglobin of the blood. 
This statement I hope to substantiate and prove at our next meeting, 
when I shall bring forward some notes on the effects and action of 
these different gases on the constitution. I should again feel a 
further and deep debt of obligation to Mr Cullen if he would be so 
good as to bring forward and name his authorities for the statement 
that carbon monoxide has no effect whatever on the lungs, a state
ment, I venture to say, which is directly opposed to the researches 
and experiments of the greatest authorities in Europe. 

The nitro-glycerine in the form of vapour, beyond producing 
headache, does not do any harm, and this Mr Cullen bases on the 
fact that those who constantly work with it and inhale it, not only 
do not suffer any harm, but derive direct benefit as far as health is 
concerned. I know some people who are habitual takers of morphia, 
cocaine, and even arsenic-they all assert that such drugs are most 
beneficial, even necessary, for their health, and that if they had not 
had such "good sense" they would have left this sphere long ago, 
that this is the only thing that keeps them alive, and would keep 
others, and so on-well, gentlemen, are you willing to believe such 
biassed statements? 'Vould you conclude from their assertions 
tha.t constant use of morphia, cocaine, or arsenic is beneficial to 
health, prolongs life, and is not a poison, and would you, therefore, 
go so far as to follow their example? My advice is-don't. One 
dose such as habitual drug eaters usually take at one time, would 
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Absorptz"on of Carbon, Dioxide in Mines 239 

be sufficient to send a dozen of you to your forefather~, and, as far 
as I can see, the analogy of the above with the nitro-glycerine eaters, 
or inhalers, holds good also. 

Concerning nitrogen peroxide I will not say much to-night, as 
Mr Cullen fully accepts the fact that it is a harmful gas, since its 
effects generally ends ill double pneumonia, thereby acknowledging 
that at least one of the gases has an effect on the lungs, which has 
surely some connection with the so·called miner's phthisis. 

About Mr Cullen's suggestion to abolish fuses and do blasting by 
electricity, I can only say it is an ideal one. The small quantity of 
noxious gases produced by the fuse will be thus done away with. 

As to the suggestion for absorbing the large quantity of carbonic 
acid formed, by working the spray with a dilutc solution of caustic 
alkalies, I think it is impracticable. First of all, I may state that 
in the air of a mine under oTdinaTY wOTlcing conditions the amount of 
carbon dioxide is so insignificant as to be hardly capable of doing 
harm; only after blasting the amount considerably increases. Assum
ing llOW that the air contains several per cent. of carbon dioxide, and 
a solution of caustic alkalies is used for its removal, the amount of 
alkalies necessary, apart from the great cost it would involve, would 
cause great ·inconvenience, to say the least; it would produce a 
tickling sensation in the nose and throat, with irritating cough, 
and we should soon have the miners walking about in beautiful 
subterranean caverns full of alkaline carbonates thus formed. For 
the absorption of nitrogen peroxide present in the mine air, Mr Cullen 
suggests using a very weak solution of ammonia. Here I can only 
say that if appreciable quantities of nitrogen peroxide were present 
in a mine, we should have to use, not very weak, but fairly strong 
ammonia to have any efi·ect at all, aqd, in such a case, the ammonia 
would do much more harm than good. Therefore, I think this 
suggestion of little, if any, value. This is the last point in Mr 
Cullen's paper, and now, in a few words, to summarise:-

As I have stated above, the disease, which we now so glibly call 
miner's phthisis, is not one which has been recently discovered, but 
one which has been known for many years. As in the case of 
typhoid, dysentery, and the like, you cannot possibly eradicate it 
altogether, but much can be done in the way of prevention. In 
Europe this has been accomplished, and if the rate of mortality 
amongst miners is really higher here than elsewhere, it simply 
means that the conditions under which the miner works here are 
worse than in Europe. So far we can trace only two possible 
sources of evil-dust and gases-and, therefore, it is our bounden 
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Silicosis and Anthracosis 

duty to do away with them as far as possible. Let the sprays with 
pure water play on the holes whilst drilling, and also for about 
thirty minutes after blasting. Let these noxious gases, of which, 
I repeat, carbon monoxide is the most poisonous and dangerous one, 
be removed by a proper and perfect system of ventilation. This 
need not require legislation, nor need it be a matter of "coercion." 
All that is necessary is to point out to those who control the mines 
that this is needed for the general health, or even comfort, of the 
miners, and I feel sure immediate action would be the result. 
When that happy day dawns, miner's phthisis, with its side issues 
and controversies, will be relegated to the limbo of obscurity. 

The President-You will agree with me in proposing a vote of 
thanks to Mr Heyman for his criticism and to congratulate him at 
the same time on his maiden speech. 

Dr W. C. C. Pakes-I have a certain amount of diffidence in 
addressing this meeting to-night for more than one reason. I did 
not know that it was customary to come prepared with elaborately 
written notes, and I also feel diffident from the fact that Mr Cullen 
is not here. It is too bad to go and criticise a man behind his 
back, but I purpose making some remarks which have arisen in my 
mind through hearing his paper, as I understand that Mr Cullen 
has the right of reply at a subsequent meeting. There is one thing 
:NIr Cullen has misunderstood, and also the last speaker. They have 
both confounded or misunderstood the term miner's phthisis. 
Miner's phthisis is as specific a title as cyanide of potassium. 
Miner's phthisis is a particular form of disease, which is caused by 
mineral matter being deposited in the lung. The name that should 
be given to it is silicosis. The last speaker talked about the various 
forms of death as miner's phthisis: he was speaking of the inter
current disorders which are always frequent in diseases like silicosis. 
The sooner therefore that we really understand what we are talking 
about the better. When the last speaker remarked that gases are 
the cause of death to miners, no one will controvert the statement, 
but it has nothing whatever to do with miner's phthisis. Rand 
miner's phthisis is really silicosis and is caused by a deposit in the 
lung of mineral particles. Mr Cullen says, in speaking of coal 
miners, ""\V e have never heard about miner's phthisis among coal 
miners." I think everyone in the room knows that there is a 
disease which is well recognised as a specific disease known as 
anthracosis; it is fibrosis of the lungs caused by the deposit of 
particles of coal. The difference between these forms of disease 
depend upon the hardness and sharpness of particles actually 
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Susceptibility to Disease 

brought into the lung. The fine dust particles, which are found in 
the mines-it is only the fine dust particles we can possibly breathe 
-are all angular, having knife-like edges, and are just the ideal 
forms of grit which give the greatest possible irritation for the 
smallest possible amount of grit. It is one of the reasons why the 
Rand miner's phthisis is much the more fatal, because the particles 
of dust inhaled are both hard and sharp. That being so, the dis
cussion is not upon the diseases met with by miners, but upon the 
subject <?f "Miner's Phthisis or Silicosis." It seems to me to be 
absurd to talk about gases as being the cause of miner's phthisis. 

I wish to strongly emphasise that when we talk about the cause 
of a disease or the cause of anything, we must be absolutely certain 
of what we mean. ~Who would venture to say the father is the 
cause of his child 1 The thing is absurd. If we speak about the 
causa causans we know what we mean. The term phthisis has so 
long been associated with tuberculosis of tlJe lung that it is a pity 
to use the term for anything else. If there were no animals with 
lungs there would be no tuberculosis of the lung. The tubercule 
bacillus requires a soil, and unless the lung is in a fit condition to 
grow it you will never get tuberculosis of the lung. Everyone of 
us who have come from the British Isles have inhaled the bacteria, 
etc., which are the causcc ca1lsantes of various diseases, and yet most 
of us have never had more than one or two of those diseases. The 
causa has been there, but the soil has not been in a proper condition 
to, allow it _ to grow. When we talk of cause we want to know 
exactly what we mean. However Susct'lptible one may be towards 
tuberculosis, unless he has got into his body the bacillus tuber
culosis he would not contract the disease. If there was no dust 
there would be no miner's phthisis. The causa causans of this 
miner's phthisis has been proved up to the hilt to be due to this 
particular form of mineral matter, non-absorbable by the tissues. 

Very much has been said as to gases being the predisposing 
causes. I would like to point out that very often the converse is 
the fact. A man suffering from miner's phthisis, in a small degree 
even, has not at that time the full use of his lung. If a portion of 
his lung is subject to fibrosis, that amount of lung is out of gear. 
Let us imagine that a quarter of his lung is not working and that 
only three-quarters of his lung is allowed to him to get into his 
blood the necessary oxygen. ~When such a man is forced to 
breathe an atmosphere which contains considerably less than the 
normal quantity of oxygen, and he has to breathe these very bad 
gases, it is obvious that the result to his tissues in general will 
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Cause of M£ner's Phth£sis 

b() that the oxygenation is greatly reduced and he will become 
anremlC. 

Every man who is subject to miner's phthisis is undoubtedly 
more susceptible to the irritating influence than if he had a normal 
and healthy lung, and I maintain that instead of these gases being 
the predispo3ing canse of miner's phthisis, miner's phthisis is really 
the predisposing cause of death by irritation due to these various 
gases. That is a point I have not seen mentioned, and it is a point 
rather more important than a good many people imagine. I have 
my doubts whether persons with normal lungs would die as quickly 
when they happen to breathe a small amount of such a gas as 
nitrogen peroxide as those who are suffering from silicosis. 

In conclusion, I must thank you for allowing me to speak at this 
late hour. There is a good deal more I would like to have said, 
but the last speaker has criticised EO admirably Mr Cullen's 
chemistry that I feel myself incompetent to say more on this 
subject. 

Mr F. White (contributed)-By introdncing the subject of 
"Miner's Phthisis" as a matter for discussion Mr Cullen may 
possibly elicit some opinions possessing the merit of being more 
definite in character than those which he himself advances. 

I have read the contribution carefully and am unable to find out 
what the author really considers to be the cause of the special 
class of disease to which miners are more liable on the Rand than 
elsewhere, and for which a remedy is required. 

He raises various men of straw, and knocks them over in a some
what jaunty manner with a'rguments which are not always sound 
or serious. 

Inhalation of dust is discussed, and apparently put on one side as 
an insufficient explanation. The gases produced by explosives, by 
fuses, etc., are then referred to, and the majority are considered not 
to be dangerous to a noteworthy extent. Carbon monoxide and 
dioxide, however, are apparently singled out as being worth con
sideration, but these, after being, so to speak, pilloried, are let off, 
the author declining to say whether or no in his opinion they are 
the canse of the disease. 

Towards the end of the paper there is a reference to the bene
ficial results which can be expected from the use of dilute canstic 
alkalies with the addition of ammonia. This is evidently considered 
a sort of all-round patent medicine, which lays dust, neutralises 
carbonic acid gas and nitrogen peroxide as well. 

The author thus throws a sop to the holders of both dust and 
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Dust and Rock-DrZ"ll£ng· 243 

gas theories, but neither can flatter themselves that he support~ 
their views by arguments or proofs. 

The paper advances no definite idea for us to discuss, we can 
therefore only deal with some of the views set forth by the author. 
Oertain opinions appear to me to be erroneous, and should be cleared 
away from the main question under discussion. 

A mask is not the only thing that can be used as a protec
tion against dust, respirators have given good results in similar 
circumstances. 

It is not necessary in order to lay dust to throw about such a 
quantity of water as would make the miner's clothes continually 
"sopping wet." 

The primary object in using air compressors is generally supposed 
to be that of working rock-drills, the improvement in ventilation 
being a secondary matter, although, at the same time, a very 
important one. 

A good engineer endeavours to keep the air hot after it leaves 
the compressor, not to cool it, as this lowers the pressure. 

The difference between coal dust and broken fragments of silica, 
the product of the rock-drills, is so notable, both in composition and 
in form, that no comparison can be made between the two as far as 
they may affect the lungs when inhaled. 

I hope that the Council will invite some members of the medical 
profession to be present at the discussion, in order that some really 
competent and decisive opinions as to the cause of the disease may 
be given us. 

As regards blasting by electricity, shaft sinking being selected as 
a basis for discussion, I fear that miners will decidedly object to 
this being made a subject for legislation, as it would do away with 
the possibility of firing certain portions before the others, for the 
sake of a prQblematical advantage in decrease of smoke and gases 
which are not as yet proved definitely harmful. 

The author of the paper refers to the fearsome appearance of 
mine dust under the microscope, such material, if drawn into the 
lungs in any quantity, cannot fail to cause very dangerous irritation 
and inflammation. 

The West Inuian negroes are fond of mixing glass powder with 
the food of anyone they wish to be rid of, and the two materials 
are very similar in character. 

It appears to me that the miner is more likely to suffer harm 
from being exposed for a long period to the dust flying from the 
heavy and rapid blows of his drill, than from the comparatively few 
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AbsorjJt£on of Dynam£te Gases 

instances when noxious gases are produced by defective explosives 
or incomplete explosions. 

The use of a small spray of water under pressure obtained from 
the compressed air pipes, would no doubt stop the greater part of 
the dust produced by the drills from flying about, and thus minimise 
what appears to me to be the most likely source of harm. The 
arrangement must be light and easily worked, or it, will not meet 
with the approval of the workman, although supplied with the 
intention of affording him protection. 

I agree with the author that the conservatism of the workman is 
likely to defeat to a large extent the good intentions of both 
employer and legislator. 

But just let us know what. we have to deal with. Let the 
medical men settle the cause of the disease. Then, if it is 
mechanical, the engineers will find a way to minimise it j if it 
results from the formation of harmful chemical compounds we can 
leave our chemists to deal with it. 

If the author had given us facts which would have added to our 
knowledge, or some opinions which could have been discussed, the 
matter would have taken a step forward. It is possible, however, 
that a discussion may follow the introduction of this subject, which 
will be a useful addition to our proceedings. 

Mr H. Gnerreau (contributed)-I have pleasure in communicating 
the results of some purely theoretical experiments which I made 
some time ago on the absorption of dynamite gases by ammonia, 
and which fully confirm Mr Oullen's experiments. Nitric peroxide 
is quickly and completely absorbed by even dilute solutions of 
ammonia, with subsequent formation of ammonium nitrate and 
ammonium nitrite, according to the equation :-

2N02 + 2NHg + Hp=NOgNH4 + N02NH4• 

Oarbon dioxide is similarly absorbed with production of ammonium 
carbonate and ammonium bicarbonate. Oarbon monoxide alone 
remains nnacted upon. Ouprous salts are the only mineral com
pounds which are known to readily absorb this gas, but the whole 
dominion of organic compounds has to be looked into, and it is 
there that we must expect to find an efficient absorbent, if any is to 
be found. Being given, however, that we know nothing about the 
origin and physiological nature of miner's phthisis, nor even if 
miner's p~thisis really exists as a specific disease, it is scarcely 
worth whIle to engage upon what-would, in all certainty, be a very 
lengthy research. Ooncerning the use of ammonia, may I be_ 
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Hazardous Posz"t£OJZ of the M£ner 245 

allowed ··to make ~ suggestion, which, as I have no experience in 
blasting and the use of explosives, may be devoid of practical 
value: Oould not a small vessel of thick glass, containing a con
centrated solution of ammonia, be inserted in the hole, within or 
upon the tamping j this could be shattered at the moment of the 
explosion, thereby producing a great diffusion of the reagent 
amongst the gases evolved, and causing ~heir instantaneous decom
position. The physiological action of nitric peroxide is not entirely 
known: like carbon monoxide, it transforms hremoglobil! into a very 
stable compound, which oxygen is afterwards unable to convert 
into oxyhremoglobin, but that compound contains oxygen j it might 
be methremoglobill, and might maintain life for some time. This 
much, however, is certain: Nitric peroxide, like chlorine, bromine, 
iodine, destroys the epithelium of the lungs, and, if enough has 
been inhaled, death may ensue, but not immediately. I need not 
add that dynamite gases may have nothing to do with miner's 
phthisis. Until we have some serious data upon that disease, all 
remedies proposed will be purely empirical. 

DISCUSSION AT APRIL MEETING, 1903 

Mr T. L. Oarter - Few subjects have received more public 
attflntion during the past year than that of miner's phthisis, or 
"miner's complaint," as the miners call the disease. 'When one 
realises what havoc the malady has already played in our industrial 
life, it is easy to understand this widespread interest. The fact 
that under the conditions existing in the past in the mines, a hale, 
strong man at the end of seven years' work as a machineman (in 
many cases a less number of years than seven), would either be in 
his grave, or an invalid for life, makes one realise what a hazardous 
calling that of a rock-drill miner has been. We have congratulated 
ourselves too much in the past upon the comparative safety of the 
miners in this country, when we read of a big colliery disaster in 
England or America, for this insidious disease, miner's phthisis, has 
caused a death-rate amongst underground workers on the Rand as 
high as in some other fields where the conditions of working are 
more dangerous than in the Transvaal. 

,Ve used to hear a good deal of the happy lot of the rock-drill 
contractor, of the high wages he earned for a very little work. 
These high wages allured many into becoming rock-drill men. I, 
for one, thought there was a fortune in it, and learned how to run 
machines. All that I can say is that I devoutly hope an unkind 
Providence wiU never decree that I must make my living as a rock-
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246 Liability oj Miners to Phthisis 

drill runner. There are many more comfortable ways of getting 
through· the world, and the high wages are small compensation 
if a man is finished up in seven years or so. 

Mr Cullen has mentioned points of interest regarding miner's 
phthisis, and I trust what I have to say will not sound like 
repetition. Mr Cullen thinks too much is laid to the charge of 
miner's phthisis. Possibly so, but if the death of a miner is 
brought about by unfavourable underground conditions, it matters 
little whether it is miner's phthisis or some other disease. What is 
required is to guard the workmen, not against miner's phthisis only, 
but against premature death. ' 

In the public discussion of miner's phthisis, little attention seems 
to be given to a point of consiuerable importance. Mr Cullen 
leaves it unnoticed also, but if he had been through some of the 
" dry" mines of the Rand, I am sure he would have mentioned it. 
In a stope where there is no water, and the material has to be 
turned over and over again, an enormous amount of dust goes· into 
the atmosphere, so that every man working in the neighbourhood 
is affected by the dust. Some seem to think that the machinemen 
are the only ones liable to contract miner's phthisis, but I firmly 
believe that in a mine where water is scarce, as happens in some 
deep levels, everyone working continuously in the mine will 
eventually contract the disease. Of course men working on 
machines are in much greater danger than others, but when dust 
is distributed freely all workers are in danger. Very likely some 
of yon have been surprised, on coming to the surface from a part 
of the mine where you thought there was no dust, to find on 
expectorating how mistaken you were. 

It is this phase of the subject which is serious, for I do not see 
how you can prevent having dust in a mine with no water, and 
flat stopes which require a great deal of shovelling. 

Mr Cullen says that the dust from a blasting operation settles 
quickly. The coarser particles no doubt do, but the impalpable 
powder does not, as I have found out experimentally. In a stope 
where I had occasion to blast several times a day, I placed a well
polished saw, and watched how the fine, dry slime gradually settled 
on it. I wiped the surface clean, but in time another coating was 
formed. It is this excessively fine, slimy dust, no doubt, which 
does most of the mischief, for it assimilates with the lungs at once. 
Any currents of air cause this fine slime to travel considerabJe 
distances. 

In the clause, "Whether it is not better from a health point of 
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Mine Ventilation 247 

view, to inhale the dust and work under comparative dry conditions, 
than to trap the dust and work in sopping wet clothes," Mr Cullen 
seems to think that the choice is between wet clothes and dust. 
This, of course, is not so, for the miner is not drenched in the 
operation of laying the dust, or preventing it from forming. 

The question of ventilation is touched on, in the paper under 
discussion, and it is a vital point. How many mines on the Rand 
supply the amount of air required by law, namely, 70 cubic feet per 
man per minute 1 The question of ventilation is too big a one to 
introduce in a discussion like this, but I am of opinion that when 
inadequate, it has a lot to do with miner's phthisis. Considering 
the importance of the subject, I believe a paper on "Ventilation" 
would be a valuable theme for some one to write on. 

I do not see the possibility of the statement that gases exuded 
by the rock itself, or from fissures, vitiates the atmosphere, as I 
believe the formation we meet in the Witwatersrand precludes any 
danger from that source: 

Mr Cullen mentions the condition of the air sent into the mine 
by the compressor. There are two elements of danger, it seems to 
me, namely, from the oil, as Mr Cullen points out, and also from a 
possible excess of moisture. As to the oil I would point out that 
not only does oil from the compressor get into the underground 
atmosphere, but also oil from the rock-drills themselves. If it is 
proved that oil in the atmosphere is detrimental, I believe another 
form of lubrication can be introduced. As to the moisture, if 
excessive, the air can be made drier by using taps, and, if necessary, 
by bringing the air into contact with hygroscopic substances. 

There is a point which as yet has provoked little comment, and 
that is the practice of returning to a working face after a blast. 
Some people, unacquainted with the working of a mine, declare 
this should not be allowed. I am not going to discuss the question, 
but I must say if we expect to keep the excellent record for rapidity 
and cheapness of development we had when the industry was in full 
swing, I do not see how we can prevent the miner from going back 
to blast as often as he thinks necessary. If he is to make good 
wages, at the prices given to contractors, there are days in the 
month when he must go back to the working face to blast the second 
time. It is °a dangerous thing to do, for most of the cases of 
" gassing" occur in this way. 

Given the proper protection, a miner can enter a deadly atmos
phere with impunity. You have, no doubt, seen the oxygen hoods 
and air bags used by firemen. With these masks they have 
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Smoking and Miner's Phtlzisis 

gone into a dense atmosphere of ammonia gas to rescue victims 
overcome by the fumes. Why could not such an apparatus, which 
is not expensive, be used on our mines, especially in deep levels, 
where some of the drive-ends are very far from the shafts. Such a 
device would also be invaluable in rescue work, as for instance after 
an explosion of dynamite, or of a miner who has been" gassed." 

Please notice that this mask answers a different purpose from the 
respirators. The miner only wears it on entering the working face 
to blast the second time. The mining industry has much to gain 
from a successful agricultural scheme for the Transvaal, and in no 
way more than this. Suppose farming in this country actually 
paid, and the veld in this section supported hundreds of well-to-do 
farmers. vVhat a godsend it would be for the sufferers from 
miner's phthisis. No doubt you have seen men suffering from the 
first stages of the disease go off to a farm for a month or two and 
live in the open air. What a change this life on the veld made! 
There are many men on the Rand to-day who know they have the 
disease in a mild form, but who are compelled by circumstances to 
work on. Suppose these men could give up mining for a year or 
so and earn their living on some big farm. No doubt their lives 
would be very greatly prolonged. 

The last point I will raise in connection with Mr Cullen's paper 
is this: All of you who are thrown much with the miners know 
what inveterate smokers they are. In fact, you would hardly 
recognise a man in the mine as a miner without his old clay pipe 
turned upside down! I have seen miners working underground 
suffering so acutely from miner's phthisis that they scarcely had 
breath enough to get around, still clinging manfully to their pipes. 
Seeing that the use of tobacco is prohibited to those suffering from 
asthma or any lung complaint, what I should like to know is 
this: Is not this excessive use of tobacco a very aggravating cause 
of miner's phthisis 7 

This point brings us to the conviction that the miner himself is 
somewhat responsible for the calamity which so often overtakes 
him. Next to the soldier the miner is probably the most careless 
of individuals, and often neglects to use the safeguards provided 
for him. In spite of this, however, those in authority should not 
feel themselves exempt from the duty of reducing to a minimum 
the dangers which beset the workmen in the most dangero,us calling 
in the world-that of mining. 

Dr J. Moir-Mr Cullen has given us a very able, if rather dis-
9ursive, paper on this subject, and, although it IS so~ew4a~ hap1 
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Gas Poisoning and Miner's Plzthisis 249 

to decide what is his own opinion of the matter, the impression 
produced is that he wishes to prove that miner's phthisis results 
from dust alone. N ow this, of course, depends on the definition of 
miner's phthisis. I will begin by showing from Mr Cullen's first 
three paragraphs that his logic is defective. He says (1) dust 
causes the mortality on the Rand; (2) miner's phthisis results from 
dust alone. It follows from these premises that the mortality is 
due to miner's phthisis. This, however, amounts to saying- that 
he ascribes" every trouble to which a miner is particularly liable" 
to miner's phthisis, which is the very thing which he thinks is 
being overdone. His opinions thus contradi~t one another. 

Nevertheless, the crux of the whole question is just this identical 
point: is the mortality due to miner's phthisis 7 N ow, it is quite 
true that "miner's phthisis" appears on many a death certificate 
here, and serves to cover a multitude of sins of omission in 
diagnosis, in exactly the same way as " influenza" does at home. 
This fact, however, is no evidence of the widespread existence and 
destructiveness of miner's phthisis on the Rand. On the contrary, 
it seems to me that a diagnosis of miner's phthisis (as defined by 
Dr Pakes) remains nothing more than a mere guess until the 
patient has died, and a chemical and microscopical examination of 
his lungs has been performed. No evidence from external exami
nation can amount to proof of the existence of this disease; like 
circumstantial evidence in law, it can only give a pnsumption of its 
presence, not proof. 

The thesis which I wish to prove is that the mortality amongst 
miners, while partly due to "miner's phthisis" (or pneumosilicosis), 
and preventible by means of a spray, is really due in great part to 
gas poisoning, acute and chronic. The question whether silicosis 
aggravates gas poisoning, or vice vej'sa, is one which cannot be 
decided until it is less of a rarity for medical men to look out for 
carbon monoxide poisoning in their fatal cases. 

Now, the only really noxious gases present are carbon monoxide 
and nitric peroxide. Mr Heymann will show on unimpeachable 
authority in a future paper how exceedingly dangerous to life 
these two gases are, even in great dilution with air. 

What I shall confine myself to is to prove that blasting gelatine, 
as ordinarily used, does produce an enormous quantity of carbon 
monoxide, although, theoretically, it should not; and I shall try 
to suggest the cause of this state of affairs. 

I may not anticipate the report of the Commission by divulging 
an! of the analyses, LE;lt us? however, suppose that, after explodin~ 
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250 Volume of Gas from Explosz"ves 

30 lbs. of gelatine, the air of the drive contains 2 per cent. of carbon 
dioxide and, say, 4, per cent. of carbon monoxide (i.e. in a ratio of 5 
to 1). Then, since carbon dioxide and carbon monoxide are practi
cally absent before the explosion, they must have been added by the 
explosion in this ratio of 5 to 1. Again, pure nitro-glycerine gives, 
on perfect explosion, carbon dioxide = 72'5 per cent. of the per
manent gases (and no carbon monoxide). Therefore, in the case of 
the impe1ject explosions, w hich- al ways seem to happen in practice, it 
is not pure carbon dioxide, but a mixture of -i1- carbon dioxide and ~ 
carbon monoxide, which must have been formed; that is, the actual 
gases from the blasting gelatine contain about 12 per cent. of carbon 
monoxide and 60 per cent. of carbon dioxide, the balance being 
nitrogen, with small quantities of nitrogeu peroxide and hydro
carbons. This may seem a comparatively tame result, but if we next 
consider the actual quantity of gas produced the figures become really 
startling. In one case I took samples of everything used in the 
blast and analysed them. The total weight of carbon from every 
source in these materials was 2382 grammes: this would yield a 
volume of 5955 litres of gas under the prevailing condit.ions of 
temperature and pressure, 800 F. and 25" Hg. (27 0 O. and 625 mm.). 
Now, ~ of this is carbon monoxide, namely, about 1000 litres (35 
cu bic feet). 

Next, it has been found by experiments on rabbits how much 
carbon monoxide is required to cause death, and if we assume that 
man requires more in proportion to his weight, we find that a man of 
11 stones requires only '8 gramme of carbon monoxide (measuring f 
of a litre here) to kill him if the whole is absorbed. It follows from 
this that the gases produced in a siugle explosion could kill 1167 men 
if the whole were to be absorbed! The sole reason why" gassing" 
is not constantly occurring iR that after several hours the carbon 
monoxide is so highly diluted with air that it is absorbed very slowly; 
nevertheless, it is probably still there, and a proportion of less than 
1 per cent. will prove fatal to life in a short time, as is exemplified 
by the well-known effects of charcoal fumes, which seldom contain 
less than this proportion of carbon monoxide. 

Next, to show where most of this carbon monoxide comes from, we 
simply calculate how much the sources other than dynamite could 
yield at the most. The dynamite wrappers used, consisting of paper 
soaked in paraffin wax, would, if burnt so as to convert all their carbon 
into carbon monoxide, yield 350 litres of this gas; but a lot of 
hydrocarbons are actually formed, so that the carbon monoxide pro
duced is probably not more than 200 litres from this source. The 
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Carbon Monoxide £n Explosive Gases 251 

quantity of carbon monoxide from the fuse is less than 6 litres. We 
see thus that the gelatine is responsible for i of the carbon monoxide. 
This result can be confirmed by analysing all the materials into their 
elements, when it will be found that the amount of oxygen present 
is too small to burn all the carbon present to carbon dioxide, even 
if we assume that the gelatine contains 94 per cent. of nitro
glycerine and 6 per cent. of hexanitro-cellulose and nothing else, 
a statement which I strongly doubt. -

I have stated that i of the carbon monoxide must come from 
the explosive. This is probably due to the evolution of' 200 + 02 
instead of 2002' That these two gases could co-exist uncombined 
in the flame of the explosion is probably due to the extremely high 
temperature and the velocity with which they are projected. Oarbon 
dioxide decomposes into carbon monoxide and oxygen at 1300° O. 

Dr Aymard has calculated that the compressor air receives about 
-;;;;tro of a drop of oil per minute, and thinks this is a ridiculously 
small quantity. If, however, this is converted into carbon monoxide 
by the heat of the cylinder it would give 40 C.c. of carbon monoxide 
per hour, which is not, in my opinion, a negligible quantity. 

The last point I shall deal with is the suggestion to "lay" the 
carbon dioxide with caustic soda solution. A small calculation 
shows that 30 Ibs. of explosives will produce so much carbon 
dioxide that 30 Ibs. of caustic soda, costing, perhaps, lOs., will be 
required, and 107 Ibs. of crystalline carbonate of soda will res~lt 
from a single blast. Hence, Mr Heymann's picturesque remarks 
on this subject are well founded. 

The same objection, apart from hygienic reasons, applies to the 
use of ammonia. In this connection, Prof. Lehmann found that 
even '15 per cent. ammonia produces sickness, and the chief German 
authority, Prof. Kobert, says that a workroom containing even 
'05 per cent. should be closed by the police. 

If, on the other hand, the ammonia is intended to catch nitric 
fumes, only a small quantity would be required, as nitric fumes 
are only produced in quantity when gelatine is burnt, not exploded. 
I really think, however, that a water spray would be quite as efficient 
without the ammonia-. 

Finally, I may say that, although some of the carbon monoxide 
might be prevented by doing away with the present type of 
dynamite wrappers and by using efficient detonators, I am con
vinced that the only real remedy for the carbon monoxide and 
the comparatively harmless carbon dioxide is thorough ventilation 
with external air. -
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'Prevalence of Dust Phth£sis '. 

Mr T. Johnson-In discussing miner's phthisis we' should 
start at the beginning and ask ourselves: What is it ~ How is it 
caused ~ and how prevented ~ 

Miner's phthisis is the popular name given to that affection of the 
lungs which is caused by the inhalation of a mechanical irritant 
snch as silica. 

Phthisis is the name given to a large group of diseases of the 
lungs, and this group has many subdivisions-miner's phthisis 
being one of these subdivisions. 

Tubercular phthisis or consumption is another of these snb
di visions, but here the cause is due to infection from tu berclllar 
organism. It is not a dust phthisis but one caused by an organism. 

Dust phthisis is found in varying degrees of intensity in all trades 
and occupations where the wor ker is exposed to the inhalation of fine 
particles of dust, as for example: miners, millstone makers, stone 
cutters, lithographers, potters, especially scomers, weavers, pearl 
shell cutters, grinders and polishers of steel instruments. 

In answer to the oft-repeated argument that bad gases are the 
cause of miner's phthisis, it is sufficient to glance at the above Jist 
when that question should be settled once for all, all those trades 
suffer from dust phthisis, and as hardly any of them are exposed 
to gases this cannot be the cause. 

At the meeting of the South African Association of Engineers in 
January last, after the reading of Mr E. P. Rathbone's paper on 
the" Prevention of Miner's Phthisis by Ventilation," Drs Davies and 
Napier stated that miner's phthisis was due to dust and dust alone, 
aud that however good the ventilation of a mine may be, that fact 
would not prevent miner's phthisis, and I believe the bulk of 
medical opinion is the same. Consequeutly I should think we can 
safely abide by the expressed opinion of these medical men that 
dust is the cause of miner's phthisis. Being satisfied that dust is 
the cause of miner's phthisis, I will give you a layman's idea of the 
action of the dust. 

The lungs are made up of a large number of small closed tubes, 
which, before terminating, bulge ont, forming air cells. These 
cells are covered by a network of capillaries, formed by the break
ing up of the pulmonary arteries. While passing through the 
capillaries round the air cells, the blood is brought in very close 
contact with the air in them. The oxygen of the air passes from 
the air cells into the blood, and the carbonic acid gas passes from 
the blood into the air celIE', and at the next expiration is forced out of 
th(j lun~s. Anything preventing this exchange of gases causes harm. 
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· Preventz"on of M£ner's P hth£s£s 253 

Assuming that a person is working in a dust-laden atmosphere, 
during each inspiration dust is drawn into the air cells and some 
of it sticks there, grinding and cutting its way into the walls of 
the air cells, thereby preventing the proper diffusion of the gases 
and setting up inflammation. This goes on until the accumulation 
of dust is so great that the capacity of the lungs is too small to 
allow sufficient oxygen to pass into the blood, and ill-health follows. 

Mr Cullen in one part of his paper says: "Have any of you ever 
examined the dust under the microscope ~ If you have, you will 
readily understand how dust can be so dangerous," etc.; and further 
on in the same paragraph says: "One finds it difficult to realise 
that disease would. result from the inhalation of banket dust." 
This seems to be rather contradictory. 

Taking it for granted that dust is the cause of miner's phthisis, 
then the prevention of miner's phthisis eonsists in preventing the 
dust from floating about in the atmosphere, whether produced by 
drilling, blasting, or shovelling. . 

I do not think there is any great difficulty in this, except in the 
matter of expense, and I think the mining companies will gladly 
find the money for any scheme that has a chance of being successful 
in preventing miner's phthisis. 

There are several schemes under trial. 
Ist.-There is the hollow drill-steel for drilling machines, which 

passes the water to the boring-bit, allowing it to escape ther~, 
thereby preventing the formation of dnst during drilling, also, after 
the holes are drilled the water-hose can be disconnected from the 
machine and the place sprayed over, laying all dnst in the vicinity 
before blasting. 

2nd.-Sprays or jets working by compressed air. In these the 
spray or jet is directed on the front of the hole, meeting and laying 
the dust as it issnes from the· hole. With these appliances the 
place can also be sprayed over before blasting. 

In these two systems the water has to be carried in buckets to 
the place where needed. 

3rd.-Sprays or jets working under a head of water. The spray 
or jet being directed on the front of the hole, as in the last case. 

In this system the water pipes are laid (from the pnmp column 
preferably) into the different working places, and the water issues 
from the sprayers without noise or fog. 

Either of these schemes will prevent dnst, and all of them will 
no doubt be used as their value becomes known. 

Many people seem to think that if the mines were better 
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254 Carbon Monoxide 

ventilated it would act as a preventative of miner's phthisis, but I 
do not think so myself. The stronger the air currents the further 
the dust would be carried. I am not advocating poor ventilation, 
far from it, but the dust must be laid first-then improve the 
ventilation to carry away the noxious gases. As to the use of 
masks or respirators" they will not be wanted if the' dust is laid 
and the ventilation improved. 

Mr Cullen, in speaking of the noxious gases produced, viz. 
carbon monoxide (CO), carbon dioxide (C02), nitrogen oxides, 
especially nitrogen peroxide, (N02), and sulphuretted hydrogen 
(H2S), says the last mention~d is the only one likely to cause 
inconvenience-but I think carbon monoxide as bad. 

As many miners are of the opinion that these mine gnses are 
greatly responsible for miner's phthisis, it might not be amiss to 
give a short descrip~ion of them and the effect on the body, in 
order to prove that, though dangerous to health if breathed, it is 
as Mr Cullen stated in his paper-they cannot be connected with 
the cause of miner's phthisis. 

1st.-Carbon monoxide (CO), molecular weight 28, density 14, 
S.G. 0'969. Discovered by Priestly in 1787. Known in collieries 
as white damp and sweat damp. 

It is a colourless, tasteless gas, having a slightly oppressive odour. 
Very poisonous, 1 or 2 per cent.,,if breathed for a short time, 
producing fatal results. It absorbs oxygen from the blood, causing 
the blood to assume a bright scarlet colour. It acts on the system 
as a narcotic, producing palpitation of the heart, loss of muscular 
power and stupor, followed by acute pains in the head, back and 
limbs, and afterwards delirium. Those poisoned by this gas retain 
the appearance of life and health, and the colour of the skin is not 
changed. It is explosive when mixed in air in the propor~ion of 1 
volume of carbon monoxide to 2~ volumes of air. This gas has the 
widest explosive range of any gas known to mining except hydrogen. 
It is only slightly soluble in water. It is combustible, burning with 
a bright blue flame. It is also a supporter of combustion, being 
the only mine gas that burns and at the same time supports com· 
bustion. This property leads to very important results in coal 
mines, inasmuch as it lengthens the flame of a lamp or the flame 
of a blast. It does not occur naturally, but is produced by 
incomplete combustion, gob fires, explosives, and explosion of coal 
dust. It is one of the constituents of after· damp. 

2nd.-Carbon dioxide, CO2 (choke damp, stythe), molecular 
weight 44, density 22, S.G. 1'527. Discovered by Black in 1756, 
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Carbon Dioxide 255 

It is a colourless, odourless gas, having a peculiarly swe,et taste, 
which can be detected in the mouth when inhaled in large quan
tities. Some authorities say it has a slightly acid taste. 1 t is not 
a poison if swallowed into the stomach, as, in the form of effervescent 
drinks and water, it is taken in large quantities. If inhaled in 
quantities it produces death from suffocation, by excluding oxygen 
from the blood. When breathed for any length of time it causes 
headache and nausea, followed by weakness, and pains in the back 
and limbs. It causes the blood to assume a dark red colour; 3 to 
8 per cent. is dangerous to life; 15 per cent. extinguishes at once 
the flame of a candle; 33 per cent. a coal gas flame; and 58 per 
cent. a hydrogen flame. It is soluble in water, 1 cubic foot of water 
taking up 1 cubic foot of this gas at ordinary press lIre. The 
absorption is quickened by the addition of lime to the water. It is 
also one of the constituents of after-damp, and is produced by 
animal exhalations and decomposition, and by the combustion of 
carbon in a plentiful supply of air, and is sometimes given off' 
naturally from the strata of the mines. 

3rd.-Sulphuretted hydrogen (H2S), molecular weight 34, density 
17, S.G. 1'1912. Discovered by Scheele in 1777. 

It is a transparent, colourless gas, having the offensive odour of 
rotten eggs, and is inflammable, burning with a blue flame. It is 
very poisonous, t per cent. to 1 per cent. being fatal. It is soluble 
in water, 1 volume of water will take up 3 volumes of the gas. 
It is produced by the decomposition of iron pyrites in the presence 
of water, and occasionally from blasting. It is said to cause blind
ness if breathed. Mixed with seven times its volume of air it is 
violently explosive, taking fire at a low red heat. 

4th.-Nitrogen peroxide-hyponitric acid (N20 4, or N02), mole
cular weight 46; density 23. It is a gas of an orange colour, has a 
suffocating odour, poisonous; produces inflammation of the lungs 
if breathed in only small quantities. The chief resultant in air 
from decomposed nitric acid. 

Mr Cullen questions whether "It is not better, from a health 
point of view, to inhale the dust and work under comparatively 
dry conditions than to trap the dust and work in sopping wet 
clothes." I cannot see any reason why a man should get" sopping 
wet" by preventing dust-if that is Mr Cullen's experience, it 
is not mine-that is, as far as sprayers are concerned. 

Further, he says: "Seeing the compressors are primarily 
erected for helping and improving the ventilation." Is that not 
a mistake 7 I always thought that compressors were primarily 
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256 Comm£ss£on on M£ner's Phthis£s 

installed for supplying power to the rock-drilling machines, etc. I 
don't think anybody would purposely put in a compressor for 
ventilation; they would take some better means of doing it. 

In conclusion, I would state that I am decidedly of the opinion 
that dust is the cause of miner's phthisis, and that the prevention 
of dust means the preyention of miner's phthisis. As regards the 
noxious gases, they have nothing to do with the cause of the 
disease. 

Further, I believe the disease will soon be little heard of, 
especially if the miners themselves will only co-operate with the 
managements in the desirable object of preventing dust. 

Mr J. A. Wilkinson, M.A.-Throughout the discussion on the 
subject. on which Mr Cullen's paper was written, and also in the 
paper itself, it has struck me more and more forcibly that we are 
not attempting to give an exact meaning to the term which we 
hear so glibly and carelessly used to specify the cause of the high 
death-rate among the miners of the Rand. Mr Cullen himself did 
not define it. Mr Heymann's paper brought into some prominence 
the chemistry of the mine atmosphere. Dr Pakes informed us that 
the subject under discussion was silicosis, and that ul)der the term 
miner's phthisis we had no right to discuss any other disease, and 
Messrs \Vhite and Guerreau left the matter severely alone. The 
question which I presume we are trying to answer is: 'What are the 
causes which lead to this great mortality amongst the miners here? 
and when once these have been elucidated, what are the best and 
most serviceable means of prevention, and, if this is impossible, of 
destroying their baneful effects? Silicosis or fibrosis caused by 
the deposit of siliceous particles on the pulmonary epithelium is 
undoubtedly the cause of many deaths, but is it "alone" responsible 
for this high mortality? When the facts are fully ascertained I 
think that this will be found not to be the case, and, indeed, 
as regards the whole subject, I fear we are as yet in a state of 
transition. The Commission now sittillg on this subject are com
pletely investigating the matter, and .until we are allowed to use 
the quantitative data which they are collecting we must be content 
to make general deci uctions from practical experience and q uali
tative statements_ The evidence we require before this problem 
can be entirely settled is chemical, physiological, and pathological. 
The chemical knowledge will give us-accurate statements of the 

(1) Composition of the air of a mine under all circumstances, 
and that of air supplied. 
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Commz"ssz"on on Mz"ner's Phthz"sz"s 

(2) Composition, action, and products of combustion of the 
fuses, detonators, and explosives in most common use. 

(3) Decomposition products of decaying animal and vegetable 
matter present, and their action on surrounding media. 

(4) 'Waste products of respiration, etc. 
(5) Decomposition products of artificial or other illuminants. 
(6) Chemical actions which may occur between the various 

components of strata, etc. ; 

and, in connection with this, any physical actions which take place 
concurrently. 

The physiological evidence will inform ns of the several actions 
of these substances on the system, and, fortunately, owing to the 
labours and researches of the last forty years, this knowledge we 
possess. The pathological evidence will supply us with information 
of the conditions of the several organs in disease, and this, I am 
given to understand by medi'cal men, is almost entirely wanting, as 
also the bacteriological evidence of the micro-organisms present in 
the air of these mines. The latter would amply repay a close and 
careful investigation, and would also be of the greatest importance 
and utility. The experience of practical miners and others on these 
fields is very great, and 1 feel certain that the majority of the 
members of this Society could contribute to the discussion papers 
of real value, even if they devoted themselves solely to actnal 
experiences, and such information would be more than useful in 
solving this intricate problem. The time and opportunity required 
to give such evidence before a Commission would prevent many 
men from appearing, and many others would doubtless be pre
vented by the fact that they would look upon the cross-examination 
in much the same way as a guilty prisoner undergoes such an 
ordeal. Here, however, we hope such deterrents would be wanting, 
and I sincerely hope such evidence will soon be forthcoming from 
those who have had the practical experience required. It will be 
seen from the above that what appears to be lacking is the medical 
evidence, and I have every reason to believe I am right in stating 
that many deaths have been attributed to miner's phthisis which 
were due to other causes, such as the inhalation of poisonous gases, 
etc. Silicosis, as we have been informed, is a specific disease due 
to a specific and well-known cause, namely, the inhalation of the 
dust of the mine atmosphere, and the subsequent deposition of 
these articles on the thin epithelial cells, which in many cases cover 
not one side only but both sides of the capillaries of the lungs, thus 
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Disease and Sanitation 

preventing, either partially or wholly, that complete oxidation of 
the hremoglobin which is necessary for health. And here the 
question may be asked, "How many of the cases of death labelled 
miner's phthisis can be more properly and correctly described as 
silicosis ~" Have the medical men who are and have been respon
sible for these verdicts, themselves made, or caused to be made, 
anatomical and histological examinations, which alone could be the 
only possible means of proving the correctness of their diagnosis? 
The answer to such a question, must, I fear, be in the negative, and 
if this is the case no time ought to be lost ere such investigations 
are taken in hand. In the case of the mines of other countries such 
investigations have been made, why not here? Again, there is one 
matter in connection with this high death-rate to which ail us ion 
has not been made, namely, the sanitation of these Rand mines, a 
matter, I venture to state, of the gravest importance. Is it because 
the system now in vogue is a perfect one, or is this a question of 
no importance here 1 We have heard much of this question above 
ground, where we have the advantage of a somewhat purer air than 
that of a niine atmosphere, but when the matter becomes sub
terranean, so to speak, it appears to be of no further consequence! 
The diseases which may arise from putrescent decaying matter are 
too well known, and may be found in any text-book, for me to make 
any further allusion to this subject, other than to emphasise the 
importance of its thorough investigation and the prevention of any 
of the well-known maladies to which it may give rise. Another 
point raised by Mr Heymann is one which I think is worthy the 
serious consideration of mine doctors, and that is the number of the 
miners who seek renewed health in South Africa, and are already 
suffering from tubercular disease when they arrive and begin work. 
Such men, apart from the fact that their subsequent decease may 
swell our Rand mine statistics, are a living source of death to their 
fellow-miners, and as a consequence our mortality is again increased, 
and charged with cases which in strict equity do not belong to it. 

As regards the two causes which have been advanced for the 
high death-rate here, I ask your forbearance for a few remarks. 
First, with respect to the dust. Although both Messrs Cullen and 
Heymann gave us a tlhort description of its actual microscopic 
appearance, yet neither of them gave us any information as to the 
quantity present in the varying atmospheres before, after, during, 
or between drilling operations, and these data alone can furnish us 
with the maximum dose, as Mr Heymann delights to call it, per 
inhalation consistent with good health. Secondly, with respect to 
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Poisonous Gases and Miner's Phth,isis 259 

the gases. Again we are in want of this specific information; that 
is, as regards these mines, until the Commission is pleased to publish 
its report. One point, however, is of importance, namely, that when 
nitro-glycerine is completely and properly exploded we get" no" 
carbon monoxide liberated, as was pointed out by Mr Weiskopf, 
whereas in the explosion of 1 gramme of pure gun-cotton, 234 C.c. of 
pure carbon monoxide, and the same quantity of carbon dioxide 
along with 166 C.c. of hydrogen and 107 C.c. of nitrogen are given 
off. On the other hand, by burning or imperfect detonation, in 
addition to these two harmful gases, nitric oxide is given off along 
with small quantities of hydrogen and ethylene, and the two latter, 
if allowed to accumulate in any quantity, would be a prolific source 
of explosions. Even these data alone would be sufficient to prove 
that death by the inhalation of these poisonous gases, especially 
carbon' monoxide, which must undoubtedly be present in the mine 
atmosphere in more than merely innocuous quantities, as Mr Hey
mann attempted to show, must frequently occur unless mechanical 
engineers provide a proper system of fresh air ventilation. A little 
calculation will show the number of possible deaths from carbon 
monoxide or nitric oxide, given the amount by volume necessary 
to produce death, did we know that present in the mine atmosphere. 
At this stage of the discussion, whilst the subject is still S1Lb judice, 
and the various experiments still in progress, it would be rash to 
make dogmatic statements. 

Speaking generally, I would say, in conclusion, let the chemists 
and medical men settle the question of sanitation, and the engineers 
that of the ventilation and dust, then, concurrently, and simul-, 
taneously, this high death-rate, or, in other words, this miner's 
phthisis, will disappear. 

Mr J. Fleming-I did not come here to make any remarks on 
the subject of miner's phthisis, yet the subject has been brought up 
to every mining mind and is most important. I think it is entirely, 
absolutely, and solely a matter of sanitation and ventilation of mine 
work. I have had a wide experience of mining for many years, and 
I remember a case in point that bears pretty well on the point at 
issue. In Spain I was connected with a large mine, and we were 
then driving a cross-cut between two lodes. The cross-cut was 
about a mile in distance. We worked four machines on a carriage 
and the dust was very great, but our miners suffered nothing as far 
as I know. We took no great precaution to find .out if anyone was 
ill, but nothing was brought to our notice that any of the men 
suffered from this disease, though the work lasted for the best part 
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260 Rock-Dr£ll£ng and M£ner's Phth£sz"s 

of two years. Our method there was simply to have a spray of 
water at the face when drilling. I think it was mounted on the 
drill, and then to ventilate we had a large-sized Roots blower suck
ing the air outwards. Alongside the gallery we had a square 
wooden tube about It inches thick and about half a metre square 
in section. The gallery was quite 1500 metres in length and the 
drills were working constantly at high pressure, yet our men had 
good health for two years. If there were a good system of ventila
tion got by a good ventilating machine-because there must be a 
downcast shaft and a good system of ventilation for the main work
ings-and an exhauster with a square wooden tube along the 
bottom of the gallery, every time there was a blast on the face all 
the dust would go right down into this tube, be carried away and 
delivered in a part of the mine where there is a good current of 
fresh air. Something like that, with mine sanitation, I think, would 
cure the whole thing. In some cases there may be pernicious gases, 
and we all know the danger of bad sanitation and putrescent matter. 
We also know that in dry mines the dURt would be very injurious. 
Have a spray on the face where your drill is working, and have a 
ventilating machine to drive the dust right out of your gallery. 
Something similar might be applied to the stopes, and then I think 
miner's phthisis will disappear. 

Mr B. E. Tennent-This subject of the poisonous effect of gases 
has been ventilated very largely, but we have not been told what 
are the actual physiological effects of the gases. Supposing a man 
gets not enough gas to kill him. There are cases constantly 
occurring .. Four cases occurred to my own knowledge last night, 
and to-day the patients are all right and back at their work, but 
we have not been told whether the effects of those gases are per
manent. It is only a permanent effect that can possibly have any 
bearing on miner's phthisis. One speaker this evening remarked 
that miner's phthisis was not known during two years' work in 
Spain, but even here it takes very often more than two years to 
produce recognisable symptoms. I know that in Stawell, Victoria, 
where they were drilling on hard white quartz, miner's phthisis 
was completely unknown before rock-drills were introduced. Blast
ing gelatine was not used at all, the explosive used being nitrate of 
sodium powder. After the rock-drills came into vogue there were 
a very great number of cases. I have known' the same symptoms 
to be exhibited by stone masons working on the surface the whole 
time. 

Mr O. Dixon-My experience has been that it is not neces-
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.Dust and Respirators 26r 

sary to go undergruund and swallow poisonous gases to die of, so 
called, miner's phthisis. I know of at least seven men who died 
from this lung complaint who never worked in a mine at all but in 
a dry crushing mill. 

I may mention that the ore was dried in primitive kilns dug out 
on the side of a hill, with tunnels or adit levels running in at the 
bottom of the kilns to discharge the ore. Men working in these 
tunnels, those attending to the rock crushers and those attending 
to the dry crushing mill and the filling of cyanide vats, died from 
the inhalation of fine dust. 

The problem we had to tackle was to keep the air clear of this 
fine floating dust, but in this case no such thing as a water spray 
could be used directly, as it was necessary to keep the ore perfectly 
dry and as warm as possible up to the time of commencing cyanide 
treatment. 

The dust nuisance, howev~r, was got over to a very great extent 
by the installation of a system of light zinc tunnels and pipes, COII

nected with a centrifugal exhaust fan, and, in this connection I may 
read to you copy of a letter which I wrote to the Mine Managers' 
Association early last year, as follows :-

"You have asked me to give you my experience of respirators as 
a means of reducing the evils of the dust nuisance which rock-drill 
men and others complain of. I may say that, during my stay in 
New Zealand, I was for three years Superintending Metallurgist to 
a company there and in charge of a 40-stamp dry crushing mill 
(ordinary gravitation stamps). The dust nuisance was one of the 
first problems I had to tackle. We purchased respirators to cover 
completely the nose and mouth, and did .all we could to induce the 
men to make a practice of wearing these, but found that as soon as 
they had worn them for an hour or less they would take them off, 
and either leave them hanging round their necks or throw them on 
one side altogether, and they would never keep them on at all when 
they were doing work which required a little extra exertion, which 
is the very time they really needed them most, as they would 
be breathing harder, of course, and inhaling more dust than 
usual. 

"For some time every new hand taken on in the mill was 
advised to wear a respirator and try and get accustomed to them, 
but the unanimous opinion was that the respirators (of which we 
had different patterns) could' not be kept dust-proof and at the 
same time allow of easy breathillg; and this was my personal 
experience of them also, as I frequently tried them and endeavoured, 
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Removal oj'Dust on Mz'nes 

by altering the filters, etc., in various ways, to make them of 
practical use, but without much success. 

" Seeing that respiratora would not get over the dust nuisance, 
I then arranged a system of large funnels, which were placed close 
up to the various places where the dust was rising from, and these 
funnels were connected by means of smooth zinc pipes to a centri
fugal exhaust fan, which was most effective in collecting the dust 
and conveying and delivering it where it could be dealt with. The 
same system was adopted with success in the tunnels, where the 
men were engaged filling the trucks from the ore-drying kilns. 

"Rock-drill men could be relieved of the dust lluisance to a very 
great extent by the same means-sim,ply have a suitable size dust
receiving funnel conveniently placed over the heads or on one side 
of them, and as close up to the place where the dust is generated as 
possible. This funnel would be attached to a telescopic pipe or 
hose, connected to the permanent main pipe, which delivers into 
the exhaust fan-which fan, of course, could be put at any reason
able distance off, and so placed as to take the dust from a number 
of such receiving funnels. The fan could be made to deliver its 
dust under a shower or spray of water, and the resulting mud (now 
no longer objectionable and dangerous dust) could be shovelled into 
trucks as it accumulated and sent to the surface either for the mill 
or the mullock heap. 

" I need hardly point out that an exhaust fan would not only 
effectually take away the dust from the face on which the men 
were working, but would at the same time cause a very excellent 
circulation of the air. 

Dr A. Aymard-The last speaker but three says we need not 
make dogmatic statements, we want facts in a paper like this. 
You will notice Mr Heymann discusses Mr Cullen's papers at great 
length, and Mr Heymann is to be taken very seriously, for you 
know he has given evidence before the Commission on Miner's 
Phthisis. I would especially advocate my system for rises. Men 
dread going into a rise more than any other part of a mine. It is 
in rises where you want a light portable apparatus, and I have 
proved the apparatus is very successful. I am not going to ridicule 
Mr Heymann's idea of temperature, but 1 do not for the life of me 
know how Mr Heymann has got his temperatures. He may have 
taken it from the best l1Uthorities. I have no right to make this 
statement, but 1 am inclined to say a temperature of 3500 to 450 0 F. 
is not the general temperature in a cylinder. How are you going to 
take temperatures in a cylinder. I have not been able to take it. 
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R esjn"rators 

I should like to know in how many mines NIr Heymann took these 
temperatures, He could not go to one mine and call it an average 
temperature, He has overlooked entirely that it is in the value 
box where much damage is done, scarcely any water circulates 
there at all. Because Mr Heymann finds carbon monoxiue ill these 
gases, is it any reason why this system should be done away with. 
By using very low grade oils in second rate condensers, you will get 
a certain amount of gas, but if you use high gmde oils they are 
guaranteed to stand a'very high temperature. A man breathes the 
same air in a rise, whether he breathes it through an inhaler or not. 
According to Ol1e speaker, the amount of carbon mono~ide given off 
from ordinary explosions is very terribI"e. One more point with 
regard to the use of alkalis. Mr Heymann says it would produce a 
tickling sensation in the nose and throat, and' an irritating cough; 
he is more of a chemist than I am, but I would point out that 
miners do not remain in the same spot from day to day. 

Mr J. Yates-In connection with the wearing of respirators, I 
will read you an extract from the speech made by the chairman at 
the recent meeting of the Rand mines, as follows :-

Miner's, Phthisis 

" Before the appointment of the Government Commission to deal 
with miner's phthisis, and before public attention was drawn to 
this evil, special efforts had been made by the Hand mines to 
combat it, and the precautions which we know of up to date have 
been extended throughout the whole of the Rand mines group. 
Water service is laid on to enable the men to keep down the dust 
where the drills are at work, and respirators are provided, but, as 
a general rule, there is a good deal of difficulty in persuading the 
men to take the necessary precautions. I don't wish to preach 
upon the subject, for the failing is Ol1e which is common to all. 
There is hardly a human being who does not feel the irksomeness 
of precautions, and neglect what his common-sense as well as his 
medical adviser tells him he should do. Rock-drill lIlen have 
repeatedly been found working in a cloud of dust, with a hose-pipe 
coiled up carefully on the ground some distance behind them, and 
when remonstrated with, have replied that it is too much bother, 
that they cannot keep a man holding up a blessed hose, or that 
they have other things to do besides playing water on it. One of 
our managers, on a round of inspection, quite recently found a 
miner with a respirator on the back of his neck He asked the 
man what in the Harne of Providence he kept it there for. The 
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Spraying and Respirators 

reply was that it was too stuffy for his mouth. Such technical 
compliance with the order to wear it scarcely tends to keep down 
min~r's phthisis. We have not the power to compel men to adopt 
the precautions, and by one man, at least, the manager was told 
that if this sort of interference was to go on, he would rather leave 
the property and go and work somewhere else where he would not 
be worried.» 

Mr Wager Bradford-I am prepared to agree that it is ·possible 
to get beneficial effects from the use of masks, but there is one point 
overlooked, and that is the point brought up by }\ir Yates in the 
extract just read. There is an absolute necessity for extreme simpli
city in any appliance a miner is expected to use. I personally have 
experimented with laying on water, and have found hoses coiled up 
in the drive, and respirators on the back of men's necks. The only 
appliance I have found to be of any efficiency is a spray directed 
on the collar of the hole. I have had very great difficulty in getting 
rock-drill men to take on rises and stay with them, but since I have 
introduced the spray I have put up a rise, which is now up 170 feet. 
A Government insppctor recently made a test of the air in the rise, 
and the result of the test was ·Oll grains of dust per cubic foot of 
air. This is a very small quantity. The air in the face of the rise 
was as good almost as it is on the surface. The two men who 
carried the rise up are both of them affected by miner's phthisis. 
One of them I had given a job on the surface, because he was not 
able to work any longer underground; but after his old partner 
had tried the spray for a little while, he was so pleased with the 
effects that he got this man to come back again, and both have 
been working at it constantly and have not lost a shift. The spray 
is as effective as anything I want to see for laying dust, and as long 
as such instruments can be used so successfully, no man will wear 
a mask. It is exactly the same as wearing a respirator, so far as 
stuffiness and irritation is concerned, and interferes far more with 
a man's work. The use of a spray is a simple method, and 
employs the smallest quantity of moisture on the face, where it 
does the maximum amount of good. It is difficult to get the men 
to see this, however, and you have to coerce them before they realise 
the advantages of the process. Once they have honestly tried it I 
believe they will use it universally. The spray referred to is one 
of Mr Britten's. 

Mr Heymann-Dr Aymard asks me how I obtained the tempera
ture in the cylinder. It was actually done by experiment, not 
stated "from authorities." The temperature was taken in the 
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Personal Explanations 

box. It was about 400 0 F. I do not remember exactly what it 
was. If it was 4000 F. in the box, most decidedly it must have 
been more in the cylinder. Theoretically, in the cylinder it must 
have been 6000 C., over nooo F. 

REPLY TO DISCUSSION (MAY MEETING, 1903) 

Mr W. Cullen-Before I proceed with the reply, which I am 
not quite prepared to make to· night, t.hough I think I am as well 
prepared as ever I will be, I should like to make a personal ex
plana.tion or two. At the time of writing my paper, the Council, 
I understood from our Secretary, was rather hard up for papers. 
This was coincident with some private experiments I had been 
making on my own account, but, although I made no reference to 
these experiments in my paper, I mean to do so to-night. My 
paper was written more with the 'object of provoking discussion, 
and I thillk, so far as this goes, it has been pre-eminently successful. 
I thought myself the discussion would have lasted another meeting 
or two, therefore my notes have not been type-written to-night, as 
I see the custom is at these meetings; and while I am on this 
subject I might say that, since this practice is becoming so much ill 
vogue, we might all enjoy the proceedings just as well sitting at 
home by our own firesides. I think it ought to be discouraged 
altogether-this practice of preparing type-written statements. I 
think the element of interest in our meetings is a personal one. 
We like to see a man getting up on his hind legs, even if. he makes 
a fool of himself occasionally. Further, in connection with this 
personal explanation, I should say that before writing my paper I 
had been asked by the Commission on Miner's Phthisis to give 
evidence. I did so. I was also present on several occasions when 
the Commission made experiments, to which, naturally, I could 
make no reference in my paper, and to which, seeing their report 
is not yet published, I can make no reference to-night. I approached 
1\1r Weldon, the chairman of the Commission, and asked him if he 
had any objection to my writing this paper on "Miner's Phthisis," 
and he indicated the lines on which I might safely go, and these 
lines I followed. Perhaps that will account for the jaunty air with 
which I put up one popinjay to knock it down again, and also for 
some of the statements I made in my paper which I do not myself 
believe in. I will again recall to your memory that in my opening 
statement I said the paper was intended to promote discussion, and 
I think it would have been a shame for a society such as ours to have 
allowed an important subject like this to have passed without 
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Mz"ner's Phthzsz"s' 

discussion. I came to these fields only two years ago and I am 
only indirectly connected with mining, but this subject of miner's 
phthisis I have taken an interest in ever since it was first discussed. 
It might be interesting at this stage to state how we came to take 
the interest in our fellow-men, i.e. the miners, which we are 'now 
taking. Most of you before the war were too busy making money 
to give time for the consideration of this important subject. All 
the same, it is a most laudable thing, a most laudable object, 
and I think if the best parts of the discussions we have 
had on this subject are taken out and remembered, and the 
trivial parts are left on one side, nothing but good can result, 
as some very important facts indeed have been placed on record, 
and I will be very much mistaken if these facts are not taken 
account of by the Commission ..yhich has nearly finished its official 
labours. I am pleased to see one member of the Commission here 
to-night, and although I do not think anything I can say will 
add much to the information the Commission has already received, 
perhaps I may fire off some stray shot that may be of interest. 
One important thing remember is how this question arose, how it 
came into existence. Miner's phthisis is a specific disease, but we 
have been accust,omed to use the term on these fields as a descrip
tion of something to account for the collective mortality which' has 
only been noticed so much during the war. I do not think there 
is any doubt on this subject. Dr Pakes has spoken very well to 
the point. He has defined miner's phthisis, and he seems to 
think we were wandering somewhat from the point, and so we are 
in a sense. In its popular sense miner's phthisis is the name given 
to the collective mortality among the miners on these fields, and 
bearing this in view we must take every possible consideration into 
account, noxious gases, the clothing of the men, the efi'ect of mine 
ventilation, sanitation, and various other things, many of which it is 
quite true have absolutely nothing to do with miner's phthisis as a 
specific complaint, but still we cannot get away froll1 the fact that 
they have a very pronounced influence on the vitality of the miner. 
That is the important point, and one we cannot get a\\'ay from. I 
have mentioned these few facts as a preliminary to my reply, but 
going through the discussion very carefully I find I have touched 
on nearly every point. At any rate the only point I have not 
touched on in my paper is that of lashing. Mr Yates has drawn my 
attention to it, and the omission was an omission on my part. 
Now, I mentioned a few moments ago that I have said several 
things ill my paper which I do not believe ill, and this being so it 
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Resp£rators 

is duly fair now to say what I 9.0 believe in. One of these was a 
sentence which has been seized upon by more than one, and which 
was a remark made by Mr Hennen Jennings some months ago. I 
cannot lay my hand on the actual sentence, but it was.to the effect 
-whether is it worse to work in sopping clothes than to inhale the 
dust. One or two critics have drawn my attentio~ to the fact that 
I have not been aware of Mr Britten's arrangement at the 'Volhuter 
Mine. 'Vhen I made this remark J had seen Mr Britten's arrange-

. ment several times. I don't think, however, that nir Britten's is 
the only scheme tried on these fields. There are, in fact, many 
others, but I question if there is a better, and I believe the general 
use of Mr Britten's appliance throughout these fields would be an 
absolute preventive of miner's phthisis as a sper,ific disease. I have 
weighed my words very carefully and have made inquiries from 
people who are much more capable of speaking with authority than 
I am, and that is the universal opinion. I wrote this sentence 
especially for the purpose uf drawing a discussion upon the point. 
I will now proceed to take up a few of the points in detail. At the 
first meeting, after my paper was read, Mr Yates draws attention to 
the somewhat peculiar appearance the men would have when wear
ing these masks, pointing out also that their movements would be 
seriously hampered and their temper ruffled. I have no doubt it 
would be following the process of Kilkenny cats had this discussion 
proceeded further, and that ultimately I should have had nothing 
left to answer. At the last meeting Dr Aymard took up this very 
point, and from the fact that Dr Aymard's idea has been so success
fully carried out in the French Rand mines, and that miners have 
come forward voluntarily to testify to its efficiency, is, I think, 
the best proof of its practicability. I have not seen the actual 
appliance working, but Dr Aymard appeared in his mask 
before the Commission and showed us its practicability. I was 
much struck with the idea, but this mask has the same objections 
to those things which \':e put over our noses. They become stuffy 
after a little time, but as the pressure is from inwards-outwards 
the dust is prevented from getting into a man's mouth or nostrils. 
Dr· Aymard followed Mr Yates and differed from me in saying it 
could only have a limited application. Well, I have pointed out 
that I do not think it can be used by any other persons than rock
drillers, and further, I would remark that if a serious endeavour is 
to be made to minimise the effects of miner's phthisis, brought 
about by the inhalation of dust, the only way to do it is to legislate 
and see that miners are compelled to drag up this gallon or two of 
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268 Noxious Gases in Mines 

water to the elevation required. I have been in raises for over two 
hours seeing Mr Britten's arrangement at work, and I must say 
that in these raises it worked admirably. There was no dust 
worth speaking about, and the boy and not the miner brought up 
the water. 

I come next to the question of oil in compressed air. It is, no 
doubt, a very difficult problem indeed to trap oil from compressed 
air. It is carried to inconceivable distances. We have sometimes 
carried it three miles, and even there we find plenty of oil ill the 
pipes, and no amount of trapping will entirely remove it. But it 
has still to be proved that the presence of oil, as oil, does anyone 
any harm. It is quite another thing when oil becomes resolved 
into gaseous products. I next come to the points raised by Mr 
Heymann. He started off very modestly with the statement that 
Mr Cullen is at fault in many of his statements concerning the most 
vital issues. I have read Mr Heymann's criticism very carefully, 
and I do not think we differ so very much from one another. If 
he will read my paper equally carefully, he will find he has merely 
turned some of my statements upside down. One should not take 
detached statemeuts from the context. Touching his remarks on 
noxious gases, I think I may take credit to myself that I was the 
first to point out the terrible danger arising from the inhalation of 
these noxious gases, and I did all that I could do when giving 
evidence before the Commission to concentrate their attention on 
this matter. If my paper is read carefully, at the end you will 
find I have not only put a good deal of stress upon the harmful 
effects of these gases, but I have actually cited several cases which 
resulted fatally. Then be remarks, "There are, according to the 
author, three methods of attacking the dust problem." What I did 
say was that three methods had been tried in the past. Later on, 
Mr Heymann gives us one piece of useful information, namely, that 
the dust does not fly about the mines in pound pieces. Strange to 
say, I remarked that myself the last time I was down a mine. My 
statement in regard to noxious gases arising from fissures in rocks 
is also questioned. It is quite true. I cannot conceive of any 
other gas than carbonic acid gas coming from the rock, but it is also 
true that it is not safe for anyone to go down a mine which has not 
been working for a considerable time. I come now to this question 
of oil in the cylinder. Mr Heymann states that he has estimated 
the temperature of the cylinder, and that combustion does not 
necessarily take place at the combustion point of the oil. I believe 
that combustion is really a question of degree, and there are variolls 
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Carbon Monoxide and Miner's Phthisis 269 

forms of combustion. I maintain that any temperature taken in 
the manner which Mr Heymann has taken it, will not indicate 
whether a real combustion in the ordinary sense of the word, or 
partial com bustion, has taken place. In any case, we do know that 
carbon monoxide is very frequently produced, and those of you 
who read South African lvlines regularly may have noticed a very 
remarkable case where a genuine combustion did take place, 
evidently in the cy linder to start with, but it finished up right 
along the pipe line and ended in such an amount of carbon 
monoxide produced that four men succumbed to its influence. 

I have never disputed, and did not dispute, the fact that carbon 
monoxide has other effects than those which I pointed out. Carbon 
monoxide in small quantities is a most deadly gas, and, although it 
produces in small quantities no apparent results, still it must 
gradually tend to lower the vitality of the miner; therefore I say 
that carbon monoxide has no influence on miner's phthisis as a 
specific disease, and, as I have already said, I believe that the 
principal mortality must be put down to the accumulation of dust 
on the tissues. Going no further than the discussion on this 
paper, a very important point referred to by Mr Dixon will at 
once substantiate the fact that the disease can be caused solely 
through the inhalation of dust quite apart from other "side issues." 
He has shown us clearly that a certain number of men, working 
under conditions which preclude the presence of noxious gases and 
even insufficient ventilation, succumbed to a disease which every
thing would point to being miner's phthisis, or something very 
similar. It does not at all follow that because we have dust and 
plenty of it in Johannesburg that we should all be suffering from 
this disease, because if there has been one thing more clearly 
brought out than another it is this, that the peculiar nature of the 
dust formed on the Hand in rock drilling or even in lashing is more 
liable to cake and set up miner's phthisis than, say, for instance, 
coal dust. Then, again, people in Johannesburg only suffer from 
this intermittently, breathing a comparatively pure atmosphere for 
the rest of the time. The experiments which Dr Moir has made 
are, no doubt, very interesting, but I consider they are quite apart 
from the issue. Dr Moir makes very sweeping statements as to 
the gases produced from the combustion of explosives under various 
conditions, and as I happen to have a little experience in these 
matters I must say that his results are most abnormal. I cOilld cite 
cases where so-called experts carried out blasting operations in their 
Own expert manner, which could only lead to the formation of 
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270 Noxious Gases from Explosives 

noxious gases. Before the present Oommission sat at all, I myself 
conducted quite a number of experiments personally, seeing the 
holes charged as I desired, and in no single case could we get an 
indication of the formation of nitric oxides. I would go further 
than this, and say that if the explosives are handled in a proper 
manner 95 per cent. will behave in a perfectly normal manner and 
produce only those gases which theory would lead us to expect. 
Legislation is needed on this point as well as on others, and if .the 
miner is compelled to conduct his blasting according to the correct 
manner we should hear very little of noxious gases with good 
explosives. I consider it most unfair that I have been represented 
as minimising these noxious gases. Quite the contrary is the case. 
Side issues have been words put into my mouth, but I will say that, 
as far as miner's phthisis as a specific disease is concerned, noxious 
gases have only an indirect influence. 

A recommendation which I made at the end of my paper, viz. the 
proposed absorption of carbonic acid gas by caustic soda has been 
referred to by several speakers. The suggestion is not a theoretical 
one, but one that has been tried in practice, but, strange to say, 
neither the miners nor the walls were converted into stalactites. 
All the same, this was another of th08e points which I did not think 
at all practicable, and, as has been pointed out, a very simple cal
culation would show that it would take an immense amount of 
caustic soda to absorb all the carbonic acid gas produced, but this is 
not necessary, as the air blast drives these from the face along the 
workings and up the shaft. Strange to say, the clearest part of 
the atmosphere in a mine after a blast is directly at the face, and 
this holds especially good with an arrangement such as Mr 
Britten's spraying caustic soda and ammonia instead of water 
alone. 

I regret I have not been able to touch on all the points mentioned 
by the various speakers, and perhaps it is just as well, because some 
of them' are extremely trivial and quite beside the point. In the 
discussion of a serious question like this we ought to be animated 
by the best motives and try to avoid flippancy. All the same, the 
discllssion on the whole has been most interesting, and I am sure 
can only have the best results. 
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XVI 

THE REGENERATION OF vVORKING CYANIDE SOLU
TIONS, WHERE ZINC PRECIPITATION IS USED 

By ANDREW F. CROSSE (MEMBER) 

(Read at March Meetiny, 1903) 

A GREAT deal has been said in past years at our meetings concern
ing the chemistry of the cyanide process, but I am of the opinion 
that the value of correct chemical investigation and conduct of the 
whole process has never been estimated at its full value. At 
present, speaking broadly, the whole process is controlled by 
estimating the amount of potassium cyanide in solution, and adding 
the amount required to bring it up to a certain required standard of 
strength. An excess of alkali is generally present, and the excess 
has never been accurately determined. It has been stated by 
various speakers, even quite recently, that the cyanide process has 
attained to a state of perfection, and we have been informed that 
in the future we need not look to many interesting discussions in 
connection therewith. I am of the contrary opinion, and I am 
sure that there are a great many improvements possible, even in 
connection with our own comparatively simple treatment on the 
Rand. It is needless to say that the more complex ores in other 
parts of the country will give rise to complications which will need 
much research to overcome. I doubt whether any method has yet 
been published for the accurate determination of the "free" 
potassium cyanide in a working solution, containing all the im
purities found there, neither am I aware of any method that will 
give a satisfactory determination of the protective alkali present in 
such solutions. I myself (Vol. ii., p. 97) published a method for 
the determination of protective alkali, but, on further investigation, 
I must candidly confess that I am by no means satisfied with the 
results obtained. 

I have mentioned these facts merely to prove to you how much 
remains to be done in this particular field. 
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272 Formation of Potassium Cyanide 

Many of you will consider these investigations of purely scientific 
interest. I do not thillk so, for I hold that the more we find out 
as to the chemical changes which take place in our solutions, the 
more likely we are'to arrive at the most economic and profitable 
use of the process. 

Some four or five years ago it occurred to me, and I believe it 
may have occurred to many others, that the double cyanide of zinc 
and potassium, K2Zn (CN)4' could be regenerated by precipitating 
the zinc as it sulphide and recovering the cyanogen, combined with 
the zinc, in the form of an alkaline cyanide according to the equa
tion K2Zn(CN)4 + Na2S = ZnS + 2KCN + 2NaCN. I made a great 
many experiments on these lines, and found that in the cold the 
precipitation was incomplete. I therefore heated my cyanide 
solution to a' temperature of approximately 65° C., and obtained 
practically complete precipitation. 

The quantity of sodium sulphide required is determined by 
carefully estimating the zinc present in the solution, and if the value 
of the sulphide is known, all that is required is to add sufficient 
sulphide to precipitate 95 per cent. of the zinc. 

The precipitate separates out rapidly, the coagulation of the 
zinc precipitate being accelerated by the addition of a little milk of 
lime. 

The precipitate occupies but a very small proportion of the total 
. bulk of the solution, and the clear supernatant liquid can be decanted 
with the greatest ease. 

It has been stated that zinc sulphide is soluble in potassium 
cyanide. This is scientifically correct, but the amount left in solu
tion after using the above process is so small, and so easily got rid 
of by atmospheric oxidation, that it has no practical value. 

The complete scientific explanation of many reactions which we 
find on investigating cyanogen and its compounds in diluted solu
tion, can only be fully explained by the aid of the most modern 
theories of dissociation; our old-fashioned chemical equations are 
quite incapable of illustrating the reactions which take place in 
dilute solutions. 

The continuous use of an alkaline sulphide would be open to some 
objection, owing to the slight but continual increase of caustic 
alkali, formed by the decomposition of potassium zincate (K2Zn02). 

K 2Zn02+ Na2S+ 2H20= 2KOH + 2NaOH+ ZnS. 

In order to prevent this I collect the precipitated sulphide in a 
filter press and use it to generate sulphuretted hydrogen. 
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Extraction with Potassiul1t Zinc Cyanide 273 

The action of sulphuretted hydrogen on the solution is as under :

K2Zn(CN)4 +H2S = ZnS + 2KCN + 2HCN. 
HCN + KOH = KCN + H20. 

The whole process has to be guided by simple chemical analysis, 
thereby maintaining the free caustic alkali in solution at any fixed 
percentage. 

The process of regenerating the sulphide used also enables me 
to recover any small quantity of silver sulphide precipitated with 
the zinc. This quantity, however, would not be very large, as the 
regeneration of the cyanide working solution would only take place 
after the solution had passed through the extractor box. Sodium 
sulphide has no action on the auro-potassic cyanide KAu(CN)2. 

1. am well aware that a solution of pure K2Zn(CN)4 will dissolve 
gold very readily, but, in my opinion, this is due solely to the 
cyanogen in the "KCN" molecule; the complex molecule 
K2Zn(CN)4 being partly dissociated in dilute solution into KCN 
and Zn(CN)2. The latter molecule, being in a meta-ionic state, 
cannot have any value as a gold solvent. 

I had plenty of time for making experiments when I first returned 
to Johannesburg during the war. Mr Macfarlane, the General 
Manager of the City and Suburban G.M. Co., was kind enough to 
supply me with plenty of solution, and also a large quantity of 
spitzluken concentrates. The solution contained no '~free KCN, all 
the cyanide being in the form of the zinc potassium salt, K2Zn(CN)4. 
I obtained a very satisfactory extraction with the solution, but the 
subsequent precipitation was most unsatisfactory; under definite 
conditions the extraction being 83·4 per cent., the precipitation 
only 36 per cent., which would give a total extraction of 30 per 
cent. 

I regeneraterl the solution as above, and obtained, under identical 
conditions, an extraction of 91·7 per cent. on a precipitation of 96·2 
per cent.; total, 88·2 per cent. 

Of course no cyanide manager would have used a solution in 
such a condition: he would have improved it by adding cyanide. 
I arrived at an even more satisfactory state of things without the 
addition of any cyanide. Within the last month I have confirmed 
my laboratory results by treating solution by the ton, pumped 
direct from the cyanide sumps. 

The general results of my investigations in connection with 
working cyanide solutions has led me to believe that we can aim at 
obtaining a working solution of normal constitution and strength, 
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274 Est£matz'on of Z£nc z'n Cyanide Solutions 

and regulate its composition from time to time so as to obtain the 
best results, both as regards solution and precipitation of the gold, 
with a minimum expenditure of cyanide. I will not say "cyanide 
of potassium," as in the near future we shall probably use the 
cheaper and more Gommon element, sodium, to form an alkaline 
cyanide. 

The method used in my laboratory for the determination of zinc 
in working cyanide solutions is a modification of that described on 
page 338 of the last edition of Mohr's" Volumetric Analyses." 

The solutions required are :-

-to iodine. 
i"o sodium thiosulphate. 
5 per cent. sodium sulphide. 

Method: 10.0. c.c. working solution is heated to about 70.° C. and 
an excess of sodium sulphide added. The preparation is allowed to 
settle, filtered off and well washed on the filter wit.h hot water, the 
washing is continued until the wash water shows no trace of 
sulphide, the filter paper is then transferred to a small 150. c.c. 
flask. 

The flask is filled with a rubber cork having two holes bored in 
it, through one passes a drip funnel with tap, and through the 
other a short piece of glass tube, terminating in a small length of 
rubber tubing, a pinch cock is attached to the latter. Sufficient 

'{'o iodine is then run into the flask to leave an excess of not more 
than 5 c.c. (30.-35 C.c. (0 1. is usually sufficient). The cork is 
replaced and about 10.0. c.c. very dilute hydrochloric acid placed in 
the funnel. The tap is opened, and on pressing the pinch cock air 
escapes and the dilute acid takes its place. The taps are then 
closed and the whole apparatus shaken to thoroughly break up the 
filter paper. After a few minutes standing the contents of the 
flask are titrated with -{o sodium thiosulphate and the excess of 
iodine determined. 

If X = No. of c. c. -to iodine taken 
Y = No. of C.c. 1~ sodium thiosulphate. 

(X-Y) '0.0.325 = grammes zinc per cent. 

The reactions are as under :-

ZnS + 2HCI = ZnCl2 + H2S. 
H2S+12 = 2lHI+ S.; 

The method is rapid of execution and capable of great accuracy. 
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Desulphurising Alkaline Solutions 275 

In regard to the determination of protective alkali, my assistant, 
1\1r G. W. Williams, and myself have spent a great deal of time in 
investigating various methods of the determination of protective 
alkali in working cyanide solution, and we intend, in the near 
future, to read a paper on this subject. I do not by any means 
consider our work as final, and I am of the opinion that the matter 
requires further investigation. Anyhow, the paper' will no doubt 
give rise to some discussion. 

I may mention that I have obtained full patent rights in this 
Colony for my process of regenerating cyanide solutions. 

DISCUSSION AT JUNE MEETING, 1903 

MrJ. Watson-The Eastern nations of this world have for 
long ages had a proverb which says, "There is nothing new under 
the sun." 

As I listened at the March meeting to Mr Crosse's valuable con
tribution, and heard him discourse on sodium sulphide and on the 
zincates of potassium and sodium, my memory was carried back to 
the days eleven to fifteen years ago, when it was part of my daily 
work'to sample and test the working of Messrs Parnell & Simpson's 
method for desulphurising alkaline solutions. 

For regenerating cyanide solutions iVIr Crosse's method is no 
doubt new, and I wish him every success with it. Still I cannot 
help regarding his -method as a converse application of the older 
Parnell & Simpson's patented process. When I say this, I do not 
mean to imply or even suggest that our respected senior Past 
President has copied his method from that of Messrs Parnell & 
Simpson. So far as I know, Mr Crosse may never have heard of 
these gentlemen or their method. It was part of my lot from 1887 
to 1892, as head chemist in the caustic soda department of Messrs 
Allhusen's works at Newcastle-on-Tyne, to watch the working of 
the Parnell & Simpson process, which I will briefly describe. 

Previous, to 1880 letters patented were granted to Messrs 
Parnell & Simpson for their invention, which consists in adding a 
solution of zincate of soda to alkaline solutions containing sulphides 
as impurities. 

With sodium sulphide the following represents the reaction: 
Na2S + Na2Zn02 + H20 = ZnS + 4NaOH. 

In practice, plates of spelter, or of "zinc dross," are dissolved in 
a heated solution of caustic soda, rapid evolution of hydrogen taking 
place. The zincate of soda wlution is run into the causti(;iser, 
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276 Removal of Zinc from Cyanide Solutions 

during the causticising operation, the liquid contents being brought 
up to the boiling point by injecting steam, and the zinc sulphide 
precipitate is carried down by the more bulky precipitate of calcium 
carbonate, resulting from the ,main reaction: N a2COa + CaO + 
H 20 = 2N aOH + CaCOa• 

It was only after the adoption of Messrs Parnell & Simpson's 
method that the Greenbank Alkali Co. of St Helens were able to turn 
out their so-called 98 per cent. caustic soda; the ·Widner Alkali Co., 
and other firms their 76 per cent., and Allhusen's their 77 per cent. 
caustic. 

Messrs Parnell & Simpson's method has been in use on a large 
manufacturing scale for at least seventeen years, and some thousands 
of tons per week of caustic soda has been produced by its aid of a 
strength unattainable before its introduction. 

A royalty of Is. per ton of caustic soda, on a basis of 60 per 
cent. strength, was payable to the patentees. 

To summarise these remarks, Mr Crosse regenerates solutions of 
duuble cyanide of zinc and potassium or (sodium), by the addition 
of sodium sulphide; whereas Messrs Parnell & Simpson de
sulphurise soda solutions by the addition of zincate of soda, zinc 
sulphide being precipitated in both cases, and an increased quantity 
of sodium (or potassium) hydrate being formed 

I fear I have wandered away somewhat from the cyanide process, 
and have gone rather fully into the manufacture of caustic soda; 
but I trust Mr Crosse will pardon this comparison, which I do not 
mean to be either odious or caustic. 

l'vIr A.Whitby-In offering a few remarks on Mr Crosse's paper, 
I find myself more able to discuss the subject, by reason of the fact 
that much of the ground has been covered by myself. 

In the early months of 1899 I made a number of experiments to 
establish the feasibility of what se.emed to be the only method of 
removing zinc from the solution, viz. precipitation as sulphide. 

N ow, although I found that precipitation was practically 
complete with a solution of sodium sulphide, the reaction 
became inadmissible under practical working condit,ions on account 
of the increased alkalinity of the regenerated solution. The next 
step taken, precipitation by means of sulphuretted hydrogen relying 
on the ordinary amount of alkali present to assist in the decomposi
tion, utterly failed to give good results. 

Mr Crosse states that" the old-fashioned chemical equations are 
quite incapable of illustrating the reactions taking place on dilute 
solutions." I entirely agree, but at the same time would suggest 
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Equilibrium of Zinc in Cyanide Solutions 277 

alternative reactions to his to represent the changes accomplished. 
I should write the equations as under ;-

K2Zn(CN)4 + 4N aOH = K 2Zn02 + 4NaCN + 2H20. 
. K2Zn02 + H2S = ZnS + 2KHO. 

And, again, it must be assumed that K 2Zn02 requires an excess 
of alkali to retain it in solution. In fact, the whole change requires 
for complete accomplishment very much more alkali than the 
amount represented by equations, and this excess of alkali is even 
more harmful, to my thinking, than the presence of zinc. The 
whole of my experiments go to prove that in no way can you pre
cipitate zinc as sulphide from solutions of the double cyanide of zinc 
by sulphuretted hydrogen without having an unworkable excess of 
alkali. That there is a very considerable regeneration of cyanide 
is directly provable, but whether this is going to balance the 
increased alkalinity is to be doubted. The regenerated solution 
when passed again through the box will take up probably more zinc 
iu its first passage than has been removed. 

My experiments again show that it is hardly practicable to pre
cipitate partially with sulphuretted hydrogen even in excess of alkali, 
but the gas lliUSt be passed to satu~ation whether heat be used or not. 

It is to be regretted that Mr Crosse has not brought forward 
designs of the plant he purposes to lise. It will be interesting to 
know how he proposes to economically heat 400 tons of solution, 
say to 65° C., and pass sulphuretted hydrogen effectively through 
such a huge bulk. 

I am inclined to imagine that the neighbourhood of that sump 
would not be'altogether healthy. 

Personally, I think that the zinc in solution attains an equilibrium 
under ordinary working conditions on the Rand, and does not tend 
to increase or dimiuish much in amount nor make much appreciable 
difference in our extractions. Since, then, it does not accumulate 
in the solution, it may be playing a useful but unrecognised part in 
the process, so unless good cause can be shown for its removal it 
seems a mistake to disturb working conditions. We understand, 
even now, so little about the reactions in the vat that it appears 
quite reasonable to argue that, since zinc does not accumulate to an 
unworkable degree in the solutions, some at least of it is removed 
in the complex reactions of the vat. 

Mr H. T. Durant (contributed)-The following points may be of 
interest when taken in conjunction wit h Mr Crosse's valuable 
paper ;-
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Determination of Zinc 

I find that in 1889 J. S. MacArthur obtained the following 
patent :-

"Improvements in obtaining cyanide from residuary liquors 
formed in chemical process."-English Patent 3072, February 21, 
1889. 

Feldtmann, in his" Notes on Gold Extraction," gives the following 
equation :-

K2Zn(CN)4 + K2S = ZnS + 4KCN. 

James, in a paper read before the Institution of Mining and 
Metallurgy, October 20, 1897, recommends the use of sodium 
sulphide, and gives data showing the benefit arising from its 
use. 

DISCUSSION AT JULY 1IIEETING, 1903 

Dr J. Moir-On re~ding Mr Crosse's paper it struck me that 
the method which he employs for determining zinc in working 
solutions is theoretically unsound, inasmuch as he titrates with 
sodium thiosulphate in presence of acid. I have tried some ex
periments to test this. 10 c.c. of 10 iodine, which required exactly 
10 c.c. of sodium thiosulphate to destroy it in neutral solution, 
were mixed with ·5 gramme zinc chloride and 20 c.c. of dilute 
hydrochloric acid, and then titrated with sodium thiosulphate, the 
operation lasting four and a half minutes. The quantity used 9·68 
cc.-an error of 3·2 per cent. 

On repeating the experiment, but taking seven minutes for the 
titration, the quantity used was 9·53 c.c.-an error of 4·7 per cent. 

The cause of this error is easily seen if we compare the equations 
for the action of thiosulphate on iodine in neutral and in acid 
solutions. 

(1) 2Na2S20a+I=Na2S406+2NaI 
(2) Na2S20 a + 12 + Hp = H2S04 + 2NaI + S 

In the second case only half the normal amount of sodium thio
sulphate would be required; hence it is seen that in seven minutes 
about 10 per cent. of the thiosulphuric acid has decomposed. 

DISCUSSION AT SEPTEJlIBElt EXTRA JlIEETING, 1903 

Mr A. Heymann-Mr Crosse states, in the course of his paper, 
that the method for. determination of zinc in a working cyanide 
solution used in his laboratory is a modification of that described 
on page 338 of the last edition of Mohr's" Volumetric Analyses." 

Unfortunately, I have not got the last edition of Mohr's book in 
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Determination of Zinc 279 

my possession, therefore I am unable to discover what particular 
part of the zinc determination, as described by Mr Crosse, he claims to 
be his own modification-whether it is the precipitation of the zinc with 
Na2S, or the titration with iodine and sodium thiosulphate solutions. 

Mr Crosse, however, on claiming this as his own particular 
modification, is evidently not aware of the fact that a certain 
Russian professor of chemistry, N. Klobukow, published in the 
Russian Chemical News, as far back as 1861-and.the same article 
was re-pu blished in the German Chemical Society's Journal (18-1861)
the following; "That when substances yield sulphuretted hydrogen, 
SUlphur and sulphur dioxide as products of decomposition on treat
ment with hydrochloric acid, these decomposition products can then 
be quantitatively determined by titration with standard iodine solu
tion." Professor Klobukow did not, however, make any special 
mention of any determinations of zinc compounds, but, as is easily 
seen, the above statement includes zinc as well as other sulphides. 

A little further research revealed the fact that a German 
chemist, P. Berg, in the" Annals of Analytical Chemistry" (25, 23), 
described a method for zinc determination which happens to be 
exactly the same in principle as that of Mr Crosse, viz. precipit.ation 
of the zinc as zinc sulphide, addition of hydrochloric acid, and then 
iodometric determination. Now, considering that this method of 
zinc determination was known and published as far back as forty 
years ago, I do not think Mr Crosse would be justified in claiming 
it as his own, and I am sure would be the last to do so. 

But leaving aside as to whose modification it really is, let us see 
what is its practicability and advantages (if any) over other methods, 
of which there are so many. Our wants here may be briefly stated 
thus ;-

(1) As accurate a determination of the zinc as is possible to the 
second or even third place of decimals. 

(2) This process to be carried out in the least possible time. 
(3) Its simplicity to be as great as possible, and the chances of 

error as little as possible, so that it can be used on all those mines 
which are not so fortunate as to possess a laboratory fitted with 
every experimental convenience. As comparative tests I have 
chosen ;-

(1) The Galetti-Fahlberg's method-viz; After evaporating a cer
tain quantity of cyanide solution, titrating it in all acid solution with 
standard potassiumferrocyanide, using uranium acetate as indicator. 

(2) Mohr's method: Precipitating the zinc as zinc sulphide, and 
after washing the precipitate, placing it in a fla~k containing a feqic 
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De'termination 0.1 Zinc 

salt in solution, adding dilute sulphuric acid, and afterwards titr~1t
ing the ferrous salt formed by the action of slliphuretted hydrogen 
with standard potassium permanganate. 

The solutions I used in my experiments were :-
(1) A solution containing a weighed quantity of zinc, and (2) an 

actual working cyanide solution. 
The method with potassium ferrocyanide titration I consider to 

be the least applicable, especially because of the time it occupies in 
evaporation. The choice, therefore, remains between the iodiue and 
potassium permanganate methods, the latter of which I would 
strongly advocate, for the following reasons :-

(1) We must know approximately the quantity of zinc present in 
the solution, so as to know how much of the iodine to run in to 
have a slight excess, which is very essential. ~V{ e cannot take as 
a guide~ Mr Crosse's statement that 30 to 35 C.c. of -to iodine 
would be sufficient if 100 C.c. of solution were originally taken. 
The amount of zinc in the cyanide solutions naturally varies on 
every mine, and even at the same mine in every different solution; 
therefore the only way to know even approximately the amount of 
zinc present in any given solution is to make a preliminary test, 
which means loss of time. 

(2) To carry out the iodometric method we have to deal with two 
vel'y unstable solutions, viz. the -to iodine and -to thiosulphate; 
consequently they require constant standardising - another 
drawback. 

(3) No timemnst be lost when titrating back with the sodium 
thiosulphate; as a matter of fact it has to be carried out within a 
couple of minutes, else-the solution being an acid one-decomposi
tion of the sodium thiosulphate would take place, and the amount of 
zinc found would be too high; this is a very important fact, which 
Mr Crosse, for some reason or other, did not mention in his paper. 

(4). On the other hand, if precautions were taken against the 
decomposition of the sodium thiosulphate we might get results which 
would be too low: in about twelve experiments, when working with 
a known quantity of zinc, I did not get two results to agree, the 
variations being between 1 ~ per cent. to 2~ per cen t. lower than the 
actual zinc present. 

Looking at the matter from every point of view, I consider this 
method, when car;'ied out exactly as Mr Crosse described, apart from 
being an insufficiently correct one, too complicated to be worked 
on a mine without. a proper laboratory, or, at least, every con
venience at hand to rectify errors which might arise. 
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Working with Foul Solutions 

On the other hand, by the permanganate method I have obtained 
exact results in every instance. N or does the quantity of zinc in the 
solution required to be approximately known previous to titration; 
hence'less time is required for the determination; you have simply 
to put in an excess of a soluble ferric salt, and this need not be 
measured, weighed, or previously titrated, as is the case with iodine. 
Into this drop the freshly precipitated zinc sulphide, pass into it 
dilute sulphuric acid, shake well and let it stand for about half an 
hour. The equation would be as follows :-

ZnS + Fe20 3 = 2FeO + ZnO + S. 

Then titrate the" ferrous" mIt thus formed with a solution of per
manganate of potash which has been previously standardised with 
iron-an operation easily and quickly performed. 

As ferric oxide, ]'e20 3, gives up only 1 equivalent of oxygen to 
zinc, therefore 2 equivalents of iron = 1 zinc, or 55·88 iron = 32·44 

3')·44 
zinc, or Zn = Fe5;.1:\8 = Fe·5809, and' therefore to calculate the 

results (or zinc we have only to multiply the amount of iron found 
by ·5809. 

This method is easy, quick and correct. 
Mr T. L. Carter--In connection with this, I should like to 

mention a problem that almost every cyanide manager on the Rand 
had to face on the re-starting of the mines after the late war. Most 
·of the mines closed down on shor~ notice. Consequently the 
solutions in the cyanide works were left in different parts of the 
plant, some on the tailings, some in the zinc boxes and some in 
the sumps. 

On their return the cyanide managers found all the solutions in 
a very foul state, especially the solution that had remained from 
eighteen months to two years in the concentrates tanks, in contact 
with concentrates. How to deal with this foul solution puzzled 
many. In one case I know of the foul solution was [Jassed through 
the boxes in the ordinary way, bllt little gold was precipitated. 
The addition of potassium cyanide to bring it up to the required 
strengths was resorted to on several plants, while on others the 
cyanide managers got as much gold from the solution as possible 
and then gradually got rid of the foul stuff. 

I should like to know if Mr Crosse had to deal with this problem; 
if he had to restart a cyanide plant with 400 or 500 tons of very 
foul solution fairly high In gold. If so, maybe he will be good 
enough to give us at a future meeting, when he replies to the 
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Granting of Patent 

discussion on his paper, his method of procedure. Did he find the 
scheme he describes-which, theoretically, seems very sound-work 
well when. dealing with foul solutions on a big scale, or is the 
paper a descripti.on of the regeneration of laboratory samples ~ . 

It is to be hoped that the mining industry will never again be 
brought to a standstill by a war. However, a record of how the 
solutions at the cyanide works were dealt with after the chemical 
reactions of two years would, I am sure, prove an interesting and 
valuable page in our proceeaings. 

Mr J. R. Williams-I am not rising to criticise Mr Crosse's 
paper to-night, but to ask him to assure us that his application 
never came before the Patents Committee of the Witwatersrand. 
My reason for asking Mr Crosse to do this is that in the past we, 
as a Society, have been accused of assisting each other to the 
detriment of others, and as this Rociety numbers not less than half 
the members of the Patents Committee, perhaps Mr Crosse will 
see my reason for asking this question. I raised the matter to 
prove to people who read the scientific press of the world that the 
members of the Chemical, Metallurgical and Mining Society are not 
trying to help each other to the disadvantage of the rest of the 
public. If Mr Crosse has got a patent I do not say he is entitled to 
it or that he is not entitled to it, but the Patents Committee are 
not responsible for the granting or otherwise of that patent. 

Mr A. F. Crosse - I have much pleasure in answering Mr 
Williams at once. I am one of the most regular attendants of the' 
Patents Committee, and I can say this: my application for a patent 
never came before the Patents Committee. The first thing I knew 
about it was that I received a note from the agents of the Govern
ment to say that a patent had been granted me. I was absolutely 
surprised. The Patents Committee had nothing to do with it at 
all. We never heard about it, and it never came up in any shape 
or form, so that I can personally well answer the question. 

Mr F. Alexander-I think the thanks of all cyanide managers 
are due to Mr Crosse for attempting, if he has not completed, his 
method of purifying our solutions. It is, to my mind, a most 
laudable attempt to do so. I think his paper will probably bring 
chemists out of their shells in the way of improving the principle of 
purifying our solutions, which I may say is very necessary indeed 
on these fields. I remember th.e time when our gold slimes always 
yielded something over 30 per cent. These times seem to have 
passed away. The value of our precipitates have gradually 
deteriorated. I think at the present time they may be estimated 
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Gold t"n Zt"nc-Gold Sl£mes 

at 35 per cent., and that this is due to foul solution. If Mr Crosse 
has done no more than stir up the matter of the regeneration of 
solutions, he has advanced one step in the right direction, and I 
think it is most necessary that this matter should be thoroughly 
thrashed out. 

A Member-I should like Mr Alexander to tell us what he 
means by slimes being 25 per cent. Does he mean gold slimes ~ 

Mr F. Alexander-I mean gold slimes precipitates. 
Mr R. E. Hall-When I went away from here 'before the war I 

was obtaining as good precipitation and rather better from my 
solutions. When I started after the war, I took the" bull by the 
horns" and started with fresh water and fresh cyanide, and, accord
ing to your arguments, I was in a better position, and ought to 
have had better precipitation in the boxes, but it was no better 
than when I left. I think the richness of the gold slimes in the 
zinc boxes is due to a considerable extent to the richness of the 
tailings. 

Mr W. A. Caldecott-I have much pleasure in endorsing Mr 
Alexander's remarks regarding the credit due Mr Crosse for his 
efforts to improve the conditions of our working cyanide solutions. 
With reference, however, to the reasons for the percentage of gold 
in zinc-gold slimes having decreased in late years, I am inclined to 
consider this as largely due to the tendency which has been mani
fested, ever since the introduction of the cyanide process, to 
continually decrease the strength of working sulutions. With 
weaker solutions zinc hydrate and other zinc compounds dissolve 
less completely, and, hence, increase the weight of zinc-gold slimes 
cleaned up, whilst proportionately decreasing their percentage 
value. Further, the use of the lead-zinc couple naturally yields 
lower grade slimes than ordinary zinc shavings, from the additional 
finely divided lead present, and the use of lead salts in some plants 
in the solutions used for dissolving the gold, also tends to intro
duce still more metallic lead into the zinc-gold slimes. 

Mr J. R Williams-Mr Hall and Mr Alexander have spoken of 
pre-war times. Only a very little before then we started with our 
slimes plants with the result that they carried a large amount of 
sulphate of lime. Would that account for the difference in value of 
gold slimes ~ I offer it as a suggestion. 

Mr R. E. Hall-You have not got the bulk of the gold in the 
slimes but on the zinc. 

The President-I think they must have or they wonld not get 
the gold. 
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284 Difficulties of the Cyanide Process 

Mr M. Torrente-Referrillg to Mr Alexander's statement, I can 
relate an experience of my own. I have built a new slimes plant 
to treat accumulated slimes at the Crown Reef. AlLhough these 
slimes have been deposited in the dams for the last seven years, I 
find that, taking a section from the top to the bottom of the slime, 
the top layer is oxidised, the centre is undergoing decomposition, 
and the bottom is as blue as the day it came from the battery. 
The plant has been finished and working for some time, and I 
confess it has occasioned me the greatest trouble I have experienced 
in the last ten years. I managed to dissolve the gold but could not 
obtain satisfactory precipitation, the solutions often leaving the four 
zinc precipitation boxes as rich, and even richer, than they went in. 
I tried every possible means to remedy this state of affairs but with
out avail. You can imagine what my feelings were at the time j 

to be beaten like that is annoying. However, I installed two 
electrical boxes at the end of the four zinc boxes. Very funny 
things took place in these electrical boxes when they started work
ing. I found floating on the top of the solution spongy zinc 
carrying a very high percentage of gold, also some lead, iron and 
organic matter. 

My first clean-up from this plant was rather bulky and must have 
weighed about 11 tons. 

I was greatly disappointed at the results, which were most 
unsatisfactory j in fact, they were very poor indeed when compared 
with the bullion expected. The difficulties were due, in my opinion, 
to the great amount of ferrous salts and sulphate of lime present in 
the solution. 

These salts I consider ·amongst the worst enemies of the cyanide 
man. After consultation with my friend, Mr Crosse, I decided to 
try the addition of carbonate of soda to the ore charges. This has 
been most successful so far, but it is rather early yet to say that 
the beneficial effect is permanent j anyway, up to date the treatment 
agreed upon between Mr Crosse and myself seems to give very good 
results. 

At last month's clean-up I felt very anxious when I saw the very 
small quantity of zinc-gold slimes obtained. There could not have 
been more than one-third the bulk of the previous clean-up, but I 
am pleased to say that not only did I get all the gold I expected 
but my solutions are now leaving the boxes about 4 grains only. 

Mr C. H. Pead-l think the first indication of anything going 
wrong appears in the precipitation boxes. I have made a lot of 
experiments and have had a lot of consultations with such men as I 
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St7'-ength of Solution and Gold in Slimes 285 

could meet, and I came to the conclusion that bad results are due 
entirely to contamination of solutions. The chief contaminating 
factors are ferrocyanide of zinc and calcium compounds. I have 
had an experience brought to my mind by l'vlr Caldecott's remarks 
with regard to the strength of solution having a direct effect 
upon the amount of gold present in the golu slimes. I do not 
know quite what the general strength is on the Rand because I 
know how continually it has been reduced, but my strength of 
solution is from 0'23 to 0'25, and my gold slimes, after calcination, 
give from 45 to 55 per cent. gold. Whether this is due to the extra 
0'05 per cent. over the 0'20 per cent., as some people use, I do not 
know, but I think it is due entirely to the condition in which the 
solution is at the time, and my experience is that with the same 
strength of solution when the solution becomes contaminated the 
percentage of gold slimes falls as low as 27 per cent. To refer to 
some earlier remarks made this evening with .regard to solutions, a 
great many of my solutions after the war were heavily contaminated 
with all sorts of things. I found in some cases the solutions were 
quite acid. I simply increased the acid with a little fresh acid and 
precipitated the gold on zinc, and in every case except two I got 
very satisfactory results. I have the figures of these operations, 
and shall be pleased to lay them before the Society if they are of 
any value. There were' fifteen or twenty separate solutions. In 
two cases I could not get the precipitation. I tried every way with 
acid, but found they were beyond me entirely. I referred them to 
Mr Crosse, who found a method by which he could get it done, but 
I think it was commercially unprofitable. 

Mr P. S. Tavener-Had Mr Pead a slimes plant he would have 
found a considerable difference. I suggest that the very best 
method for the regeneration of cyanide solution is the introduction 
of a sllmes plant. The slimes plant introduces for every ton of 
ore crushed a quarter of a ton of fresh water every day, so that I 
think a very satisfactory regeneration of our solntion is obtained. 

Mr J. R. Williams-It does not matter if you work for a week or 
seven years. I quite agree with you. 

Mr P. S. Tavener-Every gallon of solutio~ we have in our plant 
on Monday morning is all discharged the next Monday morning as 
moisture to the residue dump. 

Mr J. R. Williams-Exactly my seven days, Mr Tavener. 
The President-In regard to the matter Mr Pead has brought 

up, namely, the acid of his cyanide solution, did I understand him 
to say he had treated acid solution with more acid? 
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286 Purification of Working Solutions 

Mr C. H. Pead-I am afraid I did not express myself very clearly. 
I added acid to an acid solution to precipitate gold and also added 
acid to cyanide solntion to precipitate ferrocyanide of zinc. 

The President-I should like to make a statement with reference 
to adding acid to cyanide solution. Some time ago, before the war, 
I was called upon to investigate the reason why the precipitation 
was not good at a certain mine. They had 25 dwts. coming out of 
the foot of the box, and it was mostly due to the alkalinity of the 
solution, and one of the remedies which I used was to add acid. 

Mr H. H. Morrell-There is one little thing I should like to 
mention with reference to solution standing in the tanks. Some old 
solution was left in the tauks on the Durban Deep. Two and a 
half years afterwards, when I came back, I ran the solution through 
zinc boxes and I got the gold out. The only thing I did was simply 
to use as much air as I possibly could, and I did not run a single 
gallon of solution to waste. In reference to the gold slimes on the 
Geldenhuis Deep while I was there, before we had the slimes plant 
it was 68 per cent. j after the slimes plant started, 30 per cent. gold 
contents. 

Mr F. Alexander-I think it all points to the fact that our solu
tions want purifying. I think on most of the mines where there are 
low gold precipitates it is decidedly due to impurities in the gold 
slimes. In myown experience I have been able to obtain precipitates 
from the Ferreira Deep Cyanide vYorks equal to 40 per ceut. in 
gold, but the average is more like 15 or 20 per cent. when the high 
value of gold precipitation was obtained j my solutions were ap
parently in their best condition and contained little or no 
impurities. 

DISCUSSION AT SEPTEMBER lIIEETING, 1903 

Mr M. Torrente-It is one thing to know something, but quite 
another thing to be able to Pl).t thoughts, at short notice, into such 
a shape as to convey to an assembly like the one here present their 
innermost meaning, and do so quickly. My case in this respect is 
very sad, and that is why I rather prefer to listen than to talk. 

However, the matter raised by .M.r Crosse is so important and so 
far-reaching in its effects that I could not help at the last meeting 
making a few remarks. 

As our President said, we got so mixed up that we did not know 
exactly what paper we were discussing, whether Mr Crosse's" Re
generation of Cyanide Solutions" or Messrs Caldecott and Johnson's 
"Precipitation of Gold from Cyanide Solutions." Considering that 
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Dijficultz"es in Precipz"tating Gold 287 

both papers have certain common results, I do not think that any 
harm was done. The matter of the regeneration of cyanide solu
tions deserves, nevertheless, that we should make a special point of 
it. 

NIr Crosse, in his paper, deals with solutions containing the 
double cyanide of zinc and potassium-K2Zn(CN)4-and gets 
over the difficulty by precipitating the zinc with sodium sulphide. 

His suggestions will be most valuable in many cases, but, as the 
contamination of the working solutions with zinc is only one of 
the many mishaps of everyday occurrence, I think you will agree 
with me when I say that we have still an immense field for research 
in front of us. 

In most cases, when troubles either big or small are given by 
solutions, we find that, although the cyanide is there ready to do 
its appointed work, other elements are also present which alter the 
working conditions of a solution. The effects are felt more par
ticularly ill the precipitation boxes, whether zinc or electric, 
although some elements upset one precipitation more than the 
other. A solution which can dissolve the gold in a cyanide vat to 
perfection, but cannot get rid of it in the precipitation boxes, does 
not, in my opinion, require regeneration. It requires a corrective. 

Before the war 1 was called to see a plant where the solutions 
gave the greatest trouble in precipitating. After a great amount 
of work the results were still unsatisfactory, and, the war interven
ing, the investigations could not be carried on to the end. Al
though some years have elapsed, it is most refreshing to see that 
the work of investigating our solutions has not been dropped, but 
that, poillt hy point, we are getting nearer its solution. 

Somebody remarked at the last meeting that a tank charged 
with tailings had been left undel' solution during the whole time of 
the war, and when leached on his return the solution carried 7 
dwts. to the ton. I do not doubt this statement for a moment. 
The gold being once dissol ved, all that our friend had to do was to 
wash the charge and send the residues to the dump. I cannot see 
that, whether the tailings had been under the solution for two years 
in an ordinary tank or even in a bottle, could have anything to do as 
far as its gold contents are concerned. Even granting that all the 
cyanide had been decomposed, the fact remained that the gold was 
present as a salt soluble in water, and ail that he had to do was to 
leach it out. I would, nevertheless, like to know whether the 
precipitation from this solution was perfect. 

Mr Hall told us that for several months he ran solutions through 
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288 Causes of Failure of Working Solutions 

a charge of coarse Rands which had. already been treated by cyanide, 
and that at the end of that time he found that the gold contents of 
these coarse sands had. not been altered. This has nothing to do 
with the regeneration or activity of solutions; but still, as it was 
mentioned, I would like to ask Mr Hall whether he carried his 
experiments so far as to concentrate these coarse sands, and if he 
had the concentrates so obtained assayed ~ It would be interesting 
to know if (as I think would be the case) the heavy pyrites obtained 
from this concentration still contained a considerable amount 
relatively of the original gold contents, in which case the fact of 
the cyanide not getting any more out of it would be due solely to 
mechanical causes, i.e. eneased in the pyrites. Finer crushing, 
roasting or natjIral oxidation would allow the cyanide to produce 
the desired effect. 

Mr Tavener said that the amount of old cyanide solution, di~· 
placed every day by fresh water in the working cyanide solutions, 
was enough to keep his solutions in good order. I have no doubt 
this is so in Mr Tavener's case, but let the trouble come from an 
uususpected source, say, in the shape of the product of some old 
weathered stope, and let it last for only, say, one ~onth, and I am 
almost certain that if this happens without his being informed as 
to what is going on in the mine, we shall hear a tale of woe from 
him. 

The greatest troubles caused in the solutions are due, in my 
opinion, to three priucipal causes :-

1st. To the presence of organic matter. This fact is well known 
to the average cyanide manager, and a lot of good work has been 
done in this line with most satisfactory ~esults. It is not necessary 
to expand here upon it. 

2nd. To the presence of the double salts of zinc and cyanogen. 
These salts are formed by the solutions in passing through the 
zinc boxes and can be most troublesome. The method suggested 
by Mr Crosse will dispose of this difficulty, and, with due care, the 
danger of an excess of caustic alkali, due to the decomposition of 
potassium zincate, can be easily eliminated, as explained by him. 

3rd. To the presence in the solutions of the products of the 
decomposition of the pyrites, i.e. ferrous salts and sulphates. This 
is now a more difficult problem, and its solution will, I thiuk, see 
the end of most of our troubles in precipitating gold from cyanide 
solutions. 

The usual courses followed at the present moment to counteract 
these evils are, amongst others :-
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Remedial Measures 

The addition of lead acetate to the solutions. I know of cases 
where 30 Ibs. of lead acetate is added to every 50-ton charge of 
slimes. It seems to remedy the trouble a lot, but at a great expense. 
Besides, it may not be desirable to have too much lead in the 
resulting product containing the gold. 

Another method is the addition of sulphuric acid to the sumps. 
Here, also, we have a very drastic measure. Granting that the 

acid is obtained at a nominal cost by using sodium bisulphate, 
still the amount of cyanide destroyed (130 parts of KCN combine 
with 98 parts of H2S04) in this operation is very considerable, 
besides introducing a most dangerous element to life. 

As I said at the last meeting, in a case where I am personally 
concerned, Mr Crosse proposed that I should try the addition of 
carbonate of soda to my charges. I availed myself of his advice, 
and I am pleased to be able to report most favourably on the results 
obtained. 

Before I give you any figures, and to leave the field open for 
further research and discussion, I may state that the solutions in ques
tion were fully saturated with sulphate of lime (about 2·25 grammes 
per litre. To neutralise the amount of sulphate of lime (136 parts 
CaS04 combine with 106 parts NaCOa) contained in a 30-ton charge 
of slimes and its adjunct solution, i.e. about 120 tons, I found that I 
would require an enormous quantity of the reagent, and that would 
have made its use at once prohibitive. However, I tried small 
quantities, and added only 10 Ibs. per charge. 

The results have been so far most satisfactory. The solutions 
have been steadily going down in gold contents, the zinc 'has been 
doing excellent work, and the bulk ()f my clean-up slimes decreased, 
as I said at the last meeting, to about one-third the bulk of the 
previous clean-up, the resulting gold slimes being also proportion
ately richer. 

The point now raised is: In a solution fully saturated with a 
salt which apparently has rendered it unfit for precipitating the 
precious metal in the usual way, you would reasonably expect that 
as long as a large proportion of the said salt is present the precipi
tation ought to be at fault. N ow, how is it, that the addition 
of a reagent in such a comparatively small quantity has improved 
the work so considerably 1 

I am afraid that, in order to explain this result, we must go 
beyond the old theory of equations, and I have no doubt some of 
you, more au fait with the newer theories than I am, will explain 
the matter. 

T 
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A ssay of Solut£ons 

Another source of trouble is, in my opinion, the formation in 
our solutions of very complex salts proceeding from the combination 
.of organic and mineral acids or salts. These elements have not yet 
been studied, and the difficulty they offer to research is enormous, 
as they are so very unstable. 

The study must start at the sumps where the solutions are made 
up, be followed through the treatment vats, and end at the bottom 
of the precipitation boxes. 

Again, what will apply to us on the Rand will not apply to other 
places, but if we succeed in overcoming our local difficulties and 
tabulate them with their remedies, we shall have gone a long way 
towards the definite solution of the problem. 

The figures I promised you are as follows (I leave out the results 
from the start of the plant till the 25th June, as I consider that up 
to that date, the solutions being newly made, they were not fully 
saturated with the disturbing elements which we are now con
sidering) :-

Date. 

25/6 
27/6 
30/6 

2/7 
3/7 
3/7 
3/7 
3/7 
6/7 
7/7 
9/7 

10/7 
10/7 
10/7 
10/7 
13/7 
14/7 
16/7 
17/7 
20/7 
20/7 
20/7 

Entering 
Zinc Boxes. 

1 dwt. 16 grs. 

2 dwts. 
1 dwt. 18 grs. 
2 d wts. 8 grs. 
2 dwts. 21 grs. 
2 dwts. 21 grs. 

Leaving 
Zinc Boxes. 

17 grs. 
21 grs. 
19 grs. 
13 grs. 

1 dwt. 1 gr. 
13 grs. 

8 grs. 
12 grs. 

1 dwt. ° grs. 
21 grs. 

1 dwt. 7 grs. 
1 dwt. 7 grs. 
1 dwt. 16 grs. 

20 grs. 
1 dwt. 21 grs. 
1 dwt. 12 grs. 
1 dwt. 18 grs. 
2 dwts. 14 grs. 
1 dwt. 8 grs. 

19 grs. 
1 dwt. 8 grs. 

20 grs. 

Leaving 
Electric Boxes. 
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Assay of Solut£ons 29 1 

Date. Entering Leaving Leaving 
Zinc Boxes. Zinc Boxes. Electric Boxes. 

20/7 1 dwt. 6 grs. 
22/7 2 dwts. 20 grs. 
23/7 2 dwts. 21 grR. 1 dwt. 2 grs. 
29/7 3 dwts. 19 grs. 2 dwts. 8 grs. 
29/7 2 dwts. 7 grs. 
30/7 1 dwt. 9 grs. 
31/7 3 dwts. 15 grs. ~ dwts. 2 grs. 

3/8 2 dwts. 18 grs. 23 gl's. 
4/8 17 grs. 

5/8 1 dwt. 8 grs. 
6/8 1 dwt. 3 grs. 
7/8 2 dwts. 8 grs. 1 dwt. 5 grs. 

ADDITION OF SODIU~I OARBONATE 

13/8 2 d wts. 8 grs. 
15/8 9 grs. 
17/8 6 grs. 
18/8 14 grs. 
19/8 9 grs. 
20/8 1 dwt. 20 grs. 8 grs. 7 grs. 
21/8 12 grs. 

24/8 10 grs. 

25/8 10 grs. 

OLEAN Up 

27/8 1 d wt. 20 grs. 2 grs. 

27/8 4 grs. 4 grs. 

28/8 2 grs. 
3 grs. 

31/8 2 dwts. 6 grs. 2 grs. 

2/9 4 grs. 

4/9 4 grs. 

9/9 3 grs. 

14/9 4 grs. 

18/9 4 grs. 

These figures bring us up to date, and will be food for reflection 

for some of us. 
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Cyanide Manager and Assayer 

I have spent ten years in this place in more or less intimate 
communion with the cyanide man, both manager and shifts man, 
and, although our paths may now soon part, I shall always look 
back with pleasure to this time. The Rand cyanide man is, in my 
opinion, a most admirable personality. You find all classes repre
sented, from some of the best chemists in the world to the inex
perienced young man from home, but, whether the one or the other, 
they work well together, and, in my opinion, it is due to this fact 
that they are successful. In no other depart.nent of a m"ine, as a 
whole, has the work to be carried out to such disadvantage as in 
cyanide works. The man has· to refer all his work to the assayer, 
and until he knows the results he is working i·n the dark. Take 
the case of a man who finds his work going week in and out all 
that can be desired, and all at once, although he is convinced that 
his instructions have been most conscientiously carried out, finds 
his residues or solutions all over the place. The first thing he will 
do when he sees the assayer's certificate is to get a fresh lot of 
samples, and, if he happens to doubt his assayer, mix their 
denomination and send them to be assayed again. But in most 
cases the assayer is also a conscientious man, and after a day or so 
the result comes back with a nice little note to his friend telling 
him that his samples have got mixed, and in this we have a very 
good description of our position. Leaving aside the adjectives, we 
say we are in a hole. 

Whereas the rest of the work in the mine is so palpable that a 
fault can be immediately corrected, here on the cyanide works it is 
not so. The engine driver will hear the engine knock and he knows 
what to do. The battery hand who sees the cam· shaft turning 
without lifting a stamp knows at once that the tappet has shifted 
and knows what to do. The cyanide man who sees his solutions 
go into the boxes perfectly limpid, and ~till is unable to obtain the 
gold carried therein, is lost and has to blunder in the dark, some
times for a long time, until he finds the cause of the mischief, if 
he ever does find it. The solutions upon which the faults were 
observed may not exist any longer by the time he thinks he has 
found them out. They have been replaced by fresh solutions 
whose character may be totally different; the evil may have 
been only transitory, and by the time he has gone through 
a week or two of a most anxious time everything is in good 
order again, apparently with just as little reason as it weut 
wrong. The poor man scratches his head and thanks his gods 
that he is out of the hole. Still, he would like to know what 
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Cyanide Manager and Assayer 

was the matter with his solutions, and often this remams a 
mystery. 

I would like here to give to the cyanide man a little advice, 
begging his pardon at the same time for my presumption. When
ever, without any tangible cause, 'he finds his solutions thrown out 
of gear, let him go at once to his mine manager and ask him whether 
he is sending some rock to the mill proceeding from some old stopes 
or from some scraping of the mine. In eight cases out of ten he 
will find that it is so; in one case he will find, but only later on, 
that it was so, although the fact was denied to him at the time, and 
in the other case he might have to deal with some unknown factor. 

Therefore in eight cases he will have a known factor to start 
with, and with very little trouble may overcome the difficulty in 
these. In one case the reaSOll, if ever, will be found out, as a rule, 
long after the cause of the trouble has ceased to exist and the 
solutions have become again normal, and probably only in one case 
a new problem will have to be solved. 

The study of cyanide solutions is, therefore, of the greatest 
importance. In some cases we know what remedies to apply to 
certain causes, in others we neither know the cause nor the remedy. 
Again, the cause may be known and the remedy has to be found. 
In this work we must combine with the analytical chemist, and I 
think we should appreciate analytical research rather more than 
some of us seem inclined to do. After all, analysis may be only a 
key, but it is of no use to try and open a safe unless we have a key 
that will fit it. 

The modern mechanical engineer will carefully indicate his 
engines to be able to control their work. The indicator of the 
cyanide man is the chemist, and the two well combined will result 
in the most powerful and practical combination for successful work 
on the Rand. 

The time seems to be near at hand when the rough analysis of a 
solution will at once tell the cyanide manager what to do to correct 
an evil, but till then it would be a great help to him if some of the 
changes taking place in the mine or battery were reported to him 
in time. Very often he would be able to apply the corrective in 
time, otherwise he would have the chance to follow and study the ca!:le. 

Whoever in a mine thinks that he can get round the average 
intelligent cyanide manager is greatly mistaken and bound to be 
found out sooner or later. Therefore let him at once be candid and 
work together. It i.s all for the general good, and makes the work 
far more pleasant. The importance of the cyanide man has been 
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294 Application 0.1 Knowledge 

tried to be either ignored or slighted long enough. He, on his side, 
is asserting himself more and more every day by his stubborn 
intention to succeed, and he will succeed. 

Oonsidering that to his many other qualities he has proved~ that 
his discretion is very great, no fear can be entertained as to the use 
he will make of any confidence with which he may be burdened 
relative as to what is going on in the mine, and I have no doubt 
that the advantages of such policy will soon be appreciated by all 
parties concerned. 

It is to be hoped that the study of the solutions and their disturb
ing agents will be carried to its utmost limit. The desideratum of 
the cyanide man is to get all disturbing agents out of his solutions 
or otherwise made innocuous before they get into the precipitation 
boxes. In his clean-up he only wants gold and nothing else. 

I should also ask the cyanide manager who has been fortunate 
enough not to have had any troubles in his plant not to lose sight 
of the importance of this question, and, therefore, withdraw his co
operation. Human nature is very often inclined to attribute its 
own success to its own superiority when very often a little luck 
has done the lot without any further exertion. Whoever may have 
been so fortunately placed hitherto must not foolishly lose sight of 
his good luck or he will be sure to find his cart ill the ditch at the 
turn of the road when a trouble arises. 

To finish this already lengthy and monotonous peroration, I may 
add that it is problems of the kind referred to by Mr Crosse which 
deserve that everybody concerned in these matters at large should 
give his experiences and assist in their determination. Even if 
some of the proposed methods have been known a few hundred 
years ago, still the man who hunts them up and fits them to our 
wants deserves the greatest encouragement. The problem is one 
of actuality and of the greatest importance, and we must avail our
selves of every possible means to secure its ultimate success. Even 
if, as I am afraid, we find at the end of our discussions that we are 
not much further ahead with our knowledge of the intricacies and 
the conduct of cyanide solutions under every circumstance, still, 
considering that every new improvement will be a further step 
towards its solution, I hope that such problems will be brought up 
for further argument whenever anything new may occur. 

REPLY TO DISCUSSION (OCTOBER MEETING, 1903) 

Mr A. F. Crosse-In replying to the remarks and criticisms on 
my paper on the above subject, I cannot help noticing that in 
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Rimoval of Zinc from Cyanide'Solutions 295 

certain quarters there was just a little appearance of feeling shown 
which would, perhaps, have been more justified had the title 
referred to the regeneration of ourselves and not of our cy.anide 
solutions. 

The first remarks on my paper appeared in the June number 
of the Journal by Mr Watson. He is correct in stating that I 
had never heard of the Parnell & Simpson process for removing 
sulphides from alkaline solutions. I was very much interested in 
reading his acco~nt of the process, which seems, as he says, nearly 
the converse of mine. In the same number Mr Whitby makes 
some remarks. Anything that Mr Whitby writes about the_ 
chemistry of the cyanide solutions deserves attention, as he has 
given much time and thought to this intricate problem. I will not 
dispute the accuracy of his suggestion regarding the action of 
sulphuretted hydrogen on the double, cyanide of zinc and potassium 
and free alkali, as the more one studies these reactions the more 
difficult they are to define. The actual constitution of zincate of 
potash in solution is by no means certain. Mr Whitby would have 
liked me to have brought forward plans of the plant to be used. I 
hope in' due time to show him'the plant in operation. 

In the same number of the Journal Mr Durant refers to Mr 
Feldtmann mentioning the reaction 

K2Zn(ON)4 + H2S = ZnS + 4KON, 

and also to Mr James advising the use of sodium sulphide in 1897. 
I never claimed to have made any chemical discovery. My claim 
is that I believe that I am the first to have brought forward a 
method to remove the zinc as sulphide by the use of heat. The 
main a!'gument brought forward by our late President, Mr J. R. 
Williams, and supported by his lieutenants, is that the solution 
passes so quickly through the plant and on to the dump that, 
during its short life, it is not worth regenerating. Now, this opens 
up quite a different problem, viz. whether the system adopted on 
many mines of running the slimes and sand works so thoroughly 
intermixed that it is impossible, or, at all events, difficult to 
separate costs, etc., is advantageous or otherwise. That is a 
question on which I would rather not express too decided an 
opinion. 

The question will probably be raised one day. I prefer to see 
these questions attacked in detail; too great diffusiveness is, in my 
opinion, a mistake,' one which we have been guilty of lately and 
which, if we fully discuss a paper recently read, we shall accentuate 
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296 Sodium Carbonate and Cyanide Sol-utiom 

still more in the future. The chairman is helpless, as he cannot 
prevent discussions on bye-issues raised by the reader of a 
paper. 

I wish to thank Dr Moir for pointing out to me a source of 0 error 
in the method I adopted for the determination of zinc, but which I 
did not claim as my own. Always using definite quantities of the 
reagents and allowing the same time, the method, standardised 
against a known solution of zinc, gave results of more than suffi
cient accuracy for the object desired. I wi~h to thank Mr Torrente 
for his kind and appreciative remar·ks on my work. I hope that 
some day he will be in the position to run a payable proposition 
and not have to make butter out of skim milk, as has been the case 
in the past .. 

I am not at all certain that because, as Mr Tavener says, in eight 
days as much moisture has been added to a solution as would replace 
it that it has actually been replaced, and I am not so sure that the 
practice he adopts is the best one; an·yhow, it is open to question. 
With regard to addition of carbonate of soda to a cyanide solution, 
I will mention how I came upon this idea. Mr Pead told me that 
he had used caustic soda with good results on the precipitation, but 
that the results were unsatisfactory for extraction. I advised him 
to try carbonate of soda as lime would be precipitated, and my 
opinion is that it is the caustic lime which is injurious and not 
caustic soda; this I have proved. 
, I expect good results from the hearty co-operation of the cyanide 
manager and the chemist, and in the case I have mentioned Mr 
Pead and myself considerably improved the condition of our 
solutions. You may ask why so small a' quantity of carbonate of 
soda helped Mr Torrente in his solutions. Well, I will tell you. 

Take a nearly saturated aqueous solution of sulphate of lime, 
add caustic lime so as to make it alkaline to the extent usually 
found in the slimes treatment, then add pure cyanide of potassium 
so as to bring the solution to a certain strength. You will find on 
examining your solution that notwithstanding the excess of pro
tective alkali that your cyanide has been partly decomposed and 
free hydrocyanic acid is present. Add some carbonate of soda and 
you will have restored the balance. There is no trick or mystery 
in it. 
o What I have ,said so far may appear but a scanty response to the 
criticisms which various members have been kind enough to make 
on my paper, but the reason that I have refrained from a detailed 
reply to my critics lies in the fact that at present, on the East 
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Replacement of Solutions 297 

Rand Proprietary Mines, Ltd., plans are being drdwn out for the 
erection ofthe plant in question. 

The value of my method will then be put to a full test and the 
results will be open for all to see. 

The President-I should like to congratulate Mr Crosse upon 
his able reply to the criticisms on his paper, and I am sorry that it 
was not of greater length. J should like to ask him one question in 
reference to his remarks in regard to the replacement of solution
whether he has made any determinations, periodically, of the 
amount of zinc in his solutions to demonstrate that fact ~ 

Mr A. F. Crosse-The statement was made by Mr J. R. Williams 
that water added to the solution would keep the zinc at about its 
normal strength. 

The President-Did you make determinations periodically-once 
a week ~ . 

Mr A. F. Crosse-I did make regular determinations. I mean 
by doubting, not disbelieving, but doubting in my own mind. For 
instance, you have in a certain town 10,000 inhabitants. The 
death-rate is a certain amount; you might say that in twenty years 
all your inhabitants died, but it is not so. It is very much the same 
with the liquid going through our cyanide tanks. You get your 
strong solutions, medium solutions, and gold solutions. The question 
under discussion is whether the whole solution gets replaced in a 
certain time. 

The President-I have to thank Mr Crosse for replying'to the 
question. I do not think he could have stated more than he has. 
The proof of the pudding is in the eating. He says he will soon 
have his process at work, and I do not think we can say anything 
more until he gives us a demonstration of the effect. 
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XVII 

NOTES ON THE COMMON PRACTICE OF QUARTZ 
MILLING ON THE RAND 

By FRASER ALEXANDER (MEl'!mER) 

(Read at March Meeting, 1903) 

I HAVE been induced to bring these notes on qualtz milling before 
you because I believe that the subject has not yet been touched 
upon, and as the matter is of such importance to us all. I trust 
you will accept the same, not as a matter of instruction, but being 
a subject in which we' are all interested and therefore possessing 
some opinion thereon, as a means of eliciting views from those far 
more competent to speak authoritatively than myself on various 
points involved in the operations of a quartz mill. 

From this reason you will understand that I am able only to 
lightly touch upon the subject, for to describe in detail the con
struction of a mill alone would occupy more of your time than you 
would enjoy, and I need say no more to excuse the brevity and 
sketchiness of my notes. 

The present quartz mill is the outcome of many years of ex
perience, differing very considerably from that in use, say, ten years 
ago, ,,·ith marked improvement, but many as the improvements 
have been, I believe that there are still more to be made, and if I 
should judge by the undoubted gain in knowledge of the cyanide 
process by the interchange of ideas between those working, that the 
same would apply to millmell, I have therefore no hesitation in 
appealing to them to "come out of their shells" and cast off pre
judices, so that by open discussion some light may be let in upon 
what is still in their minds at least an obscure subject. 

The reduction of our banket gold-bearing quartz on the Wit
watersrand is done almost entirely by means of heavy.stamp mills, 
copperplate amalgamation and subsequent treatment with cyanide, 
as most of you are aware, and I will endeavour to briefly sketch 
what I believe to be the common practice in vogue on these fields. 

The ore when hauled from the mine is dumped over grizzlies, 
separating the "fines "-which are sent direct to the mills-the 
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Stamp-crushing 111ill 299 

coarse. rock being elevated to a height sufficient to allow it to 
gravitate, first through a rotating drum or screen where the rock is 
washed, and then on to the sorting table where waste rock is picked 
out, the' pay rock being automatically discharged into the rock 
breakers-of various patterns, Blake-Marsden's being' in most 
common use-where it is broken to about 2~inch cubes before 
being delivered into the mill bins, which are of various capacities, 
in most cases holding sixty hours' run of the mill. . 

The cost of a modern heavy Tpye mill erected on the Rand, 
exclusive of power plant, is, roughly, £310 per stamp for 100 
stamps. The indicated horse-power required to work such a mill 
is 3 h.p. per stamp. 

The amount of water required to wash the crushed product over 
the amalgamating table is about six times the weight of ore crushed 
when the ore is first washed and sorted, but if the mill pump is 
classified by means of hydraulic classifiers, the amount required 
would be fully eight times. the weight of ore crushed. Little or 
none of this large volume of water is wasted, and in a well-equipped 
plant it can be returned to the mill for re-use within two hours after 
it first passed over the plates. 
. The weight of stamp apparently most suited for crushing out 
banket, which, by the way, is not quite so hard as some quartz 
lodes (Sheba G.M. Co. at Baberton for instance), is the heaviest yet 
tried, viz. 1250 lbs. 

Now, having glossed over the mill as a mechanical contrivance, I 
will class the work under two headings :-

1st, Crushing; 
2nd, Amalgamating. 

Crushing the maximum quantity of ore to a determined degree 
of fineness is, undoubtedly, the first consideration of millmen on 
these fields. 

The determination of screens to be used on each mine should be 
very carefully settled by experiment on the ore over a period cover
ing, say, three months, during which time three thorough practical 
tests can be made with 1000, 800, and 600-mesh light screening. 

The screens mostly in use on these fields are 700 holes to the 
square inch (light), and it is surprising to find a difference of fully 
half a ton duty per stamp per diem as a result of crushing under 
apparently equal conditions. 

The weight of stamp, speed, length of drop, height of discharge, 
and quantity of water, appear to be the chief factors governing the 
crushing powers of a stamp mill through a given sized outlet. 
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300 Requirements for Crushing Ore 

A 1250-lb. stamp with 3linch stem 16 feet long, 20-inch by 9-inch 
bosshead, 12-inch by 9-inch shoes, will crush 5·5 tons per stamp per 
diem through a light screen of lOOO holes to the square inch given 
a speed of 95 drops per minute, an 8-inch drop, a 6-inch discharge, 
and six times the weight of water to ore crushed. 

These figures are compiled from actual results obtained over a 
fairly long run on deep level ore, and I quote these results in 
support of an exceptionally fine crushing on these fields with heavy 
stamps. 

As I have before stated, the screens mostly in use on the fields 
are 700 light; the weight of stamps can be taken as 1050 Ibs., and 
the average crushing under practically identical conditions, as 
above, is 4·8 tons per stamp per diem-this apparently points to the 
heavy stamp being most efficient-but minor details in the practical 
working of a 100-stamp mill, will, I feel sure, appeal to millmen 
as being of more than the actual importance of weight alone. 

Where 100 stamps are placed back to back four white men and 
four natives are required on each shift to efficiently w9rk the mill ; 
if in one line two whites and two natives can accomplish the proper 
care of 60 stamps. 

The feed which is automatic, "Challenge" feeders being in
variably used, is of the greatest importance, and should always be 
kept even, special care being taken that the stamp is crushing 
through the pulp in mortar box on to the die; if this is not carefully 
watched the mortar box is liable to bank in one end and pounding 
will result to the detriment of good crushing. 

Speed and length of drop is of considerable importance, the first 
requiring an efficient power plant. I believe the maximum speed 
consistent with fair wear and tear to be reached in a 1250-lb. mill 
when 95 8-inch drops are being registered. The enormous vibration 
consequent on an increased speed causing. crystallisation of both s1em 
and cam-shaft without any appreciable gain in the rate of crushing. 

The amount of drop is fixed by adjusting the tappet, allowing the 
cam to lift the stamp a certain height only (8 inches being a common 
average). The tappets being once set to allow the required drop, 
require constant care to keep each stamp working at its proper drop, 
and the shifting of one tappet in the set of five stamps will often 
very greatly retard crushing, not so much from defective crushing 
of this individual stamp but through the irregular splash caused in 
the mortar box. 'When examining a battery in order to regulate 
the drop, first cut the feed as low as possible, which will allow a 
practised hand to at once detect any variation in the drop of each 
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Crushing and Formation of Slimes 30r 

set of stamps; it is often thought by workmen that to save too often 
shifting of tappets a t inch will make no difference, but the reverse 
is assuredly the case. There is some divergence of opinion on the 
order of drop, some claiming 1,3,5,2,4, others 1,4,2,5,3, and again 
1,5,2,4,3. The latter is in my opinion the best, causing the most 
regular splash and least waving, and consequently throwing out the 
crushed produ~t through the screen more rapidly. 

The use of chuck blocks for regulating the height of discharge 
has, I am sure, been thought out amongst mill men here, and 
should not exceed 6 inches where 1000 screens are in 11se, 5 inches 
for 800, and 4 inches to 5 inches fol' 600 or 700 screening. It is 
obvious that the escape of crushed particles of ore in the mortar 
box cannot be too readily facilitated, for, on the other hand, bank
ing of the material too coarse to immediately pass through the 
screen will certainly take place against the screen if the chuck 
block is too low; the feed here plays a most important part, and 
points to the height of discharge as being subservient to a close or 
fnll feed, the latter in a:ll cases being decidedly objectionable to fast 
crushing. 

It is here that I believe the sliming of ore takes place in excess 
of the actual slimes consistent with the peculiarity of our banket 
deposits, which, under reasonably favourable conditions, may be 
relied on to prodnce not less than 26 per cent. of slimes. 

One case prominently illustrating my contention, is that of two 
large mills crushing with 1000 and 700 screens respectively, both 
making ,30 pel' cent. of slimes, but strange to say, the 700-mesh 
mill is producing nearly 1 ton of crushed material per stamp less 
than that produce~ by the 1000 screen, all conditiolls being practi
cally equal. The screen is certainly a controlling, but by no means 
a final factor in regulating fast crushing. 

The water supply should in all cases be a constant one (that is, 
the head or pressure varying as little as possible) on these fields; 
about six times 'the weight of ore crushed is used in the mortar 
box, delivered through one or two pipes arranged to discharge, in 
some cases on to the feed chute, and in others at the back of 
stamps into the mortar box; the first mentioned is found to give 
every satisfaction, the volume of water is indeed a large one, but 
as we have to face the question of pulverising the ore to determine 
the degrees of fineness, irrespective of the old-time methods of 
amalgamation, it matters little, so long as a rapid discharge of the 
crushed particles be ensured. 

I do not wish to convey the idea (through above remarks) that 
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302 Amalgamation 

our mills are being utilised merely as machines for crushing the 
ore-far from it. They have always played a most important part 
in the production of gold, and I feel sure will continue to do so for 
a very long time to come, but I certainly do think their first con
sideration is to crush the maximum amount consistent with fair 
wear and tear of machinery, and in no way allow the time-worn 
practice of inside amalgamation to detract from the crushing 
abilities of the mill. 

We now come to the important point-amalgamation-or should 
I embrace the wider term" Extraction of Gold." I fear my con
victions lead me to place copper-plate amalgamation as a very 
secondary extractor of the precious metal, and so will confine 
myself to the common practice of amalgamation as we find it 
carried out on these fields. 

Large sheets of the purest copper obtainable should be used, 12 
feet long by -to of an inch thick and 5 feet wide; this width more 
than covering the discharge from the mortar box_ . The plate, 
which is usually of one piece turned up about 2 inches on all sides 
except at the lower end, is securely fixed to a rather heavy wooden 
framework or table, by means of wooden laths screwed down on 
the outside of the turned-up portion, and firmly bearing on the 
copper itself; the whole table can be easily removed in or out of 
position, and should not bear or rest on the sills, king-posts, or 
foundations of the mill itself. Care must be taken to ensure a 
perfectly level, smooth surface, which admits of an even distribu
tion of the pulp and unrippled flow from start to finish. These 
tables are usually made adjustable up or down, for convenience of 
adjusting the grade, which is usually Ii inches to 12 inches. Eight 
tons of pulp matter, that is, 1'15 per-cent. solids and 6'85 tons 
water can be passed over this table per hour without causing undue 
rippling or waving on the plate surface. 

Inside amalgamation on copper plates fastened to the mortar has 
for some time past been replaced by the more general rule of feeding 
a little mercury into the mortar box every hour. The first method 
was found most undesirable, the coppers being damaged, pieces of 
amalgam became detached, and afforded an easy means of pilfering 
by Kaffirs or dishonest workmen. The second method is preferred, 
not so much from its ability to collect a very large quantity of gold 
in the mortar, bnt by feeding the mercury in proportion to the 
value of ore being crushed, or about equal the gold contents in 
ounces per ton, it gradually works out of the box on to the table 
and, being partially amalgamated, more readily adheres to the top 
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Amalgamation ' 30 3 

portion of the table. This constant supply is claimed by mill men 
to keep the plate in the most perfect condition, but as, however, 
only about 4 per cent. of the total gold won by the mill is collected 
in the mortar box itself, it can hardly be claimed that this is a 
very profitable source of recovery when the loss of mercury is taken 
into account through this practice, it being about double that 
resulting from purely outside amalgamation. 

The preliminary setting of plates is well known, and it will suffice 
to say the copper must be thoroughly well cleaned before' the 
mercury is used; the plate being carefully kept clean is allowed to 
accumulate a thin layer or skin of hard amalgam, and when this is 
accomplished the routine work of dressing, scouring, brushing, and 
the many attendant burnishing methods so dear to amalgamators is 
continued day by day. By thoroughly scouring or loosening the 
amalgam by means of rubbing the whole surface of the plate with 
a little clean sand or gritty matter, the amalgam becomes pasty and 
is easily removed without unduly affecting the copper itself, as with 
a chisel or other sharp instrument. Where this work is well done 
the maximum amount can be taken from the plate each shift, and 
will prevent undue accumulation besides largely obviating the 
necessity of frequently steaming the plate. • 

As the extraction (by assay) is considerably affected through 
neglecting to secure day by day the total gold deposited on the 
plate, I shall prefer to return to this important point further on. 

The plates are brushed with a soft hair spoke brush, or lightly 
rubbed up every four hours, taking off any deposit of fine, heavy 
concentrates, black sand, etc., which always, more or less, settles on 
the clean surface of the mercury. When plates are in good working 
order they have the appearance of a dull mirror, and are of a peculiar 
stiff, pasty feel to the touch. 

Steaming should be avoided as much as possible, as it often 
results in buckling the plates through irregular expansion and 
contraction of the copper, and where the plates are well scoured each 
shift it will not be found necessary more than once in six months. 

The application of steam as a means of heating the plates before 
hard accumulations of amalgam can be readily scraped off, is so well 
known that I need only say millmen are agreed on its utility as a 
safe and effective means of easily removing the amalgam from the 
plates. 

Having now dealt with the usual practices (although very imper
fectly), I find myself confronted with the still more imperfect result 
of only a little more than half the gold contents of the ore. I do 
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304 Theoretical and Actual Extraction 

not believe we shall ever be able to say" the contents of 500 tons 
you crush per day contained so much (by assay), and that your due 
recovery being (say) 55 per cent., please account for same," but I do 
claim that millmen are not fully alive to the responsibilities imposed 
upon them when they allow a difference of 5 per cent. to pass 
between theoretical and actual extraction, the actual amalgamatipg 
powers of the mill having been carefully determined on the average 
ore from the mine over a lengthy period (say, six months). 

Either the assays must be wrong or the sample is contaminated 
with fine particles of flowered amalgam-the latter being more 
oftener the case-and, if so, these unreliable samples may be looked 
for throughout the whole recovery process. 

The average extraction per cent. in fine gold recovered from mills 
(by assay) is 57 per cent., and varies between 52 per cent. and 65 
per cent. in different mills. This in itself is of less consequence than 
the actual variation that frequently occurs in anyone particular mill. 
If the ore is of such a refractory nature, and will only allow a 
specific recovery, then let us count on the mill regularly returning 
this fixed amount. 

That inaccurate samples are responsible for more than half our 
troubles is certainly the case, but these inaccurate samples are chiefly 
the outcome of inside amalgamation. 

The screen is a controlling factor, largely governing the quantity 
of gold that can be caught, but is by no means accountable for 
differences in which amalgamators appear to take so little interest. 
Accurate samples can be obtained in any mill where the importance 
is recognised by the man working sanie, and it can hardly be expected 
that any completeness is likely where no accurate knowledge of the 
result is secured. ' 

In conclusion, I have to thank Mr D. Pepler, battery manager of 
the Ferreira Deep, Ltd., for assisting in my endeavours to make 
clear the methods most important to successful results, and I hope 
this paper will be the means of creating some discussion on the 
intelligent use of stamp mills, which play so important a part in the 
development of this huge gold industry of South Africa. 

The President-It is strange, but nevertheless true, that, notwith
standing the fact that for many years on the Witwatersrand the 
quartz mill had been our only means of saving gold, this should be 
the first paper we have had on the subject. 

Mr A. F. Oro sse-I think the paper will be the means of stirring 
up a discussion which will be the means of elucidating very useful 
information. 
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Construction of the Mzlt 

DISOUSSION AT MAY MEETING, 1903 

Mr 1. Roskelley-Before making any remarks on Mr Alex
ander's paper, I should, as a millman, like to thank him for the 
general and clear sketch of mill work as carried on on these gold
fields, which he has given us. Much of his paper I heartily 
endorse. In a few places, however, I venture to doubt his con
clusions, and occasionally I wish his statements were more ampli
fied, and that he would have touched on some points which he has 
omitted. 

Mr Alexander says the quartz mill of to-day is a great improve
ment on the mill of some ten years ago, but adds that, "many as 
the improvements have been, I believe there are still more to be 
made." Here I am entirely at one with him, and one of the first 
points where there is room for improvement is in the construction 
of the mill itself.' For instance, material for the framework of a 
mill: timber should be well chosen, so as to avoid, as far as possible, 
the splitting, shrinking, and consequent loss of strength which the 
excessive vibration of a niill occasions in badly selected timber. I 
consider pitch pine the best and most durable. Again, the size of 
timber used is important. I have known mills with 1250-lb. 
stamps having king-posts of the same size as those supplied to a 
mill with 1050-lb. stamps. This size of timber was considered 
adequate for the support of a cam-shaft carrying five 1050-lb. 
stamps, but unless the builders of the early mills used timber far 
too heavy-and I have never yet heard this objection brought 
against the timbering of a light mill-such king-posts must be far 
too light for a cam-shaft carrying ten 1250-lb. stamps, together 
with a pulley double the weight of that used in a light mill, to say 
nothing of the extra pull of an 18-inch belt instead of a 9-inch. 
These king-posts measure 12 inches by 23 inches; they might, with 
great advantage to the life of the mill, be increased to 18 inches by 
23 inches. Again, the cam-shaft bearing, especially the one nearest 
the pulley, ought certainly to be increased from the foot which was 
given it for the light stamps to 18 inches for the ten heavy stamps 
on a shaft. 

Even a greater mistake is made in the building of some new 
mills on the Rand with regard to the foundation of the king-posts. 
This, undoubtedly, is the most important timber in the mill, and 
everything possible should be done to give it the maximum obtain
able rigidity. To ensure this, it should have a solid foundation, 
but in many cases the foundation given is as follows:-

U 
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Order of Drop of Stamps 

Two mud sills are placed parallel with the line shaft and about 
6 feet apart. Across these a streak sill is laid at right augles to 
their length, and having its ends resting on them. The base of 
the king-post rests on the middle of this streak sill. When the 
battery is working, this 6 feet of unsupported timber must of 
necessity vibrate, the consequence being, that probably at no time 
are the three king-posts supporting the cam-shaft at exactly the 
same height. From this it follows that the three bearings of the 
shaft, where ten stamps are run on a shaft, are not at the same 
height, and the shaft itself is unevenly supported. This occasions 
a great transverse strain on the cam-shaft which often causes it to 
snap. I consider that the piles which support the mortar boxes 
should be continued outwards, so that the middle of the streak sill 
should have a solid foundation, and thus the vibration of the king
post would be considerably lessened. 

Mr Alexander says: "There is some divergence of opinion on the 
order of drop, some claiming 1, 3, 5, 2, 4, others 1, 4, 2, 5, 3, and 
again 1, 5, 2, 4, 3 ; the latter is, in my opinion, the best,causing 
the most regular splash and least waving." I cannot see the 
reasons which cause him to favour 1, 5, 2, 4, 3; in fact, I see serious 
reasons against it. The drop of a stamp does two things, i.t crushes 
the ore and throws the crushed product through the screens. If 
the stamps be dropped one after the other, the splash occasioned 
by one stamp removes some of the ore from beneath the adjacent 
one, which, when it falls, consequently does not do its full amount 
of work. To obviate this, millmen arrange the order of the drop 
so that no two adjoining stamps shall fall consecutively. Mr 
Alexander's drop of 1, 5, 2, 4, 3, does not allow for this, 
and were I to follow his order of drop I should expect number 
3 not to do efficient work. The other drops he mentions are both 
good. 

Speaking of the relative merits of 700 and 1000-mesh screening, 
Mr Alexander gives figures which I have found opposed to the 
results I have myself obtained, and which seem to me to be 
opposite to what theory would lead us to expect. He says that to 
his knowledge two large mills, crushing with 1000 and 700 screens 
respectively, both made 30 per cent. of slimes, but strange to say, 
the 700-mesh mill produced nearly 1 ton of crushed material per 
stamp less than that produced by the 1000 screen, all conditions 
being practically equal. My experience of 600 standard and 900 
standard screening has been as follows :-

For twelve months, using 600 sta,ndard screens, I obtained 22 

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
)



Screening and Amount of Slimes 30 7 

per· cent. of slimes-which, I may say, incidentally, is 4 per cent. 
less than what he says our banket deposits may be relied on to 
produce-and crushed 5'5 tons per stamp per diem. 

Using a 900 standard screening for six months I got 32 per cent. 
of slimes, and crushed only 5 tons per diem, other conditions being 
equal in both cases. This result is what I should expect from 
theory. In a 600-mesh screen the apertures are larger than in a 
900-mesh, consequently more pulp must pass through it in a given 
time than passes through a 900-mesh screen. 

It may be asked why then, seeing that wo crush less ore and get 
more slimes, have we changed from a 600 standard to a 900 
standard screening 1 Our reason is that, with a 900 standard 
screening, we crush the concentrates finer, thus getting more free 
gold. This gives us a 3 per cent. better extraction on our plates 
and, besides, we find that the concentrates residue in the cyanide 
works is lower with the 900-mesh screens. 

I might mention here the method I have adopted for determining 
the percentage of slimes. I take samples of the pulp from all the 
screens in the same manner as I take samples to be assayed. I 
pan off the slimes and dry them, and then weigh the slimes and 
sands so obtained separately. 

Dealing with discharge Mr Alexander says: "The escape of 
crushed particles of ore from the mortar box cannot be too readily 
facilitated." I certainly agree with him here, but I consider that 
the 6-inch discharge which he recommends, with a lOOO-mesh 
screen, does not allow of this ready escape of the pulp. Apparently, 
his objection to a chuck block lower than a 6-inch one, is that 
banking of a material too coarse to immediately pass through the 
screen will occur. Since June 1898, as battery manager of the 
Robinson Deep Gold Mine,· I have used 3-inch discharge, and, by 
always keeping the feed low, I get no trouble with banking, and, of 
course, the crushed pulp passes through the screens quicker than it 
would do were I to use a 6-inch discharge. Besides, I should 
expect an increased percentage of slimes since some of the thoroughly 
crushed pulp would be thrown against the chuck block and splashed 
back under the stamp, instead of striking against the screen and 
passing out immediately, as happens with a low discharge. I may 
say that I consider the mortar boxes in use in the Robinson Deep 
mill to be an improvement on those often used. They are 4 inches 
deep instead of 8 inches, and we regulate our discharge with 
different size chucks. With the usual mortar box the discharga 
cannot be kept constant without continually taking out the dies 
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308 Inside and Outside Amalgamation 

and packing them, which causes considerable loss of time, i.e. 
unless a 6·inch discharge be given. 

With 4·inch deep mortars, we use 6-inch dies instead of 7-inch 
ones. I find that a 6·inch die will wear out a 12-inchshoe, and 
this is certainly better than to have 2 or 3 inches of the die left 
when the shoe is worn out, which often happens when a 7·inch die 
is used. If 7-inch dies are used, either this 2 inches of die must 
be thrown away, or else new shoes must be used with old, 
unevenly worn dies. The lateral strain on the stem of the stamp, 
caused by the unequal bearing of the shoe on the die, often snaps 
the stem, and even if this does not happen, the stamp does less 
work than if new shoes and dies were put on together. At this 
point I should like to ask Mr Alexander why he varies the height 
of his discharge from 6 inches to 4 inches, according as his screening 
varies from 1000 to 600. ' 

Coming to the question of amalgamation, apparently Mr Alexander 
favours the idea of feeding a little mercury in the box every hour. 
I am strongly in favour of outside amalgamation. I consider that 
not a single advantage of imide over outside amalgamation can be 
urged, while many objections can be brought against the former. 
Against inside amalgamation I would have you consider the 
following -

(1) With inside amalgamation you flour your mercury and, 
consequently, a large percentage of it goes to the cyanide works. 
Mr Alexander admits that the loss of mercury incurred by this 
practice is about double that which results from outside 
amalgamation. 

(2) Amalgam is accumulated on the liners of the mortar boxes if 
the ore is rich. I have seen layers of amalgam as thick as a man's 
finger formed in this way. The objection which 1\lr Alexander 
urges against copper-plate amalgamation in the mortar box, when 
he says that it afforded an easy means of pilfering for Kaffirs and 
dishonest workmen, seems to me to tell very strongly against the 
method of amalgamation he. recommends. 

(3) With inside amalgamation hundreds of very small hard beads 
of amalgam collect on the blanketing of the screens and their 
frames. On changing these screens the amalgam beads fall on the 
plate, and, although the battery manager's orders may be that in 
every case they must be carefully taken up and put up in the clean
up pan, I venture to say these orders are not often adhered to. 
Then what happens is this. The new screens are put in place, 
water is turned on, stamps are dropped and the greater number of 
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Extraction on Amalgam Plates 

the beads wash off the plate into the mercury trap, and from there 
many of them go to the cyanide tank and finally on to the tailings 
dump. 

To verify my conclusions as to the fate of amalgam beads which 
stray into the cyanide tanks I took two beads, the combined weight 
of which amounted to 111'6 grains, and had them placed in an open 
top beaker containing a 3 per cent. solution of cyanide, the solution 
was frequently shaken, and at the end of seven days the beads were 
taken out and weighed. Their weight was 104'0 grains, thus giving 
7'6 grains as the amount dissolved. They were again placed in the 
beaker and after twelve days were again re-weighed. The weight 
was 99'2 grains. Then they were placed in the beaker again and 
after twenty-eight days their weight was 88'4 grains, i.e. during 
twenty-eight days the amount dissolved was only 23'2 grains, so 
that were the cyanide manager to give his concentrates as much as 
twenty-eight days 70 per cent. of the amalgam would still be lost. 

There are some members of this Society who will probably say 
that by inside amalgamation you save time to the mill, because you 
only need to dress plates once in eight hours. I contend, however, 
that the serious losses entailed in this process more than counter
balance the slight loss occasioned by hanging up the stamps for an 
extra quarter hour per day. Mr Alexander, I notice, recommends 
dressing the plates every four hours, so that with inside amalgama
tion there is no time saved if this be done. I have worked in mills 
where plates were dressed only once a shift, and then two minutes 
only were allowed. This, however, I do not consider amalgamating; 
it is simply rock-crushing. Even on out-crop mines, where the gold 
is coarser and freer and, therefore, easier to catch in the mill than 
the fine gold of deep level mines, we frequently see that the cyanide 
output exceeds that of the mill even with inside amalgamation. 
With outside amalgamation, treating the orA of the deepest gold
producing mine in the country, our extraction on the plates 
averages from 59 per cent. to 62 per cent., and we crush with 900 
standard screening 5 tons per stamp. We dress the plates every 
four hours, allowing five minutes or even more if necessary for each 
plate, since I consider that two men cannot properly dress a plate in 
less time than this. 

Referring to sampling, Mr AlexandAr says that inaccurate samples 
are responsible for more than half our troubles, which is certainly 
the case. I say these inaccurate samples are the outcome of inside 
amalgamation. I cannot see how a battery manager can get fair 
samples with this method. He certainly cannot get an accurate 
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3IO Sampl£ng at the M£!! 

sample at the screen, and if he depends on a handful of ore taken 
from the feeder he is liable to get something far above or far below 
the average. I knew of a case of inside amalgamation where the 
grade of ore was very low while the screen samples often ran to 
30 dwts. The consequence was that screen sampling was done 
away with since it never could be relied on. With outside amalga
mation a correct sample can be obtained. Our method is as follows: 
A sheet iron lip is bolted to the bottom of the screens and pro
jects outwards for about an inch. This carries the pulp clear of 
the screen. Each shift is supplied with a large enamelled bucket 
with a cover an'd an enamelled sample tin, 1 inch wide, 1 inch deep 
and 12 inches long, with a handle at one end. This tin is taken the 
'full length of the screen, up-der the lip, once every hour. Each 
shiftman looks after his own bucket, and the buckets are taken to 
the assay office and assayed separately each day. Each shiftman 
looks after his own tin, so that if the sample is carelessly taken I 
know who to blame. A sample tin of this shape answers well, for 
with it an accurate sample can be obtained and in small quantities. 
Of course this method of sampling would not be so good in some 
mills as in the Robinson Deep, for, as I have already mentioned, 
our mortar b\lxes are shallow and we regulate our discharge with 
chucks of various thicknesses, from! inch to 4! inches, and at all 
stages of the wear of the die we have sufficient room for the sample 
tin under the screen lip. 

By this method we get samples which differ but little from the 
actual extraction in a three months' test. Mr Alexander does not 
advise steaming plates because he considers the process buckles 
them. I do not approve of steaming plates so often as once a 
month, which is the general rule, but not because of the buckling. 
I have known plates steamed each month for years and they are as 
level now as when new. The reason why I do not approve of 
steaming every month is that on these occasions nearly all the 
amalgam is taken off the plate, and amalgam on plates will catch 
free gold better than copper plates merely with silver. I think 
that the most satisfactory method of treating the plates is to steam 
them, say, once in four months, and then to take only two-thirds of 
the amalgam off. Taking as much amalgam as possible off the 
plates, and having the copper plate only silvered, accounts for the 
extraction in the mill often being 2 per cent. or 3 per cent. lower 
f9r the first week in each month. Leaving some amalgam on the 
plates would keep the extraction at the beginning of th~ montp, :1~ 
p,i~h as that at the enQ, c· 

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
)



Position of the Mtll z"n Gold Mz"nz"ng 3 I I 

Mr C. Dixon - We have so often heard in this room that 
whilst cyanide men have always plenty to say on cyanide 
questions, millmen cannot be induced to come forward and freely 
discuss their branch of the profession. N ow, it cannot be denied 
that if one runs through the transactions of this Society since its 
foundation, we find milling subjects have only very occasionally 
come under discussion, and then only as side issues in connection 
with other papers. 

By the unselfish and whole-hearted way members of this Society 
have discussed the cyanide process, and helped each other by inter
changing ideas and making known the results of experiments, etc., 
we, as a Society, are now looked upon all over the world as authorities 
on the cyanide process, and I feel sure that now our millmen have 
a paper before them, that forms an excellent foundation for the 
introduction of a long, exhaustive discussion on milling practices, 
they will seize the opportunity, as the cyanide men have done, and 
not allow the subject to drop until a complete record and treatise 
on "Rand Quartz Milling" practices has gone ~orth to the world in 
this Society's Journal. 

At this, I trust, very early stage of the discussion I do not intend 
to criticise Mr Alexander's able paper, but rather to supplement his 
paper by giving some results of experiments which I conducted a 
few years ago, and by suggesting and asking questions, which it 
seems to me we should discuss here ill order to put as much on 
record as possible of the present day" Rand Milling Practice." 

I think the day has ,now arrived, on these fields at any rate, when 
we are justified in looking upon the mill more in the light of a 
crusher than as an extractor of the precious metals, and the aim of 
the mill manager should, therefore, be to crush as much ore as 
possible, to the required fineness for subsequent chemical treatment, 
rather than to aim at a high mill extraction of the gold contents, for 
nearly all mining costs hinge on the capacity of the mill. It is 
seldom on these fields that a mill manager has any opportunity to 
conduct extensive experiments with his mill on a working scale, for 
our regular banket reefs enable a constant supply of ore to be sent 
to the mill, and, under normal conditions, every stamp is kept going 
at high pressure, but it has occurred to me that at the. present time, 
whilst many stamps along the reef are hung up w!1iting for Chinese 
labour, several mills could spare five or ten stamps for experimental 
purposes, and I sincerely trust this golden opportunity of experi
menting in the mill on a large scale will be seized upon before the 
Chinamen arrive and the opportunity is lost. It is, only by such 
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312 Experiments on Mill Crushing' 

experiments that we can hope to improve rapidly, and make, perhaps, 
some radical changes that would be of great importance to this 
industry. 

Whilst in New Zealand I had the opportunity-and support of 
my General Manager, Mr S. Severin Sorensen, also a member of 
this Society-for making a number of extensive experiments in the 
mill, and for several months we worked night and day at this 
experimental work, with a view of obtaining the highest crushing 
capacity possible, consistent with the desired product, for subsequent 
cyanide leaching. 

Tests were made for some time to determine to what extent the 
quantity of water used in the boxes, the drop and speed of stamps, 
height of discharge, etc., influenced the sizes of ore crushed, and the 
results of some of these tests form an interesting guide to those who 
may conduct similar experiments on the Rand, where, I may say 
en passant, the conditions are more favourable for such experiments 
than on any other goldfield that I know of, as the nature of the 
banket ore varies only to a very slight extent, compared with the 
ore mined in other parts of the world. 

For the present I give results of four series of experiments. 
Details as to ratio of water to ore, speed and drop of stamps, 

actual height of discharge (i.e. from surface of dies to lowest point 
of screen discharge) are given with each series, and require no 
further explanation, although I should like to remark that the ore 
I was experimenting on sometimes varied greatly in its nature and 
hardness, and the results, therefore, are perhaps not so valuable a 
guide as experiments would be if made on similar lines on the 
regular banket ore of the Rand. 

I might add that the ore was generally hard, and the average 
crushing capacity of stamps was only 2'25 tons (of 2240 Ibs.) of ore 
per stamp per diem. 

EXPERIMENTS-SERIES No. lA 

Average size of ore fed into boxes about 2-inch cubes; stamps, 
900 Ibs; speed, 96; drop, 7 inches; discharge, 4~ inches; 30 mesh 
screens. 

Two 5-stamp batteries were used for this series, and samples taken 
from the lips of both boxes every half hour for twenty-four hours 
in each and every case. 
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Experiments on l/Jill Crushing 

Sizing results of crushed product. 
Ratio of Water used in 

boxes to the ton 0 f Remained Passed ore crushed. on l20-Mesh a l20-Mesh 
Sieve. Sieve. 

Per cent. Per cent. 
a. 8'0 : 1 43'7 56'3 
b. 6·75 : 1 41'06 58'94 
c. 4'8 : 1 37'52 62'48 

EXPERIMENTS-SERIES No. 2A 

Conditions the same as in No.1, with the exception that average 
speed of stamps in this case was 97 drops per minute. 

Ratio of Sizing results of crushed product. 

'Yater to ore 
used in Remained Remained Passed 

crushing. on 40-Mesh on 100-Mesh a 100-Mesh 
Sieve. Sieve. Sieve. 

Per cent. Per cent. Per cent. 

a. 6'7 : 1 14'35 40'15 45'5 
b. 5'8 : 1 11'l 38'05 50'85 
c. 4'7 : 1 12'45 39'5 48'05 
d. 3'5 : 1 9'0 35'6 55'4 
e. 2'7 : 1 6'6 33'5 59'9 

EXPERIMENTS-SERIES No. 3A 

Conditions same as in Nos. 1 and 2, with exception of speed, 
which in these tests averaged 98 drops per minute. 

Sizing results of crushed products. 
Ratio of 

Water to ore 
nsed in Remained on 40- Remained on 100- Passed a 100-

crushing. Mesh Sieve. Mesh Sieve. Mesh Sieve. 

--
Per cent. Per cent. Per cent. 

a. 6'3 : 1 9'57 32'55 57'88 
b. 5'9 : 1 2'21 27'87 69'92 
c. 5'4 : 1 - 29'97 70'03 
d. 4'3 : 1 - 28'9 71'1 
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Experz'ments on Mz'll Crushz'ng 

EXPERIMENTS-SERIES No. 4A 

Speed, 96 j drop, 6~ inches j discharge, 4 inches j 30 mesh screens. 
Twenty stamps were used for this series and samples taken from the 
lips of the four boxes every half hour over a period of twenty-four 
hours. 

Ratio 
Sizing results of crushed product. 

of 
Water Remained on Sieves. Passed 
to ore a 100-

used ill Mesh 
crushing. 40 60 80 100 Sieve. 

Mesh. Mesh. Mesh. Mesh. 
-

Per cent. Per cent. Per cent. Per cent. Per cent. 

a. 7·94 : 1 16·45 9·825 1l·375 16·775 45·575 
b. 6·39 : 1 12·75 10·875 13·2 19·6 43·575 
c. 5·55 : 1 9·0 9·5 1l·7 18·5 51·3 
d. 5·1 : 1 12·5 9·55 9·37 13·0 55·58 
e. 4·6 : 1 11-5 9·25 8·63 14·05 56·55 
f. 4·2 : 1 11-625 8·625 9· 14·6 56·15 

It will, I think, be conceded that the foregoing are fairly exhaustive 
tests and clearly demonstrate the influence the amount of water 
used in crushing has on the fineness of the ore crushed, for it will 
be observed that as the ratio of water decreased so the percentage 
o(fines or slimes increased. 

I am not prepared to say to what extent these experiments prove 
the influence on crushing as regards speed and drop of stamps, 
height of discharge, etc., for the reason before stated, viz. that the 
ore from the mine varied daily and sometimes to such an extent 
that any conclusions which I may be tempted to pronounce on these 
other points would not carry the weight necessary to establish what 
might be claimed. 

At another period experiments in quite another direction were 
conducted, and on rather novel lines-this time with a view of 
ascertaining approximately to what extent of fineness gravitation 
stamps crushed the ore beyond the controlling influence of the 
ordinary battery screening. 

Before going further, I will mention that for these various experi
ments we had 20 stamps wet crushing and 20 stamps dry crushing. 
The ore for the dry crushing stamps was dried in kilns, and 
the average capacity of these dry crushing stamps was from 
1·~5 tons to 1·6 tons per stamp per diem, crushing under 
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Expert"ments on Mill Crushing 31 5 

practically same conditions as the wet stamps as regards speed, 
drop, discharge, screen, etc., and, as already stated, the wet crushing 
stamps averaged about 2'25 tons per day. 

EXPERIMENTS-SERIES No. IB 

For the purpose of this experiment a )Jattery of 5 stamps was run 
on kiln·dried ore under the following conditions :-

Average size of dried' ore fed into mortar box about 1~-inch to 
2-inch cubes j stamp, 900 Ibs. j speed, 97 ; drop, 6~ inches. 

Tops of dies were level with bottom of screen discharge. 
The screen in this case was wire wove linch mesh or 16 holes 

to the square inch, and was merely used to prevent lumps of ore 
from being ejected from mortal' box. 

Before starting to crush ore was packed hard in mortar box flush 
with tops of dies.' 

Crushing was then started and in less than ten minutes stamps 
were hung up and the whole of the ore, which had come through 
the linch screen, was carefully collected and weighed-weight 
being 70 Ibs. 

The sizing of the 70 Ibs. gave results as follows :-
Per cent. 

l{emained on -f1f-inch mesh sieve 3'59 

" 
20-mesh sieve 15'703 

" 
30 

" 
7'428 

" 
40 

" 
7'931 

" 
50 

" 
'045 

" 
60 

" 
5'12 

" 
70 

" 
6'857 

" 
80 '183 

" 
90 

" 
6'423 

" 
100 

" 
1'783 

" 
120 

" 
2'697 

Passed a 120 
" 

42'24 

100'000 

Not only was the 70 Ibs., as above, collected from the outside of 
screen, but the screen was removed afterwards and all the ore care
fully cleaned off and collected from the inside of mortar box flush 
with tops of dies. 

The weight of ore so collected was 107'5 Ibs. 
This 107'5 Ibs. was (Llso Qlassified and thc sizing results wer(;l a,f;l 

fOllows ;-
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Gravitatio1Z Stamp 1I1i!! 

Remained on i-inch mesh sieve 
:l 

" 16 " " 
" l " " 
" 

20-mesh sieve 

" 
30 

" 
" 

40 
" 

" 
50 

" 
" 

60 
" 

" 
70 

" 
" 

80 
" 

" 
90 

" 
" 

100 
" 

" 
120 

" Passed a 120 
" 

Per cent_ 

11-279 
19-818 

3-43 
19-535 
6-043 
4-785 

-22 
2-657 
3-125 

-327 
4-562 

'819 
-856 

22-544 

100-000 

This experiment demonstrates that the crushing capacity of a 
gravitation stamp mill would be increased enormously if some 
ingenious inventor could introduce a system whereby the ore, when 
once crushed to the required fineness for subsequent economical 
metallurgical treatment, could be quickly separated from the coarser 
ore in the boxes instead of being crushed over and over again 
beyond the required limits as at present_ 

Perhaps we shall some day see in the mill what has already been 
done with great success on the sands and slimes plants-classifica
tion-by which I mean that instead of using a fine screen on the 
mortar box as at present, it might be possible to greatly increase 
the capacity of the mill as a crushing machine, by using very much 
coarser screens in the first instance on the boxes and by using more 
water in crushing-then classify this crushed product and recrush 
the portion that is still too coarse, either by rolls or ball mills, or by 
returning it again to a mortar box_ 

I make this suggestion as to a possible means of increasing the 
crushing capacity of a mill, hoping it will set others thinking in 
this direction, for it seems to me that the greatest scope we have 
for improving on the present day mill is to increase its capacity_ 
An extra ton crushed per stamp per day would benefit the industry 
enormously, for in round figures it would increase the gold output 
here by, say, 16 per cent_ 

Furthermore, if the ore, as soon as it was crushed to the desired 
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Requirements for Good Crushing Results 3 I 7 

fineness, could be classified in some such way as suggested, the 
percentage of slimes made would be reduced to a minimum, so that 
the extra cost to milling, by introducing some system in the direc
tion suggested, would be saved many times over by either doing 
away with the expensive slimes plant altogether, or, at any rate, 
greatly reduce its size. 

Whilst on the alluring subject of "suggestions," with a view to 
increasing the capacity of the mill, it may not be out of the way to 
point out that in many mills the rock breakers are not made to do 
their fair share, and more attention should be paid to the crushers, 
so as to get a uniformly small product for the stamps. The feeding 
of a mill is an all important factor for good work, and unless the 
ore from the crushers is small and fairly uniform in size, the feeding 
cannot be satisfactory. 

The size and quantity of ore fed into the boxes determines the 
all important difference between the nominal and effective drop of 
the stamps. Diminished size of feed permits reduced height of 
drop and this again allows of greater specd, which more than 
any other factor of the· battery itself, influences the output per 
stamp. 

Another important factor is the necessity for a well-governed 
mill engine, and one carrying no other load such as rock breakers, 
etc. Constant even running is absolutely essential to get good 
results from a mill. 

Before concluding these remarks I should like to put a few items 
before members, with a view of hearing them discussed, as I believe 
on many of these points we are by no means unanimous :-

1. What is the best material for shoes, dies, tappets, stems, 
and cam-shafts ~ 

2. Down to what thinness is it advisable and economical to 
allow dies to wear before throwing them out ~ 

3. vVhat is the actual consumption of shoes and dies per ton 
of ore crushed. 

(a) The loss in weight between new and worn shoes and 
dies respectively. 

(b) The original weights when new, and weights when, dis
carded. 

4. What are the best lubricants for use on the different parts 
of a mill? 

5. What is the average consumption or loss of quicksilver per 
ton of ore crushed ~ 
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Conservatism of Methods 

6. To what extent is cyanide now used on these fields for 
cleaning the plates 1 . 

7. What advantages are claimed for feeding mercury into the 
mortar boxes at regular intervals, seeing that it is 
generally agreed on the Rand that inside amalgamation 
is neither necessary or advisable? 

Mr H. R. S. Wilkes-It has always appeared strange to me that, 
from the cyanider's point of view, so little change of importance 
has been made in milling methods for many years. It is well 
known that the cyanide and milling departments, instead of work
ing together for the bcst interests of the mine, have often shown a 
tendency to ignore each others wants. 

Considering the undoubted, though inexplicable feeling of rivalry 
which has always cxisted between milhnen and cyaniders, and 
knowing something of the treatment which Mr Alexander, as an 
old cyanide man, must havc received, at least in the carly days, 
from the milling department, I must say that I am surprised 
at the moderation he has shown in dealing with modern milling 
practice. 

When amalgamation was practically the only means of gold 
recovery on the Rand, and the crushing capacity of the mill had to 
be subordinated to the most efficient performance of this operation, 
the arrangement of stamp mills at present in vogue may have been 
suitable. 

The cyanide process has, however, altered this condition of things, 
and crushing capacity is now the most important factor in milling 
efficiency, while amalgamation has to be regulated to suit, and is 
undoubtedly rendered less perfect in consequence. . 

Here, then, a revolution has taken place in the ethics of milling, 
whilst no corresponding change has occurred in amalgamating 
methods; is it obvious that no change is needed 1 

'Why not, for instance, remove the amalgamating tables from the 
battery and place them in the cyanide extractor house? 

A large number of new mills will be erected on these fields in 
the near future, and the majority of them will have to treat low 
grade ore, in which casc only high crushing capacity will ensur~ 
dividends, and as capacity is increased, the proportion of the gold 
contents of the ore recovered by amalgamation will decrease (if 
present methods are retained), surely a system of false economy, 
when the cheapness of recovery by mercury, as compared with the 
cost by any other reagent, is considered. 
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Centralisation of Work 

The cyanide works extractor house seems to me to be the most 
suitable position for the tables, for several reasons, the priucipal one 
being, perhaps, that if placed there the purely metallurgical work 
of gold recovery would be centralised, one official being responsible 
for the total output. 

The mill would then come naturally under the supervision of the 
mechanical engineer, the cyanide manager becoming metallurgist in 
charge, and having a say in the mill only in matters affecting the 
physical condition of the pulp supplied to him. 

The immcdiate benefits arising from this change would be: 
increased crushing capacity, more cfficient amalgamation, and 
centralisation of responsibility for all gold and extraction results j 
while in minor details such improvements would result as: more 
perfect sampling of mill pulp and no choking of classifiers. 

The capacity of the mill would be directly increased, as there 
would be fewer stoppages. . 

"\Vhen the operations of dressing, steaming, and scraping plates 
are considered alone, I do 'not exaggerate when I say that on a mill 
of 100 stamps, with a duty of 5 tons per stamp per twenty-four 
hours, 550 tons more a month would be crushed than would be 
possible at present. 

Indirectly, the millman bcing at liberty to givc undivided 
attention to his mill, it is fair to assume that the duty per stamp 
would be raised. 

When it is remembered that on a 100-stamp mill three hours of 
the millman's time, on each shift of eight hours, is, or should be, 
spent in dressing plates alone, it will be seen that the attention of 
the millmen is necessarily divided, and on a busy shift either plates 
or mill are sure to suffer. 

Amalgamation would be more perfectly performcd, because the 
flow of water could be better regulated and more evenly distributed, 
no scouring of the plates nor disturbance of amalgam, which now 
often result from bursting screens j operations in the mortar boxes, 
etc., would occur, indentations of, and damages to the plates by 
heavy tools would be prevented, whilst the tables need never stand 
as is now often unavoidable when lengthy operations in the boxes 
are necessary, and the risk of contamination by oil or grease would 
be greatly lessened. Mor-eover, the number of tables need not 
necessarily be the same as that of the mortar boxes, so that increase 
of the duty per stamp could be followed by increase in the number 
of tables, and the flooding of plates bound to occur (under present 
conditions) would be obviated, 
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320 Position of the Extractor House 

The advantages of centring responsibility for extraction and for 
the output in one official are sufficiently obvious. 

The difficulty of obtaining a fair sample of the screen pulp is at 
present great. It has to be done by the millman on shift, and he 
is often too busy to attend to it regularly. 

This sample, being taken as the basis of extraction results and 
calculations, is the most important with which the assayer has to 
deal. At present it often receives least consideration in the taking. 

The alteration proposed would admit of automatic sampling of 
the screen pulp, and more reliable data would thus be obtained. 

The extractor house being generally situated at the lowest point 
of the plant, the question of elevation may, at first sight, appear to 
be an obstacle in the way of this new arrangement. 

It would, however, be possible in the majority of cases, after 
passing the gravel catchers, to run the pulp into the tailing wheel, 
thence through the automatic sampler, and possibly a slimes elim
inator, to the tables in the extractor house, on a level above the 
precipitation boxes, sufficiently high to allow the pulp leaving them 
to gravitate back to the classifiers and settling tanks. 

The pulp, being taken from the level of the mortar-box dis
charge, it would not be necessary to increase the size of the tailing 
wheel. 

If the slimes could be separated before amalgamation witho~t 
carrying with them any coarse gold, the efficiency of the plates 
would be increased, since the pulp would be in an ideal condition 
for amalgamation, which would then be rendered nearly as perfect 
as in a mill crushing pure white quartz. 

Finally, if the cost of the extractor house would be increased, 
this should be met by the smaller cost of the reduced mill shed. 

DISCUSSION AT JUNE MEETING, 1903 

Mr K.. L. Graham (contributed)-Mr Dixon, in his criticism 
on Mr Alexander's very excellent and practical paper on "Rand 
Milling," appeals to millmen to give the Society the benefit of their 
experience, that a thoroughly exhaustive discussion may result .. 
I think the necessity for this will be generally admitted by the 
members of our Society, and-although not a millman-it is rather 
in this spirit than that of a critic that I enter the lists at alL" I 
believe that I am correct in saying that until Mr Alexander had the 
temerity to come forward no paper, purely on milling practice, had 
ever been submitted to this Society. I have heard it criticised in a 
disparaging tone as being merely a statement of well-known facts, 

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
)



Inside v. Outside Amalg-amat£on 

yet, to my own knowledge, the most extraordinary want of un
animity exists amongst mill men regarding these very facts, some of 
which appear to me to be vital questions in local milling practice. 
Since the inauguration of this Society the cyanide process has been 
subjected to continual criticism. New questions no sooner cropped 
up than they were discussed and settled, until, as the result to-day, 
certain general principles guide all cyanide men in conducting their 
work. To say that the same cannot be said of milling is to state a 
generally recognised fact, even amongst millmen themselves. 
Amongst the many controversial points raised by Mr Alexander, 
and subsequently emphasised by one or two of his critics, the 
most important, from a cyanider's standpoint, is the question 
of inside veTS1lS outside amalgamation. Personally, I have not 
the slightest doubt that unless the greatest care is exercised the use 
of mercUl'Y in the boxes has the direst effects on the screen sample, 
perhaps the most important of all samples, and on which all our 
figures are based; and it has always seemed to me that to work 
out our results to two or three places of decimals on a screen sample 
taken under admittedly unreliable conditions is mere waste of 
time_ For this reason alone it behoves millmen to settle the 
question finally, one way or another. Should the paper under 
discussion be the means of doing this, I think cyanidc men as a 
body would have much to thank Mr Alexander for: 

Some years ago-in fact, it is ancient history now-when the 
relative values of two rival processes, both largely used on these 
fields, was being much discussed by metallurgists, our late Pre
sident remarked, "That until one of our large companies was 
prepared to divide the pulp leaving the mill and subject it to ex
haustive trials under similar conditions, the respective merits of the 
processes would never be accurately ascertained." The suggestion 
was adopted with the result that the question was settled completely 
and finally. Could not the same course be pursued now in the 
matter of inside and outside amalgamation in one of our representa
tive mills. It seems probable that until this is done the question 
will remain unsettled. I understand that a trial of this kind 
was conducted on the Geldenhuis Deep Mine some years ago, a 
certain number of stamps being run on outside amalgamation 
only. Perhaps the battery manager in charge at the time would 
favour the Society with the results then obtained. Mr Alexander 
also states that the loss of mercury in mills where it is f~d into the 
mortars is double that resulting from outside amalgamation. If 
this statement is supported by figures, as I have no doubt it can be, 

x 
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Pot and Lead Smelting 

then here again we have a powerful incentive toward settling a 
'question which it seems should have been settled long ago. 

Mr A. H. Hartley (contributed) - Thanks are due to Mr 
Alexander for his laudable endeavour to draw forth the battery 
managers from their shell-like silence, for it is an anomaly that 
anything connected with batteries should be silent, not to speak of 
the danger of secreting one's self in a shell. I am afraid, however, 
that Mr Alexander was trying to prove if the shclls were explosive 
when he twitted the battery managers regarding the difference 
between actual and theoretical recovery in the mills. In face of the 
rather startling results revealed in the trial smeltings which took 
place at the Bonanza and Crown Deep Mines, and which have already 
been reported in the Society's Journal, the battery managers would 
certainly be entitled to exclaim" Tu quoque!" to their friendly 
critic, and to other cyanide managers. 

It may be diverging from the main question under discussion 
to revert to the subject of smelting, but it is, after all, the same as 
Mr Alexander has raised in his paper, viz. that of actual and 
theoretical extraction. 

Our President promised to have some experiments made with a 
view to locating the supposed losses in the sulphuric acid and pot 
smel~ing process, but up to the present the only figures I know of 
are those which were given by Mr Alfred James in a paper read 
before the Institution of Mining and Metallurgy, London, in 1897. 
His general conclusion:,; from experiments made were that there was 
a total loss of 0·83 per cent. in the three stages of roasting, sulphuric 
acid t,reatment, and melting, but found the losses in some cases to 
be much higher, according to the amount of handling the gold 
slimes received. 

I believe Mr Caldecott also made some experiments and found 
that roasting, sulphuric acid treatment, and pot smelting could, with 
care, be carried out without any greater loss than that sustained in 
the lead smelting process. 

In results published of seven months' work on the Luipaardsvlei 
dry crushing plant, where tonnages and assays appear to have been 
recorded with great accuracy, it would appear that the theoretical 
and actual recoveries agreed to the fraction of an ounce, not only 
for the full seven months, but for each month of the seven. These 
results were got by the ordinary pot method of smelting. 

Most people who have experience of cyanide works will admit 
that if assays and tonnages are absolutely correct, the actual 
recovery will be somewhat less than the assays call for. If, however, 
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Battery Screening 

there has been a loss of from 4 per cent. to 7 per cent. in the past, 
as the trial smeltings at the Bonanza and Crown Deep Mines would 
seem to prove, have the assays shown it ~ I think not! Discre
pancies in assays would not account for such a difference, for these 
would be varying, plus and minus. 

If in the past the assays have not shown a loss of from 4 per 
cent. to 7 per cent., do they now show a gain to that extent on the 
mines that have adopted the lead smelting process ~ Until some of 
the mysteries created by Mr Tavener's method of reducing zinc
gold slimes to lead bullion have been cleared up, the battery 
managers, I think, can afford to remain in dignified silence re
garding this particular point raised in Mr Alexander's interesting 
paper. 

Mr H. T. Durant (contributed)-I should like to make a few 
remarks on the points which have been opened up by Mr Alexander's 
most instructive paper, not so much with the intention of criticising 
as with the intention of eliciting further information from Mr 
Alexander and others who have had large experience in milling. 
With regard to the battery screening used: when the statement is 
made that a certain mill uses, say, 700 light screening, it seems to 
me that such a statement conveys no definite information unless one 
is conversant with each and-everyone of the attendant conditions. 
It is possible, as Mr Roskelley shows, to obtain, at the expense of 
the stamp duty, just as fine crushing with a 400 screen as with a 
700 screen; in order to obtain these conditions it is merely neces
sary among other things in the case of the 400 screen to reduce the 
quantity of water or heighten the discharge-one or both. 

The following data from actual running on similar ores would 
illustrate the point, if such illustration were needed :-

Tons of Water Percentages of total 
per tons 0 fOre Ba ttery Screen. Battery Tailings 

milled. passing a 60 Screen. 

6 400 74·5 per cent. 

S 700 69·4 
" 

Experimental work is often reported as having been carried out 
on ore crushed to pass a certain screen. I think it would be far 
more to the point, if, instead of mentioning any special screen, the 
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, Stam,p Duty 

crushed ore were classified, it could then be stated that the ore was 
crushed in such a manner that certain percentages passed certain 
screens. 

To take a concrete example: a certain battery crushes to a 300 
screen and the conditions of crushing are such that-

59'6 per cent. passes a 
36'4 
-i'0 " 

" 
" 
" 

3600 screen (square measure), 

900 " 
300 " 

" 
" 

" 
" 

The above figure would, on sight, hardly be considcred as indica
tive of work on a 300 screen, but they are correct, they represent a 
battery used as an amalgamating machine, and not one used 
primarily and principally as a crushing machine, and followed by 
cyanide works able to catch economically the bulk of the gold 
passing the plates. 

With regard to inside amalgamation, I have seen at least one case in 
which the values in thc slimes were increased due to thc use of inside 
amalgamation, and this might fairly be considered possible. 

With reference to battery sampling, Mr Roskelley has pointed 
out the accuracy of the screen sample when there is no inside 
amalgamation; the screen sample, however, does not necessarily 
represent the ore entering the battery, at least it does not do so 
where there is any appreciable quantity of coarse gold caught up 
in the mortar boxes. 

'With regard to stamp duty, in a paper read before the Institute 
of Mining Engineers iu September 1901, Mr Edward Chester 
:iemonstrates practically that by running a battery on hard quartz in 
two series the stamp duty could be 6'27 tons per stamp per twenty
four hours when using a 900 screen on the battery forming the 
second series. In this case the battery forming the first series had a 
100 screen, and that portion of the crushed product which would not 
pass a 900 screen (constituting only 13·7 per cent. of the total) was 
re-crushed in the battery in the second series through a 900 
screen. 

As Mr Chester points out, low stamp duty is caused by carrying 
on what should be two or more operations in one operation, and 
this will be readily appreciated when the necessity of, and advantage 
from, running rock breakers in series is considered. 

The situation of the amalgamating plates is discussed by Mr 
Wilkes. Doubtless the gold should be centralised,but he raises a 
rather important point when suggesting that the slimes should be 
removed before amalgamating-this would in many cases result in 
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Slimes and Amalgamation 

increased values in the slimes/which would be fatal in cases where, 
after amalgamatiop, the slimes do not pay to treat. 

And where, after amalgamation, the slimes do pay to treat, it 
would cause an increased capacity in slime plant where the'decanta
tion method is used, but not so where filter presses can be 
successfully employ cd. 

The assay value of slimes before and after amalgamation is some
times interesting, and though the value of slimes (as distinct from 
tailings) after the plates is a quantity always well looked after, I am 
not aware of even having seen any figurcs showing how much gold 
is actually extracted on the plates from the slimes. 

I give below two examples representing the avcrages of many de
terminations on two different mills crushing widely differing ores :-

Mill A.-Value of slimes before plates 15 dwts. 

" " "after" 1'7" 
Mill B.-Value of slimes before plates 4 " 

" " "after" 2'25" 

It is clear that at least in the case of Mill A, were the slimes 
not amalgamated, it would have been necessary to erect a slime 
plant. 

Mr E. J. Lawrence-Mr Alexander tells us ,that" crushing the 
maximum quantity of ore to a determined degree of fineness is 
undoubtedly the first consideration of millmen on these fields." 
With this statement I think most of us will agree, he gives us the 
chief factors which control the crushing capacity of a mill-" \Veight 
of stamps, speed, length of drop, height of discharge and quantity 
of water "-for a given mesh screen; to them, I think, he might 
have added inside width of mortar, and perhaps also the angle of 
inclination of the screen. Most authorities agree that the greatest 
defect in the stamp mill as a crushing machine is in the discharge, 
the pulp cannot escape from the mortars as fast as it is reduced to a 
fineness that will pass the screen and is again crushed, and con
sequently slimed. 

It is a well-established rule that fast speed, short drop, heiwy stamps 
and low discharge are in favour of fast crushing and a minimum pro
duction of slimes. 

The crushing power of a stamp depends upon its momentum-
mass by velocity. 

The power required to lift a stamp varies directly as the height 
to which it is lifted; ,but the effective force developed varies only 
as the square root of that height, so that power is most economically 
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Crystallisation of Steel 

used when the weight of the stamp is as great and height of drop as 
small as practice will allow. 

It. has been stated that a 900-1b. stamp with a 6-inch drop is 
sufficient to crush the hardest rock; with a 1250-1b. stamp, 4-inch 
drop, would give roughly a blow of equal force. 

I should like to ask Mr Alexander if he has any figures leading 
to his adoption of 8-inch drop for a 1250-1b. stamp. A comparative 
test of the above against a shorter drop with higher speed in pro
portion would be of great value. 

Speed, of course, depends on length of drop and the distance 
between the axis of the stamp stem and cam-shaft. The theoretical 
limit of speed can never be attained in practice, as the stamp must 
always remain at rest for a time upon the die, before the next lift 
commences: the minimum interval of rest is one-tenth second. 
Greater speed would undoubtedly give greater discharge capacity. 

But I notice Mr Alexander brings up the question of increased 
speed and consequent greater vibration causing crystallisation of 
stems, etc_; it has not been proved that vibration causes crystallisa
tion. Mr H. M. Howe, one of the greatest American authorities 
on iron and steel, after exhaustively examining the evidence on 
the subject, gives the verdict" not proven" (see Howe's" Metallurgy 
of Steel," page 196). Dr Percy also tried to find evidence of it and 
failed. Of course we all know that stems do break and with a 
crystalline fracture, but that is no evidence that vibration is the 
cause. The fracture of a new iron bar can be made to appear 
crystalline by the condition of the fracture. If the vibration 
theory was right, the stems ought to break at the point of 
maximum vibration, i.e. in the middle, but they generally break 
just above the head-one of the points of minirmvm vibration but 
of maximum stnss. 

High discharge-6 inches for instance. There is one point with 
regard to this I should like to hear discussed. With a high 
discharge you have a protecting cushion of more or less finely 
crushed pulp over the ore on the die, which deadens the effective 
blow of the stamp, and the particles are at the same time abraded 
and more than crushed as they are forced from under the falling 
stamps. A microscopic examination of the sands from high and 
low discharge is instructive. 

In conclusion, I venture to make the assertion that if th!3 millmen 
of our Society will come forward and discuss this subject in the 
same scientific spirit as the cyanide men have, we should shortly 
see 7 tons instead of 5 tons given as the duty per stamp per diem. 
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Vanners and Amalgamation 

DlSOUSSION AT JULY MEETING, 1903 

Mr A. M. Day (contributed)-Now that the Society is turning 
its attention to quartz milling and discussing ways and means of 
extracting a larger percentage of gold by amalgamation, I think 
that it may interest many of the members to have brought to 
their notice an appliance for a still further increase of output in 
the mills. 

During 1892 and 1893 I was running fifteen vanners on the 
Nigel Mine, and after running those machines for some time they 
were discarded as being unsuitable for the ore. It occured to me 
that by removing the rubber belt and substituting copper plates, 
still retaining the side-shake, a large quantity of gold might be 
caught, which otherwise would 'pass away in the battery pulp, 
for treatment by the cyanide process. I fitted up five of these 
tables, over which I passed the pulp from thirty stamps, with 
results as shown in the following table :-

Period. 
1893. August 

September 
October 
November 
December 

1894. January 
February. 
March 
April 
May 
June 
July 
August 

Total 

Amalgam 
ozs. 

863~ 
1,321! 

467 
991i 
464 
431 

2,810 
1,451 

905k 
682! 

1,151 
776k 

1,768 

14,082i 

(taken from the 
five tables). 

An average of 
10830zs. 

Amalgam or, 
roughly, 300 ozs. 

Gold each 
month. 

The advantage gained by the use of these tables is obvious, for 
while on the stationary tables the particles of gold travel over the 
plate for a distance of, say, 12 feet, the same particles of gold 
in their zigzag movement down the shaking tables would have 
the opportunity of travelling over a distance of at least 40 feet, 
are retained on the table for a longer period, and their chance of 
capture is consequently greater; not only so, but the gold, becoming 
more or less burnished by the oscillation, will more readily adhere 
to the amalgamat~d surface .. 
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328 Data .from Mz"llz"ng Department 

I discovered by practical tests that by increasing the velocity of 
the side shake a larger percentage of amalgam was obtained. 

I am sorry that, the distance between Nigel and Johannesburg 
being so great, I am prevented from being present at the meetings 
during the discussion on Mr Alexander's paper on "Quartz Milling," 
but trust that these notes will be of interest and be the means of 
bringing forward a little discussion on the subject of shaking tables. 

Mr A. L. Edwards (contributed)-In his criticism of Mr 
Alexander's paper on " Mill Practice," Mr Roskelley has afforded us 
valuable fo)d for reflection; but, like "Oliver Twist," we "want 
more," and perhaps Mr Roskelley could be persuaded to give us 
data, or, better still, provide us with a set formula! (within 
reason) for obtaining the best possible product for cyaniding, from 
the milling department, say, for instance;-

The rate of feeding ore into the mortar box. 
The best size of cube that the stone crushers should· be made to 

produce. 
The quantity of water to be used per stamp per twenty-four 

hours, in order to efficiently carry away the crushed rock, 
and yet at the same time allow sufficient time for practically 
every particle of the pulp to come into contact with the 
silvered surface. 

'Whether it has been found necessary to increase or decrease 
the flow of water accordingly as the specific gravity of the 
ore has risen or fallen. (Mr Franklin 'White read a paper 
some little while back on" The Specific Gravity of the Rand 
Ores"; perhaps this paper would help Mr Roskelley.) 

The angle of inclination for guidance in setting up a table, due 
regard being had to the 'fact that the incline should be 
sufficient to carry off all thc pulp, yet only at such a rate as 
will allow every particle of the pulp to be brought into 
intimate physical contact with the surface of the plate. 

Whether the addition of lime to the ore has in any way 
affccted the efficiency of the plates. 

I feel certain that Mr Roskelley will considerably amplify our 
knowledge if he could be induced to give us his opinion on the 
several points tabulated above. 

Mr Roskelley's remarks about the deflowing of the mercury by 
inside amalgamation will be readily endorsed by those who have 
had exp~rience of the methods employed; the advantages (so 
claimed) of inside amalgamation are absolutely nil, whilst the 
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Inside A malgamatz'on 

disadvantages are many. One of the so-called advantages of inside 
amalgamation is that there is less danger of Kaffirs or dishonest 
workmen stealing amalgam. The retort is obvious. Why allow 
Kaffirs to mess about the boxes or tables 1 As to the dishonesty of 
the amalgamators, I for one distinctly refuse to believe in the 
genuineness 'of this charge. Take the records of these fields for the 
last ten working years, and it will be found that the number of 
millmen who have betrayed the trust reposed in them has been 
infinitesimal, and I am certain that the general charge of dishonesty 
cannot be seriously supported against millmen. Again, here it 
could be said that, supposing that dishonesty did prevail, surely it 
could be prevented in ninety-nine cases by paying the men accord
ing to their responsibility, and providing thorough supervision. 

As to the disadvantages of inside amalgamation their number 
is legion: the great loss of silver, put at 100 per cent. by Mr 
Alexander; the large number of small globules of amalgam forced 
through the screen by the splash caused by the impact of the shoe 
on the die. These small globules are water borne over the plates, 
and consequently lost to the mill. From the foot of the plate they 
in turn are carried on to the concentrating machine, aud there 
small particles of amalgam adhere so tenaciously to the surface of 
the machine as to render their removal an absolute impossibility. 

Would Mr Roskelley advise the general adoption of a low 
discharge for mortar box 1 His contention has many points in 
favour of it. I see that Mr 'Wilkes fully endorses Mr Roskelley's 
contention. 

DISCUSSION AT AUGUST MEETING, 1903 

Mr P. S. Tavener-I did not intend discussing Mr Alexander's 
paper this evening, but the discussion shows a tendency to draw to 
a close. It has been stated that this is the first paper on the subject of 
milling that we have had read during the life of this Society. I am 
sure that it is regretted by all present, and now that we have had 
the subject brought forward we cannot let the opportunity of ex
changing views pass. Millmen have not in the past shown a 
marked interest in the proceedings of the Society, and the loss of 
their valuable experience and opinions has resulted in much of the 
good work of the Society being retarded. With their help we 
should be nearer that much-desired 5 per cent. better extraction, 
and it is holding this view that I rise to make a few remarks, and 
so prolong the discussion of Mr Alexander's paper, trusting that 
!llillmen will come forward and thrash thi" matter out. '!'O help 

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
)



330. jl1ill and Cyanide Recovery 

this much-to-be-desired result I am going to bc bold and to accuse 
millmen' of lack of interest, not as regards actual milling, but what 
appears to me equally important, perhaps more important. It is 
what this Society always has in view, i.e. the best possible per
centage of gold recovery. In throwing this challenge out to 
millmen I am sure that they will not let it pass. They cannot. 
If they do, then it must be accepted as true. Personally, I feel it 
cannot be. The cyanide works being behind the mill would 
perhaps help to make mill men less careful of gold passing the mill, 
under the impression that the cyanide works will recover it. 

Another reason, I believe, accounts for lack of interest. Millmen 
are not taxed with a theoretical and an actual output. The millman 
is at peace with all the world so long as he is doing big duty and 
has no stoppages. If he had a chain round his neck with a heavy 
weight at the end of it labelled" daily residue," "theoretical and 
actual output," to drag about every hour of the day, as cyanide men 
have to do, I should not be in the unpleasant position of throwing 
this accusation at them. In discussing theoretical and actual, it will 
probably be said that it is impossible owing to the difficulty of 
sampling. Mr Roskelley has shown us that this difficulty can be 
overcome; and I am convinced that once this method is adopted, 
and the mill is called upon to account for the gold. according to 
assay results, the millmen will soon find means of taking accurate 
samples, and see that their tonnage is correct, and I should expect 
that daily free milling assays will be made, not occasionally for 
curiosity. In fact, what is desired is that the mill should look upon 
the cyanide plant· as a residue dump, in the way that the cyanide 
works look upon their dump, and not allow any gold to go there if 
possible. Let them remember that a grain of gold that is recover
able in the mill, if allowed to pass on ,to the cyanide plant, is then 
only 85 per cent. of a grain, for that is all we can expect to 
recover. 

I am of opinion that, if we are to obtain that much-to-be-desired 
5 per cent. extra recovery on the value of the ore milled, it is the 
mill that will be the means of accomplishing it. Whether the gold 
is finally won on the cyanide plant or not, it will still be the 
mill that brings the result about, for it will be due to a better 
product reaching the cyanide plant, thus allowing better recovery. 
In modern cyanide plants, where there is ample capacity, it can be 
claimed that nearly all, if not all, the accessible gold is dissolved, 
and in plants to be erected in the near future provision will be 
made t? ensure this. Accepting this as a fact brings us to a point 
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Treatment of a Concentrate 33 1 

where there is little hope of any great improvement under present 
conditions, but under changed milling conditions there is a very 
promising future. To illustrate what I mean I give you the 
history of a concentrate residue . 

. During the war the Boer Government worked the Bonanza 
cyanide plant and, on the occupation of the British, the tanks 
were left full, and treatment was completed on behalf of the 
company on my return to the mine in July 1900. A wooden 
vat, containing coarse sand and concentrates, was sampled, and the 
residue was found to be 3·5 dwts. Potassium cyanide solution 
was circulated continuously through the vat in order to prevent 
the wooden vat from drying and opening out. In the following 
November the vat was again sampled, and the result was found to 
be practically the same. 

It was again sampled when discharged in August 1901, it still 
having been under solution, and the value was still the same. I 
used this residue as a filter for slime solutions, and for another 
four months solution carrying 0·02 per cent. Potassium cyanide 
was constantly filtering through; and yet, 011 again sampling, 
approximately the same value was found. In all, this residue had 
been treated from May 1900 to December 1901 without improved 
extraction, a proof that none of that 3·5 dwts. could be recovered 
by a solvent unless the imprisoned gold was released. Further, I can 
state, from a great number of residues investigated, that without 
exception, after panning off the sulphurates, the coarser the particles 
the higher the gold contcnts; but this law does not hold good with 
originals, in which it is not unusual that the finest portions will 
give the highest assay value. 

Under present conditions millmen are urged on and pitted one 
against another to smash as big a tonnage through as possible with
out consideration as to the effect on gold extraction. "\Ve want to 
learn whether it is not more profitable to mill less, crush finer, and 
whether the extra recovery resulting from this change would not 
more than pay for extra stamps to make up for decreased tonnage; 
or the point that has been discussed for years, and has recently 
been brought before us here in Mr Chester's and Mr Denny's 
papers, and also mentioned by Mr Roskelley, viz. re-crushing the 
coarser portion of the sands. There are so many points from which 
this phase of the subject can be discussed; for instance, would it 
be better to take the pulp leaving the mortar boxes and pass it 
direct to a grinding machine, or to separate, by means of classifiers, 
the particles requiring grinding, before amalgamatiol1 or afterwarcl$ ~ 
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33 2 Flourz"n;r of Amalgam 

It would appear to be better to do so before, for, if donc afterwards, 
the re-ground portion would have to pass over the plates for the 
second time. Is it not likely that it is the coarser particles that 
help to scour the plates? 

Regarding mercury losses and flouring of amalgam, a very int~r
esting fact has come under my notice. It happened in a mine 
where inside amalgamation is used. The pulp leaving the mill is 
lifted by a pump 40 feet in a vCl'tical column and then passed on 
to the usual spitzlutten, from their over-sand spitzkasten, across a 
large return sand spitzkasten, and so to the slime separator spitz
kasten. Small cast-iron hollow plug valves arc used for the dis
charge of this slime spitzkasten, and they arc continually getting 
choked up with hard, bright, clean amalgam. Some of this chipped 
off the valves was found to contain 22 per cent. of gold. Also in 
the slime tanks Peat valves are used, and twice since the war they 
have been renewed owing to mercury amalgamating with the 
coppering that faces the valves, thus rendel'ing the copper so brittle 
that it breaks away and the valve cannot be kept from lcaking. 
Now, it seems an extraordinary fact that amalgam should be able 
to travel so far and pass or float across spitzkasten that will settle 
the smallest and lightest pal'ticlcs of sands. In connection with 
this, in the first spitzlutten, where one would expect all the mercury 
to be caught, although mercury is caught in an appreciable 
quantity, this carries little gold-no more than 2 per cent. The 
explanation of this, I suggest, might be that the mercury caught 
in the spitzlutten is mercury that is washed or split off the plates 
during dressing, and the amalgam found on the slimes plant is 
floured amalgam. ViTith my very limited knowledge of milling 
I should not like to express an opinion as to the cause of the 
amalgam escaping in the finely divided state, but I would value 
millmen's opinions on this interesting fact. I often wonder that 
no means have been tried or experiments carried out to attempt to 
prevent this loss. Perhaps they have, but I am not aware of it. 
The very primitive mercury trap in general use cannot bc con
sidered the only possible means of dealing with this. Mr Day, 
of the Nigel Mine, tells us of a most interesting fact in con
nection with this matter. By using his discarded vanner for the 
purposc, he shows a recovery in thirteen months of l4,082i ozs., an 
average of 1083 ozs. per month, equal to 300 ozs. gold per month. 
It almost looks from this that even the expensive vanner plant 
might give a good return on the money for equipment on a mine of 
twenty years' life. I think, however, that mill men may be relied 
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Variations in Crushing 333 

upon to find means to prevent this loss as soon as they realise the 
nccessity. I call these" losses," for gold in the form of amalgam in 
thc cyanide plant is only to a vcry limited extent attacked by 
potassium cyanide solutions. 

It is to the advantage of thc cyanide plant that millmen should 
use every endeavour to kcep the mill at a constant weight, not at 
one time heavy and at another time light. Cannot renewal of 
shoes be arranged so that the mill shall at all times be of a regular 
average weight 1 In connection with this, I have fomid that the 
product reaching the cyanide plant from a heavy mill is different 
from thc product when the mill is light, although using the same 
screening. With the mill heavy there is a higher percentage of 
coarse particles. This, I know, accounts for some of the otherwise 
inexplicable difference in residue values on the cyanide plant. 
When there is found suddenly an increase in value of residues, 
there being no change in the ore milled, on investigating the 
residue to determine where the gold is, in my experience this will 
generally be the cause-the product will have changed. 

I should like to know from millmen whether they have any ex
perience of counter-weights being fixed to the stems to make up for 
wear and tear of shocs. Has this been tried ~ It seems feasible. 
Could not a quick way of fixing varying counter-weights on the 
stem be devised ~ If not, why ~ I believe a shoe in its first week 
of life will crush, say, half a ton per day more than in its last week 
of life. If this difference is due merely to loss of weight then a 
great gain could be attain cd by adding counter-weights to make up 
the difference. 

Another question of importance to the cyanide works is the 
varying quantity of water used. I know of a case where the 
cyanide men knew who was on shift in the mill by the quantity of 
water used. One man in particular used water so much in excess 
of his fellow shiftsmen that when he was on duty the launders were 
always flooded and overflowing. It seems to me that there must be 
a correct quantity, and too much might mean a serious loss to the 
mill, and too little, loss of efficiency. Mr Harland, of the Robinson 
Mine, has a very simple system j in fact, so obvious, that I cannot 
understand why it is not universal in mills. He has two valves to 
the mortar box and a steady head of water to the mill. One valve 
is set by him to the correct amount of water and afterwards never 
touched. A shiftman shutting off water for dressing plates or other 
cause merely closes the .second valve, which completely shuts the 
water off j and on re-starting the battery all he has to do is to open 
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334 Quantity, of Water at the Mill 

this valve. The valve in front being always set, there is no waste 
of time by men standing adjusting the quantity of water, and it 
is unnecessary to leave the adjustment to the shiftmen, each of 
whom may have a different opinion as to the correct amount, and so 
cause varying quantities. The objection to this variation on the 
cyanide plant is that the spitzlutten is set and depends to a great 
extent for classification on the volume of water passing through the 
machine. Varying quantities of water will, therefore, give varying 
percentages of sands classified. On the slime plant it is a great 
inconvenience, for, if using an automatic lime feeder, the machine 
has to be constantly adjusted. It is found that it is useless to add 
lime in excess of what will bring the pulp to '005 per cent. 
alkalinity. If the machine is adjusted to accomplish this at a time 
when a large quantity of water is being used, and later the water 
is diminished and yet carries the same quantity of slime, lime is 
being used without advantage, and 'so adds to the costs. Excess of 
alkalinity has also other serious disadvantages, which it is un
necessary to go into here. 

Another point I have noticed which, I think, will interest millmen : 
at times coarse pebbles in some quantity reach us, from the size of 
a pea, due to broken screens; and also, where inside amalgamation 
is used, these partly crushed pieces cscape out of the mortal' box 
when screens are off to allow of getting at inside coppers. These 
pebbles are then- washed off the plate and reach the cyanide 
plant. On sieving them from the sands I have found them of consider
ably higher value than the ore milled. The only explanation of 
this that occurs to me is that it is due to the heavy particles having 
scoured amalgam and picked it up in their journey across the amal
gamated plates. It would be a very simple matter to catch this 
product before reaching the cyanide plant and to return it to the 
mortal' box. If these particles rob the plates, it must also be re
membered that not only is there this loss of amalgam, but the 
cyanide plant will get but little recovery from these pebbles, the 
gold being imprisoned in such coarse particles that solution will not 
reach it. 

Men on the cyanide plant are naturally more familiar than mill
men with the product leaving the mill, for it is on this that the 
attention of the cyanide men is centred. Therefore we should 
endeavour to bring before millmen as much light as possible on this 
subject. The man in the mill has little or no opportunity of 
studying the pulp; he is confined to the mill, and his time and 
attention are fully occupied in keeping his mill and plates in order. 
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Screening and Recovery 335 

On the cyanide plant we see the product in all its separate con
ditions, and it should be our business to keep millmen informed of 
our observations. They will, I am sure, accept the information 
gratefully and with interest. Far too much has been made of the 
existence of rivalry between mill and cyanide works. What rivalry 
exists is good, healthy rivalry, and not a question of each working 
without consideration for the othcr. If such a state of affairs should 
exist, then it must be fatal to the benefit of the company concerned. 
One cannot work without the other, and both plants should have 
the same object in view-the best possible total gold recovery from 
the ore milled. As I before stated, I believe the millman has a 
more promising future before him than the cyanide man. Improved, 
changed conditions of milling are, I believe, the only means that 
will realise our ambition-another 5 per cent. recovery, bringing the 
total recovery to 95 to 96 per cent. as against our present 90 to 
91 per cent. 

In making these remarks I have laid myself open to be very 
severely dealt with by millmen. I am prepared to accept my deserts 
if the millman will only come forward and add to the interest of 
this Society'S meetings by giving us his much-needed and valuable 
assistance. 

Mr D. J. \Villiams-I would like to ask Mr J. R. Williams a 
question. What percentage was obtained in the mill in those 
days of the 1400 mesh? Was it much better to use a high 
screen? 

Mr J. R. Williams-The conditions were very different in those 
days-we had a highly oxidised ore. In one company I was 
connected with we had 75 per cent. recovery of gold in the mill. 
If we use a screen 600 holes to the square inch, you could not 
get more than 50 per cent. The condition of the ore has altered 
very much. You must arrange your screen according to the ore. 
Replying to Mr Tavener, Mr Williams said: With regard to the 
crushing power of our stamps, I am connected with twenty~three 
companies on the \Vitwatersrand, and the one which is crushing the 
most is the one which is crushing the finest; this mill has actually 
recovered in the battery: 63 per cent. 

Mr Alexander was of opinion that the indiscriminate use of 
mercury in the mills was largely accountable for the loss in our 
cyanide gold residue. 

Mr P. S. Tavener-\Ve catch an appreciable amount of mercury, 
but it only carries 2 per cent. of gold. I suggest that the millmen 
should endeavour to get an explanation of it. 
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.336 Treatment of SPitzlutten Sands 

DISCUSSION AT SEPTEMBER EXTRA MEETING, 1903 

Mr R. E. Hall referred to a remark made by Mr Tavener at 
the last meeting, who mentioned that a tank which had been left 
by the Boers had been treated for a long time with cyanide solution, 
but that no further results had been obtained from it. Continuing, 
Mr Hall said: I made a similar experiment myself some four or 
five years ago, and can confirm what Mr Tavener said. 

I treated a tank in what I considered a satisfactory manner-it 
was spitzlutten sands, running 10! dwts.; the residues were used 
in the slime plant as a filter. The filter tank is about 20 feet by 
30 feet, and about 2 feet deep. 

In this particular instance I wanted to know if I could get a 
better extraction by a longer treatment. 

The residues were placed in this filter about the beginning of 
January. They were treated there in as thorough a way as 
possible until June, alternately having a solution of potassium cyanide 
percolated through them, and then being run dry so that oxygen 
was present throughout. 

They were thus left for a period of six months, being 2 dwts. 
when they left the filter bed, the same value as when put in. 

This, I think, fully bears out the statement made at the last 
meeting, namely, that it was absolutely impossible beyond a certain 
point to treat sands to any advantage. I may repeat I tried this 
experiment with a set purpose, not by accident, and I a~ sure of 
the results. 

The President-You did not try the experiment of grinding 
them? 

Mr R E. Hall-No; they were simply residues. 
The President-"Yill Mr Melvill relate his experiences? 
Mr G. Melvill-The experience I had with the sands on my 

.return after the war? The solution was coming from the tanks. I 
found they were coming out tremendously high, some of them 
as high as· 21 dwts. to the ton. I could not account for it, but 
I quite agree with Mr Hall that you can only get a certain amount 
out of sand. I cannot account for why it should have been so 
rich, except that it may have settled at the bottom. I agree with 
Mr Hall that you cannot get more than a certain percentage out 
unless you grind it. 

DISCUSSION AT SEPTEMBER MEETING, 1903 

Mr W. Dowling-Whilst Mr Alexander's paper is still before 
the Society, I would like to ask whether screens could not be placed 
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Stamp Duty and Size of Ore 337 

at various points in the mill to catch all such material as is likely 
to choke the spitzluttd 

The amount of stuff, other than crushed rock, that is sent to the 
cyanide works is truly wonderful, and varies from oil feeders to the 
remains of amalgamators' meals. 

In some mills one finds arrangements made by which the floors are 
hosed down into the launder conveying pulp to the cyanide works. 

This arrangement, no doubt, enables the millman to keep his 
mill clean, but is very annoying to the cyanide man when he has to 
clear his spitzlutte of pieces of belt laces, chips, etc. 

The screens should be cleaned from time to time, and not pulled 
out and placed on one side when choked. 

Screens placed at the bottom of the plates would, if fine enough, 
catch a good deal of the uncrushed rock, at all events, the pieces as 
big as peas, complained of by Mr Tavener. 

Mr I. Roskelley-I did not intend discussing Mr Alexander's 
paper further, seeing there are at least a dozen other battery 
managers, members of this Society, who have not had their say, 
and who are far more capable of criticising and making suggestions 
than myself, but since Mr Edwards, of Barberton, has asked for 
my opinion on several points relating to milling, etc., I should 
like to make one or two remarks on Mr Tavener's speech, printed 
in the July Journal, and on Mr Denny's paper I feel obliged to 
contribute something further to the discussion. 

With regard to Mr Edwards' first question re rate of feeding ore 
into the mortar box, I am unable to give any definite answer to 
this question, since the rate of feeding in must depend on the rate 
that the crushed product passes through the screen. The feed 
should be kept low, and the discharge should also be low, say, from 
2 to 3 inches. The crushed ore brought to the mill should not be 
larger than 2-inch cubes, for on the size of the ore depends, to a 
great extent, the efficiency of the mill. This is a point to which 
not nearly enough attention has been given on these goldfields. 
The crusher is the proper machine for breaking up big rock, and if 
the work is not done there the damage done to the mill itself is 
almost endless: mortar boxes are choked, feeders get broken, and 
the duty of the mill is lowered. When the ore has been properly 
broken up before being brought to the mill the duty is increased 
by about a quarter of a ton per day per stamp. This, in a 200-
stamp mill, means an increase of about 50 tons per day j hence, 
taking the duty per stamp at 5 tons, proper crushing is equivalent 
to an increase of ten stamps. 

y 
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Quantity of vVater at the lV/ill 

Mr Edwards wants to know what quantity of water should be 
used per stamp per twenty-four hours. This, again, is conditional. 
It depends on the duty of the stamp, the mesh screen used, and 
the fall given to the plates. The following are the results obtained 
in the Robinson Deep mill under varying conditions :-

""ii; 
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110 in. per ft. 600 5'45 25'4 8~ins. 96 ')t· 
~21ns. 6 tons 

" 700 5'28 29'0 8.1. 
2 " 

96 2~ " 
6 

" 

" 
900 5'07 31'8 8~ " 

96 2~ " 6~ " 

" 1,000 5'06 35'3 7! " 
100 2~ " 

7 
" 

" 1,200 4'95 35'0 7! " 
100 2.1. 

2 " 7~ " 

The tons crushed and percentage of slimes collected are obtained 
from the cyanide works. 

, 
Referring to the use of lime. Should the plates show discolora

tion a littl.e lime may be used, but not otherwise. An excess of 
lime would, I think, affect the efficiency of the plates. 

Discharge.-I certainly do advise the general adoption of a low 
discharge, since I do not believe in inside amalgamation. I can see 
no reason why the pulp should not lcave the box immediately it is 
crushed to the requisite degree of fineness, and a high discharge is 
unfavourable to this since the pulp is splashed about the box in
stead of against the screen. Did I recommend inside amalgamation 
'I should favour a high discharge, since this splashing would be 
what I should aim at getting. 

Mr C. H. Pead-In contributing to the discussion on Mr 
Alexander's paper I am led to do so for two reasons: firstly, it is a 
subject that has been far too long neglected at our meetings, and 
all experience in connection with it should be of value; secondly, 
cyanide men have of late more fully realised the extreme impor
tance of the mill operations on the results of their own work, and 
they are, therefore, justified in airing their views and pointing out 
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Crushing and Cyanide Treatment 339 

where mill work causes them difficulties, even though they may be 
unable to suggest the remedies. 

At this stage of the discussion I will endeavour to avoid repeating 
what has already been pointed out by those who have preceded me, 
but I wish emphatically to state the fact that all our later ex
perience goes to show that the gold left in the sand residues is, 
except for a small, indeed, a very small portion, due entirely to the 
condition in which the pulp is received from the mill, for the gold, 
being enclosed in insufficiently crushed particles of pyrites, is, to 
quote Mr Tavener's happy expression, "not accessible." 

Mr Crosse has stated that all our gold since reaching the blue 
ground is associated with the pyrites. Mr Denny has shown that 
if the pyrites be crushed fine enough wonderful extractions may be 
obtained from them by cyanide treatment, and I fully endorse this 
statement. This being the case, it is inevitable that this fine 
crushing must by some means be done, and when it has been 
achieved the residue values, now ranging from 1 dwt. to 1·5 dwts. 
per ton on the Rand, will, I believe, be brought down to from 0·3 
dwt. to 0·5 dwt. per ton. 

As to how this fine crushing is to be done, there seem to be 
almost as many opinions as there are experts, but I think it will be 
generally admitted that the finer crushing of the pyritic portion of 
our rock is the point to be aimed at. 

From experiments made by Mr Crosse and myself at the East 
Rand Proprietary Mines-where the milling conditions are as follows: 
stamps, 1250 1bs.; drop, 8 inches to 8~- inches; discharge, 2 inches; 
screen, 700 mesh; speed, 98 drops; water, 6 tons per ton of rock; 
feed light-it has been found that, of the pyrites in the rock, from 
40 per cent. to 50 per cent. of it has been insufficiently crushed 
to give up its gold contents to anything like a complete extent, and 
that further crushing causes this inaccessible gold to be readily 
dissolved by the ordinary cyanide treatment. 

The proposition before us then seems to be to crush the pyrites 
as much finer as wc can contrive to do during the first crushing in 
the mortar boxes without unduly crushing the siliceous portion of 
the rock and without lowering the duty per stamp, to collect 
mechanically the pyrites which may still remain insufficiently 
crushed, to re-grind it to a suitable size and treat by cyanide in the 
ordinary way. 

Mr Crosse has often told me he would like to make the mortar 
boxes act as much like spitzlutten as possible, and I think he is 
right, but it is evident that they will never act ·thus while the 
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340 Screen£ng and Tonnage Crushed 

water is led into them at the top, and I believe if it were intro
duced lower down, even, perhaps, through the bottom, much better 
results might be obtained; of course the discharge would have to 
be considerably raised and a much coarser screen used or, perhaps, 
even none at all. In this connection it would be of the first im
portance that the water supplied to the mill came from a steady 
head tank through pipes of sufficient size to allow of effective 
pressure at any part of the mill, and the supply must not serve as 
a general main to provide water for other purposes besides milling. 
The results to be obtained by some such plan would, I think, be 
higher duty and more gold recovered. 

While on the subject of stamp duty, I notice Mr Alexander gives 
an instance where with lOOO-mesh screen and 6-inch discharge a 
duty of 5·5 tons per stamp per day is obtained, and Mr J. R. 
Williams mentions that amongst the companies with which he is 
connected the mill using the finest screen crushes the most rock. 
Do these gentlemen chance to refer to the same mill or are there 
two where these exceptional results are obtained 7 Also, I should 
like to ask if there is any special reason why with so fine a screen 
such an excellent tonnage is obtained, whether, for instance, the 
rock is unusually easy to crush, or whether some special system 'of 
milling not usually adopted on these fields is the cause of this 
success 7 I feel sure that either of the gentlemen I have mentioned 
will gladly assist us to an improvement, and, I think, we must 
admit that, as a rule, the use of finer screening has resulted in less 
tonnage being put through the mills. 

Mr Alexander also gives us the relation between 'height and dis
charge and size of screening, reducing the height as he increases the 
size of his screen. I cannot in the least understand how he arrives 
at his figures, for the reverse seems to me to be the natural order 
of things, unless the mill duty is to go all to pieces. For instance, 
keeping a uniform size of screen and raising the chuck block I shall 
expect the duty to fall more or less in proportion to the rise in the 
discharge, and with every increase in the size of the screen I should 
expect the duty to rise; therefore, I should have looked for a low 
chuck with a fine screen and a higher chuck with a coarser screen, 
whereas Mr Alexander advocates the reverse. 

-With regard to amalgamation, Mr Alexander advocates an un
rippled flow from start to finish over the plates. I know such a 
condition of things has been established on these fields, chiefly I 
believe, for convenience in work, but is an unrippled flow the best 
for amalgamation 7 It has often seemed to me that the pulp 
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Amalgamat£ng Tables 34 1 

travelling over so smooth an inclined plane does not turn over 
enough, and may easily bear up particles of free gold in such a 
position that no contact with the plate is possible. 'Ve can many 
of us remember the old-fashioned step plates, and these, I am told, 
are still used in Australia, and that the results obtained with them 
are excellent; perliaps, but for the introduction of the cyanide 
process, we should still be using them here. 

Mr Wilkes advocates removing the amalgamating tables to the 
cyanide works, and I fully agree with him, though not only for the 
reasons he gives, that they should be removed from the mill where
ever they may be located. In the first place, the mill is essentially 
a crushing machine, and should be regarded as such only; in the 
second place, the greatest improvement in amalgamation, an im
provement that may have the most astonishing results, will occur 
when classification of the pulp takes place previous to amalgama
tion, and when the tables are specially adapted in size, grade, and 
form to deal in the most efficient manner with the varying products 
produced. I do not propose to go into the details of the advantages 
of such a scheme on this occasion, but to give an instance, the 
excess water that is necessary to obtain a high stamp duty would 
no longer be a source of danger to amalgamation, and the duty and 
recovery would be simultaneously increased. 

Mr Durant quotes figures given in a paper of Mr Edward 
Chester's, where he says that crushing through a 100-mesh screen 
only 13·7 per cent. of the total product remained on a 900 (30 
linear) mesh screen. On the East Rand Proprietary Mines we 
have found that crushing through a 100-mesh screen with a 2-inch 
discharge the following results were obtained :-

Remained on 30 screen, 34·3 per cent. 

" "60,, 27·0 " 
" "90,, 7·7 " 

Passed 90" 31·0 
" 

These figures do not at all agree with those quoted by Mr Durant. 
In conclusion, I again desire to confirm what has already been 

stated, that the high values in the residues are the direct result of 
the mill work. Many experiments after treatment have shown 
that all the accessible gold has beim dissolved, and that only a 
more complete crushing will enable a better recovery to be obtained. 
I have heard it stated more than once, that of the gold the mill 
loses, only 85 per cent. may be expected to be recovered in the 
cyanide works, and millmen have been urged in consequence to 
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342 Relation oj Mill to Cyanide Work 

catch all they can on the plates. This is, I think, misleading, as 
any gold that is in a state possible to be caught by amalgamated 
plates, is also in a state to be easily and completely dissolved by the 
cyanide treatment. Naturally, the exception to this is very coarse 
gold, but since touching our deeper slopes coarse gold seems to 
have practically disappeared, and, in any case, is not the material 
liable to be lost from the mill through careless amalgamation; and 
I maintain that any such indifferent amalgamation will not affect 
our residues to anything like the same extent as imperfect crushing. 
By imperfect crushing I mean the incomplete crushing of the gold
bearing portion of the rock. 

Mr A. F. Crosse-It is becoming every day more and more 
evident that the extraction of gold must be considered as a problem 
in which the relation of the various factors must be considered in 
their relation to one another and not independently. 

The mill regulates the subsequent extraction almost entirely, and 
yet many millmen look to their duty per stamp per day as their 
chief concern, leaving the cyanide manager to get the gold as best 
he can. 

The two departments should be more under one management, 
as neither the millman nor the cyanide manager can get any gold 
which has not been freed or rendered accessible, as Mr Tavener so 
neatly put it lately. 

Mr Alexander talks about facilitating the passing of the crushed 
particles through the screen. N ow, my idea is that the mortar box 
should act as a sort of preliminary spitzlutte, crushing the gold
bearing pyritous portion very much finer than the barren pebbly 
portion, and this can be done by using a comparatively coarse 
screen and a high discharge without in any way reducing the duty. 
It is a misapplication of energy to crush hard silica containing no 
gold and leave the auriferous pyrites uncrushed. 

I cannot understand Mr Alexander's statement about the duty 
per stamp per day being 1 ton higher with a lOOO-mesh screen in 
one place than in another with a 700-mesh. Under otherwise 
similar conditions there must be some unconsidered factor which 
has influenced the result. 

I should like Mr Alexander to have mentioned the still too 
frequent use of cyanide of potassium for dressing the plates; this 
ought not to be allowed, as it dissolves fine gold which is lost 
entirely. . 

Mr Alexander deserves the thanks of our Society for bringing 
forward his paper on "Milling," and I will close my remarks by saying 
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Screening and Crushing 343 

that if thc pyrites cannot b~ profitably reduc~d to a very fine size 
in the mortar box, the coarser portion will have to be separated by 
concentration and re-ground; but this is another story, according to 
Mr Denny. 

REPLY TO DISCUSSION (SEPTEMBER MEETING, 1903) 

Mr F. Alexander-In replying to the many admirable contri
butions sent in criticising my paper published in the March Journal, 
I must say that I am disappointed in not having had a fuller 
discussion on some of the more vital points, such as inside versus 
outside amalgamation, fine versus coarse crushing, etc., from men 
who have tried both. 

I quite agree with Mr Roskelley's remarks about the construction 
of a modern mill, tending rather to follow in the ruts of the ancient 
stamp mill, and I believe our mechanical engineers only require 
such intelligible explanations of faulty construction as contained in 
Mr Roskelley's remarks to speedily remedy this. 

Speaking of the relative merits of crushing with a 700 and 1000 
screen, I fully agree that more should be crushed through a 700 
screen. Strange to say, this theory is not always borne out in 
actual practice, hence my remarks that the screen alone is by no 
means a final factor regulating fast crushing. 

I expected a fuller discussion on this point, especially so after 
Mr Dixon's very instructive series of experiments (see pages 
312-316). 

It is clearly seen from these experiments that the ratio of water 
to ore crushed plays a most important part in fast crushing. My 
recommendation of 6-inch discharge through 1000 screens, with 
6 to 1 water, is found in actual practice to yield the most efficient 
results, the discharge being lowered where coarser screens are used. 

Mr Roskelley's method of determining slimes is not a bad one, 
but I prefcr the determination arrived at through a slimes plant if 
possible. 

The sliming of ore need trouble millmen very little; in fact, it 
does not cause anything like the annoyance or bad extraction 
resulting from the bursting of a screen, for instance, or partially 
crushed material, so commonly the bugbear in concentrates. 

Mr Roskelley's views re inside amalgamation are doubtless per
fectly correct, but how many millmen on these fields persistently 
follow an antiquated practice simply because it was done twenty 
years ago, regardless of the waste of both gold and mercury resulting 
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344 Gold and Mereu?), 

from this most unreasonable practice of trying to catch gold
(1) at the cost of all accurate record, (2) the loss of at least 
50 per cent. of the mercury used in the mill, and many other 
disadvantages. 

There is little doubt, as Mr Dixon points out, that the rock 
breakers are not always made to do their fair share of the pre
paratory work, and this defect is often traced to the inaccessible 
position which they occupy in the crusher station. 

Mr Wilkes' suggestion to remove the amalgamation tables from 
the mill, I fancy, would be a step in the right direction, and 
Mr Day's contribution might "be taken as sufficient evidence that 
gold can be caught on plates erected off the mill itself. I should, 
however, be loathe to entertain the idea of an upstairs amalgamating 
floor in the extractor house. 

I have quite failed to understand Mr Hartley's attack on the most 
laudable attempts of our past President to discover the probable loss 
of 5 per cent., which I mentioned as being a matter of indifference 
to millmen, between actual and theoretical extractions j and I have 
little doubt that the cyanide men, once interested, will soon 
find a solvent, even though the millmen remain dignified and 
silent. 

I am very much of the opinion, as Mr Tavener pointed out at our 
last meeting, that the contamination of gold with mercury tends to 
encase the gold particles, and certainly does retard extraction by 
cyanide. That a very considerable quantity of partially amalgamated 
gold escapes from the battery is sufficiently proved by Mr Day's 
contribution, where he claims, by means of side shaking tables, to 
be able to catch about 300 ozs. of gold from a 30-stamp mill per 
month. I presume, were it not for these extraordinary tables, this 
amount would have gone to the treatment tanks, and a recovery of 
about 30 per cent. only obtained, which bad recovery would be debited 
to the faulty work of the cyanide process, whereas ill reality the mill 
is at fault. It is not too much to say that, where inside amalgama
tion is practised, a loss of mercury equalling 2000 ozs. per month 
will result from 100 stamps if this mercury carries only 2 per cent. 
in gold. By the time it reaches the treatment tanks it would mean 
40 ozs., from which only 12 ozs., or 30 per cent., can be recovered 
at best. 

The many very interesting points on milling operations before 
the Society just now leads me to cut this reply somewhat short in 
order to allow those who have made the subject a life-long study to 
~ive us the benefit of their experience on matters milling, as I am 
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Position of Amalgamating Tq,bles 345 

fully convinced that any appreciable further extraction can only be 
obtained through the medium of the mill. 

In reply to Mr Dowling, I might say that in most modern mills 
a punched screen is used to take out those chips, belt laces, etc., 
which he complains of, and are placed in the launder just before the 
pulp enters the tailings wheel. . 

In answer to Mr Pead's question of duty per stamp through a 
lOOO-mesh screen which I mentioned in my paper, I was not at the 
time aware that this duty was at all exceptional. My figures were 
taken from the actual results obtained at the Ferreira Deep, Ltd. 
over six consecutive months' run. I might mention that special 
light screens were used which from later experiments appear to 
account for an increased duty equal to ·2 tons per stamp per day 
over the ordinary light S faudar gauge obtainable at the present 
time. 

I do not think there is any difference in the rock on this mine 
from that of any other deep level, nor can I define any special 
system of milling. 

In reducing the height of discharge to suit the screen, or vice versa, 
the specific gravity of the crushed material must playa most im
portant part. As we crush in water, I think it will be easily seen 
that where the screen is fine the maximum splash would give most 
beneficial results, the specific gravity allowing the rise of the fine 

, material in water. 'rVe can only obtain this heavier splash with 
sufficient water in the mortar box, and 6 inches appears from actual 
work to meet the case. 

Where coarse screening is used it would retard fast crushing, as 
the heavier particles will not so readily rise to the face of the screen 
in this large amount of water. 

I fully believe that the present position of the amalgamating 
tables is utterly wrong. 

1. The vibration caused from the constant falling of the stamps 
is likely to cause the mcrcury gradually to work off the plate. 

2. When the plates are being cleaned the stamps must be stopped, 
causing a delay of thirty minutes per twenty-four hours for each 
table or five stamps, which means a complete stoppage of the mill 
for fifteen hours in each month, whereas the pulp might easily be 
divided over nineteen tables when one is being dressed or scraped. 

3. A similar platform to that now used to walk on at the foot of 
the plates might with considerable advantage be employed close up 
to the mortar boxes, from which the millmen could easily change 
screens and generally work their boxes. 
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Dignified Silence 

4. Amalgamation would become a more scientific process in its 
relation to the technical requirements of modern gold mining. 

The President-I should like to corroborate Mr Alexander's 
remarks in regard to the extraordinary silence the millmen have 
observed in regard to one of the most important operations in 
metallurgy on these fields. However, if they are content with a 
"dignified silence," they cannot blame us if we draw our own 
conclusions. 
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XVIII 

THE EXTRACTION OF GOLD FROM CYANIDE HOUSE 
SLIMES BY A WET METHOD 

By JOHN FJ~EMING, M.A. (MEl\fBER) 

(Bead at April Meeting, 1903) 

THIS paper, I am sorry to say, is by no means an exhaustive expose 
of the subject here discussed, and leaves several of the points raised 
to be more fully investigated; but as the method of treating these 
slimes by lead smelting, or the ordinary assay process (more or less) 
has been brought forward prominently of late, I thought that an 
account of two experiments on this subject, conducted in June and 
July of 1895, would be' interesting to the Society, and might even 
alter their opinion as to the best method of extracting the precious 
metals (gold and silver) from these slimes. 

The method of lead smelting, I may say in passing, I employed 
sometime in 1890, in order to recover gold from battery sands 
which had been swept up from the copper plates of the Wemmer 
mill and ground with mercury and water until no more amalgam 
could be obtained, and, I daresay, it was the want of a suitable 
furnace and tests for the cupellation of the lead which prevented 
many from putting this method into practice. 

During the greater part of the year 1895 I was in charge of the 
ass'ay laboratory and smelting room at the Langlaagte Royal Mine. 
The crudeness of the present process for recovering the gold from 
the cyanide house slimes was, at that time, forcibly brought home 
to me, and during a conversation with Mr M. H. Burnham, my 
predecessor at the laboratory, the central idea of the following pro
cess was discussed. 

The process hereunder sketched out, in my opinion, is capable 
of exceedingly good and effective application, and I am sorry 
that I have not a fuller and more complete investigation to set 
before you, instead of only the result of two rather tentative experi
ments, deficient in many ways, carried out with insufficient apparatus 
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348 Comparison of Processes and Costs 

and amongst the bustle and hurry of a mine department. In what 
follows there is one point especially upon which the experiments 
are not final, and that is the cost of the reagents employed, because 
my object was primarily to recover (if possible) all the gold; and 
the proper and economical use of the reagents was to be left for 
future experience of the process. 

Whilst upon this matter of cost I would remind you that the 
yield of cyanide gold in 1899 on the Rand was at the rate of 
1,678,927 ozs. fine gold per annum (Chamber of Mines Returns) 
and that one-quarter of 1 per cent. of this amount is in value 
equal to £17,796, say £17,800, which sum would pay for a very 
large amount of chemicals; therefore I think that when comparing 
two processes of extraction, small and debatable matters of cost are 
very secondary, and that process, which can show something like a 
total extraction, small or negligible residues, and which from the 
nature of the operations leaves few or no loopholes for possible loss, 
either by roasting, smelting, cupellation, or excessive handling, or 
by large residues-that process is undoubtedly the best. 

To make myself somewhat clearer, one-fourth of 1 per cent. is 
coming to the limit of efficient observation, and is represented by a 
variation of 1 grain per ton on an assay of 17 dwts. per ton, so 
that the whole sum of £17,800, compared to the total value of the 
cyanide gold output, viz. £7,118,650, is a quantity which is within 
the error of observation of ordinary assaying operations; and if this 
£17,800 would pay for chemicals in the process of recovery from 
the cyanide house slimes then, in my opinion, as between any two 
processes, where the cost is inside that limit, it is purely and solely 
a matter of efficiency of extraction, and the elimination of loopholes 
for possible loss. 

EXPERIMENT No. 1 

141 Ibs. of roasted slimes of low grade (with much zinc), being 
sampled as carefully as possible, assayed :-

1046·74 ozs. per ton gold. 
39·92" " silver. 

The slimes were treated in a tub with 7 Ibs. sulphuric acid and 
38 Ibs. water for two hours, and then 1051bs. of warm water added 
and left for twenty-four hours. 

The clear supernatant liquor was then drawn off with the excep
tion of 15 Ibs. or 20 Ibs.; then 4k Ibs. common salt, 3 Ibs. manganese 
dioxide, and 7 Ibs. sulphuric acid were added, free nascent chlorine 
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Experiment on Cyanide .lIouse Sl£mes 349 

generated, and the charge stirred and left till the following morning; 
100 Ibs. of water was then added, and in three hours a complete 
settlement had taken place and the chlorine solution was run off 
into a lower tub; a water wash of 30 Ibs. of water ,Was added, and 
in three hours again drawn off into the lower tub, to which 3 Ibs. 
of ferrous sulphate crystals in solution were added and the gold 
precipitated. 

The charge was on the following two days submitted to chlorina
tion in the same way as above, with an expenditure for· the two 
washes of 4 Ibs. common salt, 51 Ibs. sulphuric acid, and 2~ Ibs. 
manganese dioxide. The water wash from the third chlorine 
treatment did not show gold by the ferrous sulphate test. 

The gold in the lower tub was now in the form of brown mud, 
and it consisted of pure gold, which we were naturally unwilling to 
drain off too closely, and the qnestion was how best to get it washed 
and transferred to the crucible. This I know we did not manage 
well, for I attempted to take up the last of the residue of the gold 
mud from the tub by cleaning it with some mealie meal and then 
burning off the mealie meal in an iron pan; but the residue of 
phosphates of lime gave trouble by sticking to the pan, and we 
suffered a small loss in this way. The button of gold obtained was 
very malleable and soft (it was not assayed), and it weighed 6·770 ozs. 

Now, the residue of the charge remaining in the· tub after the 
chlorine treatment assayed 10·44 ozs. per ton of gold and, pre
sumably, most of the silver in the original charge, and I considered 
that chlorine had little or no power of dissolving more gold from it, 
so I neutralised the charge with 3~ ozs. of caustic soda and subjected 
the charge to a solution of potassium cyanide on four separate 
and succeeding days. . 

The amount of potassium cyanide used was in each case! lb., 
and the washes drawn off were as follows :-

Weight. Gold Silver KeN. per ton. per ton. 
Lbs. Dwts. Dwts. Per cent. 

1 KeN wash 105 60·0 164·5 0·26 
2 

" 
127 37·7 33·5 0.315 

3 
" 

108 38·5 10·0 0·35 
4 

" 
HI 31·5 5·8 0·375 

5 water wash 128 21·0 1·0 0·06 

The residue of the charge weighed 13t Ibs. and assayed 6·88 
ozs. pe(ton. 
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350 Chlorination and Potassium Cyanide 

An epitome of this experiment might be framed as below :-

Gold. Silver. 
Got by Lbs. Dwts. Ozs. Ozs. 

Chlorination per ton 6'770 nil. 

1st KCN wash. 105 at 60'0 = 0'158 Ozs. 0'432 
2nd 

" 
127 

" 
37'7=0'120 gold = 0'106 

3rd 
" 

108 
" 

38'5=0'104 7'306 0'027 
4th 

" 
111 

" 
31'5 = 0'087 0'016 

5th water wash 128 ., 25'0 =0'067 0'003 
Residue left 13k " 137'6 = 0'045 

Total gold accounted for 7'350 0'584 

If we take 7'306 ozs. as the extraction it is equal to 99'39 per cent. 
of the total gold accounted for, and of the extraction 93 per cent. has 
been got by chlorination and 7 per cent. by cyanide of potassium. 

As a check against these figures we have the original assay of 
the slimes, and I need not point out to you how impossible it is to 
take a fair sample of slimes over 1000 ozs. per ton, and this is only 
about one-third or one-fourth of what good slimes assay. However, 
the assay as we have it is a rough check on our work. 

14t lbs. of slimes at 1046'74 ozs. per ton contain 7'458 ozs., 
showing a difference of 0'107 oz. of gold, which might be 
accounted for to some extent by a small loss occasioned 
by the attempt to clean out the tub thoroughly with 
the mealie meal. 

There is a good deal which might be said about this experiment, 
the first upon any scale larger than what an ordinary breaker would 
contain; but before saying anything I shall describe the apparatus 
used, and thereafter pass on to the second experiment. 

The apparatus was principally a 35 or 40-gallon cask cut through 
the middle, thus forming two tubs of a capacity each somewhat 
less than 20 gallons, and mounted the one above the other on a 
temporary platform. Each tub had a row of i-inch auger holes up 
the front, closed with tapered plugs of common pine wood, and 
the holes were arranged zigzag ways so as to give a difference of a 
level of 3 inches from hole to hole. The upper tub was mounted on 
its platform so as to overhang the lower one by about 6 inches, and 
when the solutions were being drained ~ff it w~s canted up care
fully by hand. The plug holes were cut very cleanly with a sharp 
auger, and the liquor went down nicely into the lower tub with 
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!lllustrating "THE EXTRACTION OF GOLD FROM CYANIDE HOUSE SLIMES BY A WET METHOD," 

Facing p. 350. J 
hy John Fleming, M.A. 
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Experiment on Cyanide House Slimes 35 I 

little or no dripping; if a drip did come in contact with the iron 
hoop, it was gilded in the most gorgeous fashion instantly. 

EXPERIlIfENT No. 2 

Took 451 lbs. of wet slimes as it came from the cyanide house. 
The slimes carried a great proportion of fine' zinc and were low grade. 
In order to gct some idea of how much stuff I had I dried and 
calcined the lot. The dried and calcine,d slime weighed 142 lbs. 
This was transferred to the acid treatment vat and treated with its 
own weight of sulphuric acid and 500 lbs. of water for three hours. 
The action of the acid was intense, and at the end of that time 
the vat was filled up with about I! tons of water, and the mixture 
settled for twenty-four hours. 

(The drying and calcining was quite unnecessary for this pro
cess, and was only undertaken to form some idea of what quantity 
of material was in hand.) 

The acid treatment vat was carefully cleaned out and the con
tents transferred to the tub mentioned above. 

32 lbs. common salt, 21 lbs. manganese dioxide were stirred in, 
and one hour afterwards 50 lbs. sulphuric acid gently added. The 
temperature registered was 57' C. and the action was energetic, plenty 
of free chlorine being given off. That same and the following day the 
charge was subjected to three other chlorination washes, using, on 
each occasion, 13! lbs. common salt, 9 lbs. manganese dioxide, and 
21 lbs. sulphuric acid, and after each treatment with chlorine liquor 
the tub was filled up with water and, after settlement, was decanted. 

These solutions were precipitated in the lower tub with an 
expenditure of 35 lbs. ferrous sulphate crystals. 

The gold was washed, roughly cleaned out, and smelted with a 
small quantity of borax and bicarbonate of soda, and the yield was 
104'5 ozs. fine malleable bullion-taken as fine gold but not assayed 
-probably about 995 fine. 

In order to ascertain if further chlorine treatment .would yield 
further gold I subjected the charge to a fifth chlorine treatment, using 
6t lbs. common salt, 4ilbs. manganes~ dioxide, and 10! lbs. sulphuric 
acid. This treatment still yielded a little gold, and after washing 
with water and precipitation with ferrous sulphate. As before, the 
tub was carefully scraped out and the gold got was 13'1 ozs., estimated 
to be about 800 'fine. This would also have been high class bullion 
but for a little accident when tilting up the final wash. The Kaffir 
assisting gave a slight lurch and a few ounces of the charge was run 
down, and rather than delay to make a separation the lot was 
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35 2 Results of Cyanide Washes 

smelted. The button got was about the appearance of battery gold 
-perhaps a little harder-and was estimated to be 800 fine, equal 
to about 10'5 ozs. fine gold. In all, the gold got by chlorination Was 
about 115 ozs. fine gold, and the expenditure of chemicals was 79! 
Ibs. common salt, 52t Ibs. manganese dioxide, 123~ Ibs. sulphuric acid, 
besides 140 Ibs. sulphuric acid for preliminary extraction of zinc and 
35 Ibs. ferrous sulphate crystals for preqipitation. 

The charge was then neutralised with 2 Ibs. caustic powder and 
submitted for nine successive days to the action of nine successive 
washes containing potassium cyanide. These potassium cyanide 
washes took one day each on account of the slowness of the settle
ment of ~he alkaline residues, but the chlorine washes settled very 
fast, and two chlorine washes per day could be managed nicely. 

The following are the results of the cyanide washes :-

ASSAn. 

"" ... 
Weight Gold Silver KON 
in lbs. dwts. dwts. per 

per ton. per ton. cent. 

1st KeN wash 388 201'2 704'8 0'09 
2nd 

" 
327 114'4 241'3 0'305 

3rd 
" 

330 96'3 115'7 0'275 
4th 

" 
370 66'3 46'5 0'44 

5th 
" 

365 60'3 45'2 0'40 
6th 

" 
375 64'0 23'8 0'39 

7th 
" 

335 62'7 6'8 0'36 
8th 

" 
370 38'0 8'0 0'39 

9th 
" 

370 32'3 5'1 0'39 

The metallic contents of these different solutions are as follows :-

Lbs. Assay. Gold Lbs. Assay. Silver 
in dwts. in dwts. 

338 at 201'2 39'03 388 at 704'8 136'7 
327 

" 
114'4 18'70 327 

" 
241'3 39'5 

330 
" 

96'3 15'89 330 
" 

115'7 19'1 
370 

" 
66'3 12'27 370 

" 
46'5 8'6 

365 
" 

60'3 11'00 365 
" 

45'2 8'2 
375 

" 
64'0 12'00 375 

" 
23'8 4'5 

335 
" 

62'7 10'50 335 
" 

6'8 1"1 
370 

" 
38'0 7'03 370 

" 
8'0 1'5 

370 
" 

32'0 5'92 370 
" 

5'1 0'9 

Total gold (dwts.) 132'34 Total silver (dwts.) 220'1 

The gold got in these solutions was equal to 6'617 ozs. and the 
silver 11'315 ozs. The dried residue weighed 75 Ibs. and assayed 
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Extraction 0./ Cyanide Slimes 353 

4'24 ozs. of gold per ton and 4 ozs. of silver per ton. So that the 
total gold containcd in the residue was 0'159 ozs. Now, if we add the 
gold in the solutions to the bullion got, we have an extraction of 
121'6 ozs. of gold, equal to 99'87 per cent. The cyanide of 
potassium used was 15~ Ibs. The first four washes used 2 lbs. 
each and the succeeding ones It lbs. each. Of the 12]'6 ozs. of 
gold extracted from the charge 94t per cent. was recovercd by 
chlorination and 5~ per cent. by cyaniding. 

Now, the first thing which I must say about this 2nd experiment 
is that the upper tub for treating the charge was too small for the 
quantity in hand and necessitated more changes of solution, both 
of chlorine and cyanide of potassium, than would have been 
necessary had more room been available; and the second remark, 
which applies both to No. 1 and No. 2 experiment, is that they 
were both stopped before the leaching of the gold by the potassium 
cyanide solution was finished. In the one case we were getting solu
tions of 31'5 dwts. per ton, and in the other 32 dwts. per ton, 
when the process was stopped; and it is clear that by a circulation 
of air through the leaching solution, or by some other method of 
oxygenating the cyanide solution, a better solvent power would 
have been developed, 'with fewer washes and less time and cost. 
In fact, by this process applied to good cyanide slimes worth 3 to 
5 ozs. of gold per lb. of slimes, and under fair working circumstances, 
I am hopeful that a very high extraction (something like 99'95) 
per cent. could be attained to regularly. 

Now, .let us tot up our bill of expenses for the treatment of a 
product which by any known method of reduction required a 
preliminary treatment with sulphuric acid, on account of the great 
quantity of zinc which it contained. 

preliminary} 
acid 140 Ibs. sulphuric acid at 3id. = £1 

treatment 
17 11 

PltOCESS. 

79 lbs. Common salt at 7/6 per cwt. 6/-
52! " 

Manganese dioxide " 27/- " 12/S[ 
123& " 

Sulphuric acid, " 3id. per 1 b. 33/5 
15 35 Ferrous sulphate " 29/- per cwt. 9/- 3 6 

" 2 
" 

Natto " 5d. pe'r lb. 10d,) 
15! " 

Potassium cyanide " lO~d. " 13/7 
----

Total £5 13 5 
z 
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351- Efficiency of Extractiolz and Cost 

or a cost of lld. per oz. of gold won. Now, to understand the 
bearing of this, you must consider that 1 was working upon a 
product which assayed less than 1 oz. per lb. of dry calcilledslimes, 
and that it consisted of }iths zinc oxide, zinc shavings, and mud, 
that our apparatus was too small for the chargc, and that I was 
experimenting only with a view of discovering an efficient method 
of procedure; for instance, instead of returning the cyanide solutions 
for subsequent leaching, I sent them through the cyanide extractor 
boxes in the cyanide house and, instead of having a supply of 
ferrous salts at no cost from previous solutions, reduced by scrap 
iron, I was compelled ,to use an excess of crystals in solutiol1,each 
time gold was precipitated from the chlorine solutions. Thus, I 
think, it is evident that with suitable apparatus and working upon 
the rich slimes which cyanide works are made to yield (viz. 4 or 5 
ozs. of gold per lb.) this cost might easily be cut down to !rd or ith 
of the experimental cost, and it is probable that it would stand in 
the neighbourhood of 3d. per oz. of gold won. That is to say, the 
cost of extraction (for chemicals) could be brought down to ith of 
1 per cent. of the value won; and if we deduct the value of the 
silver bullion, which, as I will show you, can be easily got, we 
might hope to reduce the cost for chemicals to something like Id. 
per oz. of gold won. Now, this is a quantity a long way inside 
the error of observation of ordinary assaying opcrations, and when 
two processes reach to a point of perfection like this, it is entirely 
a matter of efficiency of extraction between them and the eliminat
ing of occasions for losses-it is not a matter of cost. 

Now, I can hear already a great many questions and objections, 
justly founded upon the imperfections of the cxperiment, and I 
shall anticipate some of them.. The first and most important is 
th:;tt I did not actually win the gold from the cyanide solutions, and 
that is correct, but the solutions were all carefully weighed and 
assayed, and we know so much about precipitating gold from 
cyanide solutions that we at least fancy we know a good deal about 
it. However, to get a little more information I carried out the 
following experiment, which preeipitated the gold absolutely 
without the employment of either zinc shavings or zinc dust in a 
comparatively short time. 

I took 350 c.c. from the 6th wash of No. 2 experiment; that 
wash assayed 0'39 pel' cent. potassium 'cyanide, 64 dwts. gold per 
ton, and 23 dwts. silver per ton. This I put into a beaker and 
suspended from a stick a piece of zinc and a piece of iron joined by 
an iron wire, both being immersed in the liquor. 
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Precipitation of Gold by Zinc-Iron Couple 355 

Intense galvanic action started at once, and next morning no 
trace of gold was to be found in the solution. The gold was found 
in about equal quantities on the iron and on the zinc, and a little 
in the bottom of the beaker as a black deposit which had come 
from the zinc. So that, in practice, a deep circular tub of small 
diameter, with a perforated cylinder of zinc, surrounded by a wider 
perforated cylinder of iron, would, undoubtedly precipitatc the gold 
from these solutions in about twenty-four hours, and in whatever 
state the gold might exist we would, at least, not be troubled with 
zinc shavings. It might, however, prove upon further trial that 
zinc fume or zinc shavings were as convenient precipitants as the 
zinc and iron couple, and in that case the 5 per cent. of gold 
recovered in this way would simply be added to the next clean-up, 
and no cyanide liquor need ever leave the reduction plant; and in 
the event of this liquor requiring to be renewed it could be arranged 
to pass it, after the exhaustion of its gold, into' the cyanide liquors 
of the work, and by this means the ordinary extractor boxes of 
the cyanide house would form a safety trap. For these reasons I 
did not recover the gold from the cyanide solutions, but contented 
myself with the weight and the assay of the solutions, and concen
trated attention upon the chlorination part of the process. 

The second objection which I hear is that I did not assay the 
bullion got; but it is well known that chlorination bullion is about 
995 fine. What I got was very soft and could be marked by the 
finger nail, so I think the error from this source is negligeable. 

Another may ask why I stopped the process of leaching by the 
cyanide when I was getting solutions of 32 dwts. per ton 1 The 
answer is simply that in the press of assay work the assays of these 
liquors had to take their turn amongst the assays of the reduction 

'works and the mine, and there was a delay of twenty-four or thirty
six hours on this account, and without waiting for these assays I 
went on for the result. 

A further objection which I can hear is that we do not get away 
from a final smelting. That is so, but the circumstances are no 
longer those of smelting slimes with zinc in their composition. We 
smelt fine gold and heat the pot in the roasting oven for some time 
before putting it into the furnace, when the gold soon runs together, 
leaving practically no slag. There need be no more loss here than 
in smelting retorted gold, and we all know how little that is if the 
retorting is properly conducted. 

Another objection which I can hear is that the silver will never 
be got at all but will go on accumulating, and as I carried out the 
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356 Advantages of Wet Treatment of Slimes 

experiment that i~ quite correct; but in practice the work would 
not be carried out as I carried out a tentative experiment, for I 
was looking after the gold alone and leaving the silver to take care 
of itself; and, in point of fact, we have by this process a very neat 
adaptation for cxtracting the silver by itself and shipping fine gold 
and fine silver bullion, a thing which has not been done Oil any 
mine in the history of these fields so far as I know. 

When the silver is laid down in the zinc boxes along with the 
gold, it is either a double cyanide of zinc and silver or a potassium
zinc-silver cyanidc. I do not think that it is metallic silver; but 
in whatever state it may be, it is certain that in the presence of the 

. nascent chlorine it is transformed into a chloride (and this is con
firmed, in my opinion, by the extreme solubility of the silver, as 
shown by the first cyanide washes). Now, silver chloride is very 
insoluble in the presence of dilute zinc chloride and especially dilute 
ferric chloride (Dr Percy), two salts which abound in our leaching 
menstruum; hence the whole of the silver is practically left behind 
whcn the gold is cxtracted as a chloride. Now, before putting on 
a cyanide of potassium solution, if we neutralise t,he tub with 
ammonia water and leach with the same menstruum we could 
recover the silver as chloride, or it could be leached out with 
hyposulphite of soda and recovered as sulphide. The former 
seems to suit us best, but it depends on the relative solvent power 
of these two reagents, and at present I am not prepared to say 
which should be employed, hut by one or other we can extract the 
silver and smelt it separately from the gold. 

Now the points in our favour are :-

Ist.-An extraction of 99·95 per cent. is feasible and probable. 
2nd.-With ordinary care no gold can leave the laboratory in 

the solutions, and there is no handling of the charge what
ever until it be exhausted, and there are therefore no 
~oopholes for loss here. 

3rd.-The cost will be very moderate, viz. Oll the Rand here, 
about 3d. per oz. of fine gold won, without taking into 
account the silver. 

4th.-The loss from smelting is the minimum possible and 
with care should be nil, and there are few or no loopholes 
for losses in handling. 

5th.-The residues from high class slimes may be expected to 
weigh no more than ird or ith of the dry slimes, and to 
assay no more than 2 or 3 ozs. per ton-perhaps less. 
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Nascent State 357 

6th.-The apparatus necessary is not complicated or expensive, 
and can all be made on the mine. 

7th.-W e produce fine bullion of gold and of silver, and ship 
them separate. 

Sth.-If it be necessary to treat low grade slimes, from what
ever cause arising, we have a process which is applicable 
without the serious losses sustained at present by any 
method practised. 

Now, these are the facts of the experiments-the objections as 
far as I see them, and the points claimed in favour of the process. 

The central theory is the application of nascent chlorine to the 
charge in contradistinction to free chlorine. Modern chemical 
theory is that an elementary substance like chlorinc consists of 
pairs of atoms in combinatio;l or union, and that before this com
binatioIl or union has had time to take place, at the instant of its 
liberation, the gas is much more chemically active and can 
accomplish reactions of which free chlorine is incapable. This 
seems to explain in a way why more than one chlorine treatment 
is necessary to dissolve the gold in the treatment vat, viz. that as 
long as nascent chlorine is being liberated gold is being dissolved, 
but that the solution ceases as soon as the evolution of chlorine 
ceases and the atoms have become molecules. 

This, however, only explains the matter partly, for why should a 
residue of gold be left which chlorine apparently will not dissolve, 
and why is that residue of gold so much more difficult of solution 
than the silver chloride ~ I shall hazard an explanation. 

The ordinary formula by which the liberation of chlorine is 
represented is:-

2NaCl+ 3H2S04 +Mn02= 2NaHS04 + 2HCL + MnS04 + Hp + ° = 

2N aHSO 4 + MnS04 + 2Hp + C12• 

That is to say, it is supposed that nascent oxygen, hydrochloric 
acid, and nascent chlorine are all being formed more 01' less simul
taneously, and that the stable conditions are represented by the last 
half of the equation. This is probably correct if the proportions are 
observed and no other substances are introduced, but I am not certain 
that it represents the circumstances as we have them, for in the 
treatment vat there is a great molecular earthquake, and zinc, iron, 
manganese, gold, silver, soda, and alumina are being altered and 
dissolved, and sulphates and chlorides, and perhaps chlorates and 
hypochlorites, are being formed. 
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Solution of Gold by Chlorine 

By having a shortage of sulphuric acid might not this.reaction 
take place:-

2N aCI + 2H2S04 + Mn02 = N a2SO 4 + MnS04 + 2Hp + Cl2 ; 

and if that were to happen we should have the further reaction :

Na2S04 + H20 + Cl2 = NaCI + NaHS04 + HCIO. 

Again, suppose we have an excess of sulphuric acid, might not 
the following reaction take place :-

NaCI + 2H2S04 + Mn02= NaHS04 + MnS04 +H~O + HCIO. 

So that by having either a shortage or an excess of sulphuric acid, 
we may have hypochlorites or other oxychlorides formed, and the 
reaction complicated Again, you are familiar with the formation 
of chloratcs by an excess of free chlorine in an alkaline solution 
for instance. 

6Cl2 + 6Ca(HO)2 = 5CaCl2 + 6H20 + Ca(CI03)2' and as gold behaves 
in many ways like the alkali mctals wc have a fair chance again of 
an oxychloride being formed. 

Now, the equation given for the solution of gold by chlorine is 
simply a union of gold and chlorine to form AuCls' and the 
precipitation from thc solution· is represcnted by the equations 
2AuCtJ + 6FeS04 = Au~ + Fe2CIG + 2Fe2(S04)3' or 2AuCl3 + 6FeCI = 
AU 2 + 3Fe2Cl,,; but when I found that all the gold would not be 
dissolved by chlorine, I surmised that there was some double 
oxychloride salt of gold with alumina, mangancse, or iron formed 
in the aforementioned molecular earthquake, which was insoluble 
in the acid menstruum; and as a means of breaking up such a 
compound, if it existed, I tricd potassium cyanide, which apparently 
split IIp thc gold compound and formed the double cyanide of 
gold and potassium, at the same time dissolving the silver chloride. 
The silver chloride dissolves in the potassium cyanidc without the 
aid of oxygen, but as an aluminate dissolves in thc cyanidc solution 
therc is a c,all fo]" oxygcn for thc solution of the gold, and hence 
its slower solubility; and I think that the oxygenation of the 
cyanidc solution, either by atmospheric air or by chemicals which 
suggest themselves, would facilitate the solution of the gold. I 
am unable to put these rcactions into formui::e, for I have only 
a shadowy notion of the nature of the gold compound referred to, 
coupled with the fact that we have an aluminate in the cyanide 
of potassium solution. 

This, then, was the theory of the process in my mind during 
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Difficultz"es z"n Gold Extractz"on 359 

these experiments, and if any chemist here can throw some extra 
light upon the subject I shall be delighted. 

Mr A. F. Orosse-1 should like to say that I am certain in my 
own mind that if you want to make an absolutely reliable assay 
of gold slimes you must have resource to a wet process. This has 
nothin~ to do with the working proposition. I think Mr Fleming's 
difficulty was caused by his being troubled with insoluble chloride 
of lead. If he had raised the temperature of the chloride to a 
soluble heat he would have had no. difficulty with his residues. 
There i's difficulty in getting out the full value of the amount of 
gold assayed, but if you take pains you can get it all out by the 
wet process. 
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XIX 

AN AUTOMATIC SAMPLER FOR TAILINGS, SANDS, AND 
SLIMES 

By C. H. PEAD (MEMBER). 

(Read at ApTil Meeting, 1903) 

IN 1897 I designed and erected an automatic sampler which I have 
used since with good results. It has been but little trouble to keep 
in running order, and about six months ago I made improvements 
in the mechanical construction which have overcome certain slight 
faults, and now beg to lay this description before the members of our 
Society in the hope that it may be of use to some of them in their 
work. 

DeSCTiption 

A is the receiver or utensil that takes the sample of the pulp 
running from the launder B, and consists of a slotted iron vessel, 
the construction of which is difficult to describe, but is plainly 
shown in the accompanying sketch. At the lower end it is fitted 
into a 2~·-inch pipe a, a, which carries the sample to the second receiver 
C, and from there through a2 to the settling boxes D, D. 

It is necessary that the slot formed in the receiver A should 
extend above and below the .stream being sampled, and that it 
should be of even width throughout. The receiver A should also 
pass at least 6 inches beyond the launder B to prevent anything 
splashing into it when at rest. 

The pipe a, a is held rigidly by the brackets E, E to the iron rods 
F, F which lie upon but are not fastened to the cross rods f, f, but 
run along them conveying the pipe a, a with the receiver A when 
the sample is taken. 

I may mention in parenthesis that the rods F, F are now run 
over f, f on small wheels, which arrangement I find to be an im
provement; the sketch does not show this alteration. 

Connected to each side of the brackets E, E are wire ropes which 
are led under the lower pulley G, G, are joined at H, and from 
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lllllstl'n,ting "AN AU'rOMA'I'IC S,DIPLER FOR 'l'AILINGS, SANDS, AND SLIMES," by C, H. Pead. 
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A utomat£c Sampler 

there being led over the upper pulleys G, G are attached to the 
cylinders J, J. 

The cylinders J, J are fitted with guide pieces top and bottom 
i, i, which run on the vertical rods K, K. They are also perforated 
over a diameter of 6 inches at the bottom, this area being closed 
by the valve at L. The latter is autor,natically opened when the 
cylinder falls by striking the bottom of the box M, where a 
rubber cushion is fixed to deaden the stroke. The valve also 
closes itself automatically by its own weight as the cylinder rises. 

On the bottom of the rods K, K springs or rubber cushions are 
placed to deaden the shock of the falling cylinders. 

The cylinders ar~ filled with water led through the pipe N, which 
is hung on a free bearing and is tilted towards cach cylinder as it 
rises by means of the link gear shown at O. 

Thc water discharged from the cylinders runs out through the 
valve at L into the box M, and from there may be led into the 
launder B beyond the receiver. 

I have found that samplers operated by water have a tendency 
to hesitate when the weight of the stream being sampled strikes 
the receiver. To overcome this I have introduced the releasing 
catch P, fitted with a thumb screw and with a movable weight. 
By means of these latter thc catch may be so regulated that the 
receiver is made to travel at an even speed through the stream to 
be sampled, and more quickly or slowly as may be thought best. 

Two settling boxes for receiving the sample, when taken, are 
shown! The pipe a2 which feeds them is movable, and is turned 
by hand from one box to the other as required. This enables the 
sample to be thoroughly settled before the superfluous water is 
drawn off and the settled sample removed. 

The'advantages this sampler has over others that I have seen are 
that the receiver travels horizontally in a straight line across the 
stream, and is so constructed as to take a sample from every point 
of the stream in its passage; also that it travels at an even speed 
throughout its passage, and may be regulated to travel fast or slow. 

I have also found that the falling cylinders and ropes are cleaner 
and more reliable than the tumbling box and levers. 
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xx 

THE REFINING OF LEAD BULLION 

By F. L. PIDDINGTON (ASSOCIATE) 

(Read at May Meeting, 1903) 

IN presenting this account of the Parkes process of desilverising 
and refining lead bullion the writer claims no originality, but hopes 
that a description of the process as carried out at the works of 
the Smelting Company of Australia may be of interest to members; 
it is possible, also, that the subject may borrow some additional 
interest from recent developments on these fields. 

The Parkes process may be conveniently summarised as follows :-

1. Softening of the base bullion to remove copper, antimony, 
etc. 

2. Removal of precious metals from the softened bullion by 
. means of zinc. 

3. Refining the desilverised lead. 
4. Liquation of gold and silver crusts obtained from opera

tion 2. 
5. Retorting the liquated alloy to drive off zinc. 
6. Concen~rating and refining bullion from 5. 

Softening is done in reverberatory furnaces. In large works two 
furnaces are used-copper, antimony, and arsenic being removed 
in the first and antimony in the second.' The size of the furnaces 
is naturally governed by the quantity to be treated. In these 
works (refining some 200 tons weekly) a double set of 15-ton 
furnaces were at work. The sides and ends of these furnaces are 
protected by a jacket with a 2-inch water space, the jacket extend
ing some 3 inches above the charge level and 6 inches to 9 inches 
below it. The furnace is built into a wrought-iron pan, and if the 
brickwork is well laid into the pan there need be no fear of lead 
breaking through below the jacket. The bars of bullion (containing 
as a rule 2 to 3 per cent. of impurities) are placed in the furnac~ 
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Softening of Base Bullion 

carefully to avoid injuring the hearth, and melted down slowly. 
The copper dross separates out and floats on top of the charge, 
which is stirred frequently to expose fresh surfaces. If the furnace 
is overheated some dross is melted into the lead again and will not 
separate out until the charge is cooled back. However carefully 
the work is done some copper remains with the lead, and its effects 
are to be seen in the later stages. The dross is skimmed into a 
slag pot with a hole bored in it some 4 inches from the bottom; 
any lead drained from the pot is returned to the charge. The 
copper dross is 'either sent back to the blast furnace direct or 
may be first liquated. By the latter method some 30 per cent. of 
the lead contents of the dross is recovered in the refinery. Base 
bullion made at a customs' smelter will often vary greatly in 
composition, and it is, therefore, difficult to give any hard and fast 
figures as to percentage of metals in the dross. As a rule our dross 
showed 65 to 70 per cent. lead, copper 2 to 9 per cent. (average 
4 per cent.), gold and silver values varying with the grade of the 
original bullion, though it was difficult to detect any definite 
relation between bullion and dross. It was, however, noticed 
that gold and silver values increased with the percentage of 
copper. 

Immediately the copper dross is skimmed off the heat is raised 
considerably, and very soon a tin (and arsenic, if present) skimming 
appears. It is quite" dry," and may be removed in an hour 'or so. 
It is a very small skimming, and the tin not being worth saving, is 
put with the copper dross. 

The temperature is now raised again, and antimony soon shows 
in black boiling-oily drops, gathering in time into a sheet covering 
the surface of the lead. When the skimming is about ~ inch thick, 
slaked lime, ashes, or fine coal is thrown on and stirred in. The 
dross soon thickens up, and may be skimmed oft' easily. This 
operation is repeated until all antimony is eliminated. Constant 
stirring of the charge is necessary. The addition of litharge greatly 
facilitates the removal of antimony, or steam or air may be blown 
on the surface of the metal to hasten oxidation, though they have 
anything but a beneficial effect on the furnace lining. From time 
to time samples of the dross arc taken in a small ladle, and after 
setting hard the sample is broken in two. A black vitreous appear
ance indicates plenty of antimony yet in the charge. Later samples 
will look less black, until finally a few yellowish streaks are seen, 
being the first appearance of litharge. When all antimony is out 
the fracture of a sample should be quite yellow and the grain of the 
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Des-ilverist"ng Lead Bull.zon 

litharge long, a short grain indicating impurities still present, in 
which case another skimming is necessary. The analysis of a 
representative sample of antimony dross was as follows:-

PbO 78'11 per cent. 

SbP4 8'75 
" 

ASP3 2'18 
" 

CuO 0'36 
CaO 1'10 

" Fe20 3 0'42 
" 

AIP3 0'87 
" In sol. 4'10 
" 

Antimony dross is usually kept separate and worked up from 
time to time, yielding hard antimonial lead, used for type metal, 
Britannia metal, etc. 

DESILVERISATION.-The softening being completed the .charge is 
tapped and run to a kettle or pan of cast iron or steel, holding, 
when conveniently full, some 12 to 13 tons. The lead falling into 
the kettle forms a considerable amount of dross, which is skimmed 
oft· and returned to the softening furnace. By cooling down the 
charge until it nearly "freezes" an additional copper skimminK is 
obtained, which also returns to the softener. The kettle is now 
heated up to the melting-point of zinc and the zinc charge, deter
mined by the gold and silver contents of the kettle, is added and 
melted. The charge is stirred, either by hand or steam, for about 
an hour, after which the kettle is allowed to cool down for some 
three hours and the first zinc crust taken off. When the charge is 
skimmed clean a sample of the bullion is taken for assay, and while 
this is being done the kettle is heated up again for the second zinc 
charge, which is worked in the same way as the first ; sometimes 
a third addition of zinc is necessary. The resulting crusts are kept 
separate, the second and third being added to the ncxt charge as 
"returns," allowing 3 Ibs. of zinc in returns as equal to 1 lb. of 
fresh zinc. An alternative method is to take out gold and silver in 
separate crusts, in which case the q~lalltity of zinc first added is 
calculat~d on the gold contents of the kettle only. The method of 
working is the same, though subsequent treatment may differ in that 
the gold crusts are cupelled direct. 

As to the quantity of zinc required :-
1. Extracting the gold with as little silver as possible the following 

figures were obtained :-
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Extradion of Gold with Zinc 

Gold. 
Total gold in kettle-300 'ozs. : lb. ZlJ1C takes out 1·30 ozs. 

" " 
200 

" " " 
1·00 

" 
" " 

150 
" " " 

0·79 
" 

" " 
100 

" " " 
0·59 

" 
" " 

60 
" " " 

0·45 
" 

2. Silver zincing gave the following general results with ll-ton 
charges:-

Silver in kettle- 1450 ozs. : lb. ZlllC takes out 5·6 ozs. 

" " 
1200 

" " " 
4"1 " 

" " 
930 

" " " 
3·8 

" 
" " 

755 
" " " 

3·5 
" 

" " 
616 

" " " 
3·4 

" 
" " 

460 
" " " 

2·6 
" 

3. Extracting gold and silver togethcr :-
-----

Total Contellts of Kettle. 1 lb. Zine takes out 

Gold. Silver. Gold. 
I 

Silver. 

0%. 0%. Oz. Oz. 

494 3110 0·59 3·60 
443 1883 0·64 2·80 
330 2417 0·45 3·34 
204 1638 0·36 2·86 
143 1330 0·28 

I 
2·65 

123 1320 0·23 2-54 

It will be noticed that in each case the richer the bullion the 
greater the extractive power of zinc. Expcriments made on charges 
of rich bullion showed that the large amount of zinc called for by 
the table in use was unnecessary, and 250 lbs. was fixed on as the 
first addition of zinc. On this basis an average of 237 charges gave 
results as follows :--

Total Contents. Zinc used. 1 lb. Zinc takes out 
-----

Gold. Silver. Gold. Silver_ 

Oz. Oz. Lb. Oz. Oz. 
520 1186 407·5 1·27 2·91 
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Refining the Lead 

The zinc used was that necessary to clean the kettle, added as 
follows: 1st, 250 Ibs.; 2nd (average), 127 Ibs.; 3rd (average), 
57 Ibs. In 112 cases no third addition was required. From these 
figures it appears that in the earlier work the zinc was by no means 
saturated. 

REFINING THE L1DAD.-Gold and silvcr being removed, the lead 
is siphoned off into a refining kettle, and the fire made up. In 
about four hours the lead will be red hot, and when hot enough to 
burn zinc, dry steam, dclivered by a -i-inch pipe reaching nearly to 
the bottom of the kettle, is turned on. The charge is stirred from 
time to time, and wood is fed on the top to assist de-zincing and 
prevent the formation of too much litharge. In three to four hours 
the lead will be soft and practically free from zinc. 'When test 
strips show the lead to be quite soft and clean the kettle is cooled 
down and the scum of lead and zinc oxides skimmed off. In all 

hour or so the lead will be cool enough for moulding; the bar should 
have a yellow lustre on the face when set; if the lead is too cold it 
will be white, if too hot a deep blue. The refining kettles are sub
jected to severe strain during the steaming process, and hence their 
life is uncertain-an average would be about 60 charges-the 
zincing kettles, 011 the other hand, last vcry much longer. Good 
steel kettles (if they can be obtained) are preferable to cast iron. 

TREATMENT 0]' ZlNC CIWSTs.-Having disposed of the lead, let 
lIS rcturn now to the zinc crusts. These are first liquated in a small 
reverberatory furnace, the hearth of which is formed of a cast-iron 
plate (the edges of the long sides being turned up some 4 inchcs) 
laid on brasque filling, with a fall from bridgc to flue of -i inch pcr 
foot, and also sloping from sides to centre. The operation is con
ducted at a low temperature, and the charge is turned over at 
intervals, the liquated lead running out into a small separately 
fired kettle. This lead rarely contains more than a few ounces of 
silver per ton; it ·is baled into bars, and returned to the zincing 
kettles, or worked up in a sep<1rate charge. In two to three hours 
the crust is as "dry" <1S it is advis<1ble to makc it, and the liquated 
alloy is raked out over a sl<1nting perfomted pl<1te to break it up, 
and goes to the retort bin. 

RETORTING THE ALLOy.-This is carried out in Du F<1ur tilting 
furnaces-simply <1 c<1st-iron box swinging QIl trunnions :j,nd lined 
with firebrick. Battersea retorts (class 409), holding 560 Ibs. e<1ch, 
are used-their average life is about 30 charges. The retorts are 
charged hot, a small shovel of coal being added with the alloy. 
The condenser is now put in place, and luted on; it is made of 
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Retorting the Alloy 

i-inch iron, bent to form a cylinder 12 inches in diameter, open at 
one end; it is lined with a mixture of lime, clay, and cement. It 
has ~hree holcs, onc on the upper side close to the furnace, and 
through which a rod can be passed into the retort, a vent hole on 
the upper sidc away from the furnace, and a tap hole on the bottom 
for condensed zinc. In an hour or so the flame from the vent hole 
should be green, showing that distillation has begun. When con
densation ceases (shown by the flame) the condenser is removed 
and the bullion skimmed and poured into bars for the cupel. The 
products of retorting are bullion, zinc, zinc powder, and dross. 
Bullion goes to the cupel, zinc is used again in the desilverising 
kettles, powder is sieved to take out scmps of zinc and returned to 
the blast fumace, or it may be, and sometimes is, used as a pre
cipita,ting agent in cyanide work; dross is either sweated down in 
a cupel with lead and litharge, together with outside material, such 
as zinc-gold slimes from cyanide works, jeweller's sweep, miut 
sweep, etc., or in the softening furnace ,,£tel' the antimony has been 
taken ofl". In either case the resulting slag goes back to the blast 
furnace. The total weight of alloy treated is approximately 7 per 
cent. of the original base bullion. The zinc recovered is about 
60 per cent. of that used in desilverising. The most important 
source of temporary loss is the retort dross (consisting of lead-zinc
copper alloy, with carbon, silica, and other impurities), and it is here 
that the necessity of removing copper in the. softening process is 
seen, siilCe any coppcr comes out with thc zinc crusts, and goes on 
to the retorts, whcre it enters the dross, carrying gold and silver 
with it. If much copper is present the dross may contain more 
gold and silver than the retort bullion itself. In this connection 
I remember an occasion on which some retort dross yielded gold 
and silver to the extent of over 800 and ;1000 ozs. per ton 
respectively. 

CUPELLATION.-Retort bullion is first concentrated up (together 
with bullion resulting from dro~s treatment) to 50-60 per cent. gold 
and silver in a water-jacketed cupel. The sidc lining is protected 
by an inch water pipe embedded in the lining at the litharge level 
or by a water jacket, the inner facc of which is of copper; the 
cupel has also a water-jacketed breast so that the front is not cut 
down. The cupel lining may be composed of limestone, cement, 
fire-clay, and magnesite in various proportions, but a simple lining 
of sand and cement was found quite satisfactory. 'When the 
bullion is concentrated up to 50-60 per cent. gold and silver it is 
baled out and transferred to the finishing cupel, where it is run up 
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368 Cupellation of the Alloy 
( 

to about 995 fine; it is then ready either for the melting pot or 
parting plant. The refining test, by the way, is not water cooled. 

Re-melting is done in 2000-oz. plumbago crucibles, and presents 
no special features. In the case of dore bullion low in gold, 
" sprouting" of the silver is guarded against by placing a piece of 
wood or charcoal on the surface of the metal before pouring, and 
any slag is kept back. The quantity of slag formed is, of course, 
very small, so that the bars do not require much cleaning. 

The parting plant was not in operation in my time, and I am 
therefore unable to go into details. The process arranged for was 
briefly as follows: Solution of the donI bullion in sulphuric acid; 
crystallisation of silver as monosulphate, by dilution and cooling; 
decomposition of silver sulphate by ferrous sulphate solution giving 
metallic silver and ferric sulphate, which is reduced to the ferrous 
salt by contact with scrap iron. The gold and silver are washed 
thoroughly with hot water and cast into bars. 

In conclusion, some variations in practice may be noted. The 
use of two furnaces in the softening process has already been 
mentioned; by this means the drossing and softening are more 
perfect, and subsequent operations thereby facilitated; further, the 
furnaces being kept at a more equable temperature are subject to 
less wear and tear. Zinc crusts are sometimes skimmed direct into 
an alloy press in which the excess of lead is squeezed out while still 
molten; liquation is then unnecessary. Refining of the lead may 
be effected by a simple scorification in a reverberatory, the soft lead 
being run into a kettle from which it is moulded into market bars. 

These and similar points, however, do not fall within the scope 
of this paper, which is simply an account of some personal experi
ence in a most interesting branch of metallurgy; this, it is to be 
feared, must be the writer's only apology for introducing a subject 
somewhat outside the range of "practical politics" as at present 
defined on the Rand. 

The Chairman-The Parkes process has been in use at the Rand 
Central Ore Heduction Company for a number of years, but this IS 

the first time we have had any exposition of it here. 
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XXI 

A FEW REMARKS ON BANKET FORMATION 

By A. R. SAWYER (MEMBER) 

(Read at September Meeting, 1894) 

THE author contends that the facts brought out in Mr Von Gernet's 
paper at the previous meeting, in connection with the deposition of 
gold by electrolysis, must bear on the deposition of gold in the 
banket beds. He would not repeat what had been written already 
by himself and other writers on the subject, but would endeavour 
to suggest some further points requiring elucidation, and make a 
few observations on some more recently ascertained facts. The 
banket formation is, he believes, restricted to the Transvaal, Free 
State, and Zululand. This formation, though approaching to a 
basin shape in some localities, has not so far been conclusively 
proved to form a real basin in the Witwatersrand in depth. The 
curvature of the beds in the Witwatersrand goldfields, where these 
are steep at the outcrop, is often at a flatter angle at a certain 
depth. A curvature which was frequently extraordinarily regular, 
resembling a parabolic curve, was not sufficient evidence that the 
reefs would assume a horizontal position further south, where the 
beds dip at an angle of 30° and under; they do not so far assume a 
flatter dip in depth. Nor is the fact that these beds dip to the 
north in many parts of the Heidelberg district proof positive of an 
uninterrupted basin theory in depth. A geological section from 
Knysna to Fraserburg, covering a distance of 150 miles, which he 
made for the Cape Government, shows in what manner the beds 
of that region had been tilted, crumpled, and faulted by a tangential 
thrust or pressure proceeding from the Indian Ocean. Numerous 
thrust planes and reversed faults occurred, which threw the strata 
on to themselves, and also, many anticlinals which brought up the 
lower strata to the surface. It was possible that were a similar 
section made from Johannesburg through Heidelberg, Vryheid, and 
Zululand, phenomena of the same nature would be disclosed, and 

2 A 3&J 
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370 Theory 0.1 Banket Formation 

that -it would be found that owing to reversc faulting the banket 
beds occur ncarer the surface between Johannesburg and Heidelberg 
than an uninterrupted basin theory would suggest. If this view is 
correct, the main reef series of rocks might lie within a workablc 
depth between its outcrop and the large igneous sheet running east 
and west, about 6 miles to thc south, close to Mr Meycr's house on 
Kliprivcrsberg; whereas if the beds dip nnintel'I'uptedly to. the 
south, as they would do in a basin, they will vanish below a 
workable depth about :2 miles from their outcrop. The Yiew 
illustrated in 11 section accompanying admittcd the possibility of 
thc same series of beds being found at one or more localities to thc 
south-east, sufficiently neal' the surface to enable the payable reefs 
which it may contain being worked. Such a possibility cxists in 
thc Heidelberg district oyer a large area. ,Vith regard to the 
manner in which the banket formation was formed, there is no 
reason for supposing that the sandstones, quartzites, shalcs, and 
slates, of which it is composed, were formed diffcrcntly from rocks 
of a similar nature elsewhere, and that they are sea-borne detritus 
of rocks of fonner ages. The manner in which thc banket forma
tion has becomc broken up, tilted, and readjusted, has to some 
extent already becn explained. Eruptions of hasic igneous rocks 
occmrcd, in his opinioll, previous to, concurrently wi.th, and 
subsequently to the disturbance produced by a lateral thrust. 
The rocks forming the banket formation have not always heen in 
the statc of cOllsistcncy in which we now find them. Heat and 
moisture comhined in depth before they werc raised to their prcsent 
horizon to form them into a pasty mass. Thc intrusion of igneous 
rocks suhjccted them to a rise in temperaturc, and the tilting, 
collapsc, and readjustment also developed heat within them .. No 
fossils havc, to Mr Sawyer's knowledge, bcen found in the banket 
formation, the dcndritic impressions, so often thought to be of 
organic origin, being merely the result of a rearrangcment of 
particles possibly arrested by a weak clectric current. The banket 
formation was probably formed ciuring Devonian or Carboniferous 
ages. ,Vith rcgard to the chcmical aspect of the question, Mr 
Sawyer quoted from his pamphlet, written in 1889: "Hocks are 
porous; conglomerates are more porous than the encasing rocks, 
hcnce thcy would be the paths chosen by the ascending hot waters 
or vapoUI's containing gold, and it would be deposited in the matrix 
of the conglomerates, 'and to some exterit in the pores of the encas
ing rocks as well." That the conglomerate beds were more porous, 
and will have offered a freer road to ascending solutions, will be 
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Deposition 0.1 Gold in the Banket 37 I 

evident from the fact that even in cyanige vats solutions pass more 
freely through the coarse material. The fact that frequently the 
larger the pel;>bles the richer the reef will thus be explained. Mr 
Sawyer quoted from his recent book on .the goldfields of Mashona
land: "Intrusions of basic igneous rocks occur as dykes and 
sheets. At their junction with the schistose rocks minerals have 
been developed in the latter by contact metamorphism. Thcsc 
being thc deep-seated rocks, they frequently contain the hcavicr 
metals in grcater abundance, and it is in rocks in contact with thcm 
or derivcd from them that mincraliscd veins most frequently occur. 
The ore particlcs and vcinstone of which these veins are composed 
are derived from thc neighbouring rocks, and have been dcpositcd 
from solutions not necessary in fissures, but more oftcn alO1lg 
certain cleavage or foliation planes by interchange or rcplaccmcnt 
of the morc soluble portiolls of the rock." These last rcmarks, so 
far as the facts collected up to the present enable olle to form an 
opinion, apply partly to the introduction of the gold in the ,bankct 
formation. Just as in any ordinary quartz veins there has been an 
interchange and replacement of the more soluble portions of the 
rock in which thc vein was formed, so in the bankets the matrix 
has become altered, and gold, silver, and pyrites have been carried 
therc in solution. The m,atrix has also become very much more 
siliceous, so that if it wcrc not for the pebbles a piecc of banket 
would resemble a piece of ordinary vein quart;.: in depth. A thcory 
has been advanced in which the gold is described as having bccn 
precipitated from a solution at the timc of the formation of thc 
banket beds. It is supposed that driftwood collected in some way 
by the pebblcs precipitated thc gold around thcm. An examination 
of the assay plans at the various mines, with an examination of the 
reefs, establishcd the following facts, which agree better with thc 
theory that thc gold was deposit-ed after the formation of the 
bankets than at thc time of their formation: 1. That the gold is 
very evenly distributed in the south reef and its leaders in the 
vicinity of Johannesburg. 2. ~hat although the gold is pretty 
evenly distributcd in the other reefs, yet certain richer patches or 
shoots occur as in ordinary quartz veins, and some poorer patches 
which are lcft in. 3. That exceptionally rich pockets arc occasioll
ally found, in which thc gold occurs along with pyrites. 4. That 
the richer patches 01' shoots are not necessarily in close proximity 
to igneous dykes so far as these are at present disclosed; but, O~l 
the contrary, that thc reefs are in some instances poorer neal' the 
dykes. 5. That whenever, as sometimes occurs, the reef is richer 
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372 Deposition 'of Gold in the Banket 

than the average on one side of a dyke it is poorer on the other 
side. 6. That frequently when the reefs are thinnest they are 
richest. Leaders, being thin, are usually much richer than the 
reefs near which they lie. 7. In the south reef the larger the 
pebbles, as a rule, the richer the reef. This applies to some extent 
also to other reefs, but there are exceptional cases in which the 
richer portions of the reef have smaller pebbles. Barren beds with 
large pebbles also occur in the banket formation. 8. At some 
mines the richer shoots have, like the prevailing faults, a north-west 
to south-east trend. 

[Note.-The original MSS. of this paper was by some mischance lost, 
and consequently it was not printed in the first or second 
volumes. The foregoing is a summary of the paper published 
in the Johannesburg Star, September 17, 1894. Our 
apologies are due to the author for this great delay in 
reprinting the paper. See also VoL 1. p. 65 for a further 
reference by Mr Sawyer.-Ed. Com.] 
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APPENDICES 

I 

PROCEEDINGS AT MONTHLY GENERAL MEETINGS 

MAY 10, 1902 
THE first ordinary MOllthly Meeting, since thc outbreak of hostilities in October 
1899, of Thc Chemical and Metallurg'ical Society of South Africa was held in the 
Council Chamber, in the Chamber of Mines Building, Johannesburg, on Saturday 
afternoon, May 10, 1902. . 

In tho absence of the Presidcnt (Mr John R. Williams), Mr Edward H. Johnson, 
Vice-President, took thc chair, and there was a total attendanee of 35, as follows :-

28 Membcrs-Messrs W. A. Caldecott, A. F. Crosse, G. A. Darling, R E. Hall, 
J. Littlejohn, S. H. Pearce (Council), F. F. Alexandcr. A. Bently, W. Boyd, T. L. 
Carter, Dr F. Garny, J. Hanrahan, S. H. Hart, J. Higham, 1\1. Knight, G. D. R. 
MacCarthy, A. Mennie, J. '1'. Milligan, P. T. B. Morrisby, J. D. O'Hara, S. S. 
Osborn, C. H. Pead, F. W. Philpot, T. P. Waites, W. W. Ward, A. Whitby, D. J. 
Williams. 

5 Assoeiates-Messrs J. T. Caine, C. H. Cotterell, A. von Dessaucr, C. Dixon, 
F. K Shaw. 

1 Visitor, and Fredk. Rowland, Hon. Secretary. 

GENERAL BUSINESS 

'rho Chairman moved the adoption of the proceedings of the last meeting on 
Se~,tembcr 16, 1899, as published in the September issue of the Jnnrnal. 

The motion was scconded by Mr A. F. Crosse and carried unanimously. 

CHAIRMAN'S ADDRESS 

The Vice-President (Mr K H. Johnson)-It is a matter of extreme regret to my· 
self, and, I am sure, to all of you, that ill-health has deprived us of the presence of 
our President at this our first meeting under the Union Jack. Knowing his enthusi· 
astic interest in the welfare and progress of this Society, his regret, I am certain, 
will be equally great at being unable to extend to you thc hearty welcome that in 
his absencc it is my plcasure and privilege to express on behalf of myself and 
Council. It is a great satisfaetion to be able once mOre to foregather and devote 
ourselves to considerations pertaining to our normal purmits, and I trust the days 
of " alarums and excursions" are well.nigh passed for us, so that we shall be able to 
pursue our avocations and investigations for the future without interruptions. Our 
separation shortly after our meeting in Reptember 1899 was, 1 am afraid, more 
remftrkable for celerity than dignity, but I trust our reunion is to be permanent, 
and that the degree of prosperity and useful labour we had achieved before the war 
may be again reached and; I hope, surpassed in the near future. 

The Sccretary has supplied me with a statement of Our financial po<ition, which 
would be stttisfttctory if all the amounts outstanding' were paid. Our liabilities are 
small-about £30 ; Ollr bank balance is £44, while there is .due from Members, 
Associates, and JOlll'n(c/ advertisements nearly £700. Our financial' year ends next 
month, when subscriptions will again fall due. I trust Members will take into con
sideration the urgent need we have for funds to carry forward the work of the 
Society, and endeftvour to hand in their subscriptions early. In addition, as before
mentioned, a considerablc number of subscriptions due in 1899 are still unpaid, and 
I must ask Members to please forward these little amounts to the Hon. Treasurer, 
Mr A. F. Cros-e, Box 598. We wish to recommence publication of the Jonrnal as 
soon as possible, and to enahle us to do this two things are required: the funds to 
cover cost of printing and the necessary matter to print. Of the latter I have little 
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376 Proceed£llgs of Monthly Meet£ngs 

fear, and of the former I hope that the Members will soon remove all doubt. While 
on the subject of finances, I may mention that it will be necessary for you to elect 
two Auditors at this meeting. The Auditors, Messrs Bevington and Fordham, elected 
in 1899, being both most unfortunately too seriously ill to act. 

At our next meeting in June, in accordance with our constitution, it will be 
necessary for you to elect your Officers and Council for the coming year. Although 
much beyond the period for which they were elected, your present Council has 
continued to act pending the return of a sufficient number of Members to form a 
representative meeting. Kindly send in your nominations to the Secretary in the 
usual way not later than June 7th next, and I hopo a very full meeting will be able 
to assemble for that oocasion. • 

Our late President, Dr Loevy, once facetiously gave an analysis of what he con
sidered were the salient characteristios of the Members of this Sooiety, and you 
may remember that .. fighting qualities" accounted for the major peroentage. The 
painful period through which we have been passing for the last two and a half years 
has exemplified the truth of his analysis in a manner he littlc antioipated. Quite 
a considerable number of our Mcmbers have, dUling this war, laid aside the burette 
to take up the rifle on their country's behalf, and we are all very proud of their 
gallant efforts. Unfortunately, the reflected glory that has been shed upon the 
Soeiety by their bravery and patriotism has been only too dearly bought. We 
have to deplore a heavy casualty list among our l'ilembers. Major Doveton and 
Capt. Clement were Members of the Sooiety, and in addition Mossrs Garfield, 
Benson, G. J. Fitzpatrick, R. S. O. Ingle, B. :\1:orrisby, and H. L. Aschmann, our 
fellow Members, also fell in aotion. It is impossible at present to obtain information 
of all our Members, and I fear, though I sincerely hope I may be wrong, that we 
may have cause to add still other names to this sad "roll of honour." I hopc, 
before long, it may be found possible to erect some permanent memorial to those 
who have fallen, and prove that we are not unmindful of their gallant deeds. 

Turning to thc future, and antioipating a period of calm after the stirring times 
we have passed through, I see no reason to doubt that our proceedings will maintain 
their past record of interest and value. The field of investigation and nisoussion 
strictly relating to our work has by no means beoome exhausted, and there are 
many matters of great interest to our seotion of the industry awaiting initiation 
and development, besides muoh of pure research and analytioal work that is of 
inestimable value. We have often laid the flattering unction to our souls that our 
methods were in advanoe of other goldfields. Whether, when we are once more 
in touch with the progress that has been made in other oountries during the two 
and a half years of her hibernation, we shall still bo able to so flatter ourselves is 
doubtful. Therefore, gentlemen, it behoves you to make still greater efforts to 
retrieve our lost ground, and I am confident that when oonditions enable your full 
energies to be put forward, you will be fully capable of maintaining your lead. In 
this connection we shall greatly need the enthusiastic energy of our President, and 
I trust he may be. soon restored to use in full health and vigour, to incubate the 
latent and bashful talent that lies hidden in so many of our Members. I think, too, 
that the removal nf a oertain tendency to aorimony in debate whioh has oooasionally 
characterised our disoussions would be a considerable enoouragement. 

I see from the report of the Chamber of Mines Meeting that it is estimated that 
17,000 stamps (or nearly treble the present stamping power) will be working in five 
years' time. As, on that basis, every additional grain of gold per ton extraoted will 
mean an increased earning of a quarter of a million sterling per annum, there is no 
detail of improvement, however insignifioant, that we oan afford to negleot. 

With reference, too, to our future development, you may remember a remark 
by Mr Crosse in the oourse, I think, of his paper regarding "Determination of 
Oxygen in Working Cyanide Solutions," on the urgent need there was, locally, fOJ' 
a properly equipped lecture theatre, where papers might not only be read, but 
demonstrations of prooesses given. I am pleased to hear there is a possibility of 
some suoh soheme being formulated, and, though embryonio at prosent, there is 
oonsiderable enoouragement for hope that it may be oarried through. A theatre of 
this description would add greatly to the interest and instructiveness of papers and 
disoussions, and enoourage the much-needed development of purely researoh work. 
The affiliation of the various teohnioal sooieties into a Poly technical Institution, 
each devoted to the development of its partioular seotion, but with a central oom
mittee for the arrangement of the purely business matters, would tend to greatly 
advance the general interest in scienoe, and more espeoially to that applied form 
relating to the industry. 

In conclusion, gentlemen, I should like to reiterate the pleasure it gives me 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
)



Proceedings of Monthly Meetings 377 
circumstances permit us to meet together once more, and to wish you all, collec
tively as a Society and individually as Members, a very prosperous future_ 

Mr A_ F_ 'rosse-We are met together this afternoon not so much for thc ordinary 
reading of papers-1 have a short paper, it is very short-but to give ourselves an 
opportunity, as we have not met for two and a half ycars, of discussing any points 
of importance or suggestions with regard to the future management of the Society, 
or any ideas wc may have with regard to any proposals. '1'here is onc point Mr 
Johnson referred to in his address to the Society which interests me very much. 
There is a scheme on foot, which has not advanced beyond the first stage, to crcct 
somewhere in town a public lecture hall in connectiun with thc various societies, in 
which there would bc also one or two committee-rooms and rooms for thc societies. 
I think if the technical societies of Johannesburg can come to somc arrangemcnt 
and a lecture hall of this kind can be erected, it would be a very great advantage to 
us all. Of course the Chamber of Mines have always bccn very kind, and this 
room is a very pleasant room to meet in, but it is not quitc large cnough for some 
of our meetings, and it is not quite suitable for demonstrating in--wc cannot do it on 
the table. If we had a lecture hall with seats ranged one abovc another, and a 
table with gas, water, and electricity laid down, experiments conld be shown and 
certain reactions proved to the Members, and therc could be a large room not far 
from it whcre the Members could rctire after the meetings and mect their friends
sometimes we do not see each other for scveral months at a time. I do not suppose 
anything strong!,r thau tea could be supplied. I hope the Members of this Society 
will support the scheme. I do not suppose we will be required to pay very much, 
because the income would be quite sufficient to pay the interest on the moncy. 

Mr A. F. Crosse theu read a paper entitled, "N otcs on thc Analysis of Cyanidc 
So I u tions. " 

ELECTION OF AUDITORS 
The election of Hon. Auditors was then proceeded with. Messrs '1'. Lane Cartcr 

an, I J. Hanrahan were nominated and unanimously clected to audit the Society's 
accounts to be presented at the Annual Meeting. 

The Chairman-The Sccretary requests you, gentlemen, to advise him early of 
any changes of address. We intend to get the proceedings of this meeting printed 
as nearly as possible in journal form, and every Member's correct address is required 
in order that there may be no unnecessary delay. Would you please ask any othcr 
Mcmbers not present to do thc Same. 1 think that closes our business for this after
noon. The reason we called the meeting for three in the aftcrnoon was on account 
of the awkwardness of the trains for the outside districts. I supposc we had better 
continue until we g'et a better train service. It is not proposed to ask for sub
scriptions for the years 1900-0l. 

The Sccretary-'rhe subscriptions due July I, 1899, for the year cnding Junc 
30, 1900, will now cover the period ending June 1902. 

The meeting then terminated. 

JUNE 21, 1902 
The sixth Annual General Mecting of The Chemical and Metallurgical Society of 

South Africa was hold on Saturday afternoon, June 21, 1!J02, in thc Council 0hamber 
of the Chamber of Mines Building, Johannesburg. 

The Vice-President (Mr Edward H. Johnson) occupied the chair, and there was a 
total attendance of 28, as follows:-

21 Members-Messrs W. A. Caldecott, A. b'. Crossc, G. A. Darling, J. Littlejohn 
(Council), F. b'. Alexander, P. Billyard, '1'. L. Cartcr, R. L. Edmiston, J. Hanrahan, 
S. H. Hart, A. Mennie, P. 'r. B. 1I10rrisby, C. H. Pead, F. W. Philpot, G. Seeton, 
A. F. Stcwart, J. E. Thomas, H. Warren, A. Whitby, J. Yates. 

3 Associates-Messrs B. P. Carter, C. Dixon, C. W. Salisbury. 
3 Visitors, and Fredk. Rowland, HOD. Secretary. 
The Chairman movcd that the proccedings of the last meeting on May 10th be 

confirmed. 
The motion was seconded by Mr J. Yates, and carried. 

NEW MEMBERS AND ASSOCIATES 

The following gentlemen were elected Mcmbers of the Society :-Messrs William 
Branson, Ludovic Colquhoun, William Cullen, Clement Dixon, A.I.M.M., John 
Augustine Taylor, and Erich H. Weiskopf. 
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The Secretary notified that Messrs James Wensley Gray, James Gordon Hardy, 
Ernest Hollis, Philip J. S. Lobb, and Walter Harry Virgoe had been admitted 
Associates by the Council. 

ANNUAL REPORT AND BALANCE SHEET 

The Hon. Secretary then read the Annual Heport and submitted the yearly 
accounts of the Society, as follows :-

In submitting the Report covering the period June 1899 to June 1902, your 
Council find themselves possessed of little data on which to report, fivo months only 
of that period having been actively occupied by this Society. 

When the outbreak of hostilities in October 1899 put a period-not a full stop wc 
are pleased to say-to our proceedings, the Society was in an exceedingly flourishing 
condition. Weare pleased to note that, although we had only one meeting since the 
war, the Society already shows signs of healthy recuperation, and we are confident 
that very few months will elapse before we have recovered the lost ground. 

Our roll of membership is somewhat uncertain at present, many Members having 
not yet returned, while others have failed to advise us of change of residence, but it 
is daily becoming strongor. 

Since the last General Annual Meeting' of the Society 29 Mcmbers have been 
elected and 25 Associates admitted, making' a total of 300 Members and 252 Associ· 
ates. This, with 9 Hon. Members and 1 Life Membcr, made our total membership 
562. From this must be deducted 18 Members and Associates whom we have greatly 
to regret the loss by death. They are :-

KILLED OR DIED ON ACTIVE SEltVICE 

(A) Mr H: L. Aschmann (United Main Reef, Roodepoort). Tpr., I.L.H. Killed in 
action near Frederickstad. 

(A) Mr W. A. Benson (United Ivy, Barberton). Corporal, Bethune's JILL Killed in 
action at Scheepers' N ek. 

(A) Jlir. J. Clement (Rand Mines). Capt., R.P.R. Killed in action at Zand HiveI'. 
(A) Mr T. R Dodd. Major, RP.R. Died of Dysentery at Elalldsfontein. 
(A) Mr D. E. Doveton (Village Main Reefi. Major, I.L.H. Died of wounds during 

the Siege of Ladysmith. 
(A) Mr G. J. Fitzpatrick (Treasury Gold Mines). 'I'pr.,LL.H. Killed in action at 

Willow Grango. 
(M) Mr W. Garfield (Sec. Ferreira Dcep). Sergt., Bethune's JILL Killed in action 

at Scheepers' N ek. 
(A) Mr R. S. O. Ingle (Unitcd Ivy, Barbcrton'. Tpr., Bethune's M.L Killed in action 

at Scheepers' N ek. 
(A) Mr B. Morrisby (Nourse Deep). Tpr., French's Scouts. Died of wounds at 

Arundel, C. C. 
(M) Mr G. Schmitz Dumont. An old Government Mining Inspcctor, and, beforc the 

war, Manager of the New Goch Gold Mines, who was killed with the burgher 
forces at Spion Kop. 

(M) Mr G. Jli. Bloomer (Nigel G.M. Co.). Accidently killed in [{hodesia. 
(M) Mr Telford Edwards, 'of Bulawayo. Died of Blackwater Fever at Salisbury. 
(M) Mr C. F. Eustace (Barrett's G.M. Co.). Died of Enteric Fever. 
(M) Mr Adolph Goerz. One of the oldest Members of the Society, who died OIl July 

28, 1900. 
(A) Mr W. T. Hislop (Village Main Reef). After coming safcly through active 

service died of some brain trouble in Johannesburg Hospital in March 
last. 

(M) Mr F. C. Pengilly. Formerly an active Mcmber of the Society, who left tbe 
Rand for Canada. 

(M) Mr C. J. Trimble (Crown Reef). Who was accidentally killed just before thc 
war. 

(M) Mr F. M. Watson (Consolidated Goldfields of S.A.), who died at Canncs, 
February 18, 1900. 

In this connection it has been suggested that something should be done to com· 
memorate·in.some way the memory of those who have fallen in the war, and the 
Council invite suggestions as to what course should be adopted. 
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Proceedings of Monthly Meetings 379 

During the period under review five ordinary Monthly Meetings have been held, at 
which the following business bas been transacted :-

June 17, 1899 (Fifth Annual General Meeting)-Council's Annual Report; The Pre
sident's (Dr J. Loevy) Valedictory Addrcss ; discussion on previous papers. 

July 15, 1899-The President's (Mr John R. Williams) Inaugural Address; discussion 
on previous papers. 

Aug-ust 19, 1899-Somc Notes on Mine Surface Sampling, by Mr S. H. Pearcc; The 
Use of Vats in place of Zinc Boxes, by Mr W. A. Caldecott; discussion on 
previous papers. 

September 16, 1899-Discussion on previous papers. 
May 10, 1899-Chairman's (Mr E. H. Johnson, Vice-Prcsident) Address; Some Notes 

on the Analysis of Cyanide Solutions, by Mr A. F. Crosse. 

·The average attendance at these meetings has heen 50. 
Six Council Meetings have been held, at which the attendances have heen as 

under :-

-Mr J. R Williams 
" A. Aiken. . 
" W. A. Caldecott 
" A. F. Crosse . 
" G. A. Darling. 

2 
3 
4 
6 
3 

Mr E. H .. J ohnson . 
"R E. Hall 
" J. Littlejohn 
" S. H. Pearcc 

Dr J. Loevy . 

6 
3 
4 

'4 
:2 

In the extention of the Empirc which has taken place sincc thc last Annual Meet 
ing, and the prospects it holds forth of a more rapid devclopment of the mincral and 
agricultural resources of the country, we hope to sce this Society taking a leading 
part in solving the prohlOIm of the profitable winning of the varied metalliferous 
wealth of the new Colonics, and by this means enhancing the value of onr transactions 
and increasing their general interest. 

We again wish to express our thanks to the Transvaal Cham her of Mines for the 
generous manner in which they have always plrtced their Council Uhamber at the 
<lisposal of our Society for its meetings. 

The Chairman-In moving- tlie adoption of this Report and Balance Sheet I am 
very pleased to find that we are in a much more flourishing condition this month 
than at the last meeting, and I think we shall g;o safely ahead now without any fear 
of running short of funds. _ 

Mr A. F. Crosse seconded, and the motion was earried unanimously. 

ELECTION OF OFFICERS AND COUNCIL 

The election of Officers and Council for the year ending Juno 1903 was then 
proceeded with. 

The following Officers were declared elccted, thcrc heing no other nominations:-

P1"esident-Mr J. R Williams. 
Vice-P1"Csident -Mr E. H. Johnson. 
IIon. TreasureJ'-Mr J. Littlcjohn. 

On a ballot being taken the following Mcmbers :verc elected Members of Council :-
Council- Messrs R G. Bevington. 

W. A. Caldecott. 
'r. L. Carter. 
G. A. Darling. 
R E. Hall. 
S. H. Pearce. 
A. Whitby. 
J. Yates. 

ELECTION OF AUDITORS 

Messrs A. Aiken and F. F. Alexander were elected Auditors for the ensuing year. 
Mr C. Dixon rcad a paper entitled, "Notes on the Trcatmcnt of Slimes by 

Fi)ter Presses," which was shortly discussed by Mcssrs J. Yatcs, A. F. Crosse, W. A. 
C.tldecott, and the Chairman. 

'Mr A. Whitby read a contribution to the discussion on the paper by Mr A. F. 
Crosse, "Notes on the Analysis of Cyanide Sol~tions." 

The meeting then closed. 
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Dr. REVENUE ACCOUNT FOR THE PERIOD ENDING JUNE 20, 1902. Cr. 

1899. 
£ s. d. 

97 9 0 
12 l4 3 
44 16 6 
54 0 0 

19:J 12 6 
----
402 12 3 
65 12 0 

(6~0 7 4 

267 2 9) 
---
325 4 7 

793 8 10 

EXPENDITURE. 1902. I 1899. 
£ s. d. £ s. d. £ s. d. 

To Charges (including Postages, 
Bank Charges, Attendance, etc) 19 13 2 

Stationery . . . I 0 0 
" Printing and Advertising 12 3 0 

Rent and Lighting. 21 0 0 
Secretary's Salary to 30/9/99 87 10 0 

" Loss on Annual Dinner 
Society's Journal-

Cost of Printing', Reporting, 
Postages, Sundries, etc. . 230 16 2 

Less Received for Subscrip-
tions and Advertisements 88 3 9 

" Balance, being excess of Revenue over 
Expenditure 

141 6 2 

142 12 5 

334 10 0 

487 5 0 
222 13 6 

80 17 0 
2 13 4 

618 8 7 I 793 8 10 

REVENUE. 

By Subscriptions
Members 
Associates . 

Entrance Fees 
Deficit 

1902. 
£ L d. £ L d. 

477 15 0 
111 5 7 

580 0 7 
29 8 0 

618 8 7 

BALANCE SHEET AT JUNE 20,1902. 

1899. LIABILITIES. 1902. 1899. 
£ s. d. £ s. d. £ s. d. £ s. d. 
46 13 6 1'0 Sundry Creditors. . 40 0 6 21 11 6 

" 
Subscriptions for 1903 paid 1 8 1 

40 17 0 in advance. 18 18 0 
Revenue Account-

~5 9 7 Balance at June 16, 1899 . 92 16 3 (45 19 5 
eficit " June 20, 1892, 
2 13 4) as above 334 10 0 20 7 11) 

---- 427 6 3 ----
92 16 3 25 11 6 

72 19 8 
58 16 0 

180 6 9 
---1--486 . 4 9 180 6 9 

We have examined the foregoing Statements of Account, compared them with the 
Books and Vouchers of the Society, and we find the statements to be true and correct. 

T. L. CARTER, }" A d' J. HANRAHAN, 1wn. 11 1 (ors. 
JOHANNESBURG, June 20, 1902. 

ASSETS. 1902. 

By Cash at Bank 
Cash in hand 

£ L d. £ L d. 
166 4 7 
080 

Transactions-
Balance of cost . . 32 5 10 
Sales during period ending 

20/6/02 25 14 1 

" Sundry Debtors (for advertisements, etc.) 
Member's Subscriptions, due and unp~id 

166 12 7 

6 11 9 

83 19 5 
229 1 0 

486 4 9 

EDWD. H. JOHNSON, Vice-President. 
A. F. CROSSE, Han. Trea,urer. 
FREDK. ROWLAND, Han. Secretary. 

Assoc. IrlSt. SecI'etarles. 
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Proceedings of Monthly Meetings 

JULY 19, 1902 
The ordinary Monthly Meeting of The Chemical and Metallurgical Soeiety of 

South Africa was held on Saturday evening, July 19, 1902, in the Council Chamber 
of Mines Building, Johannesburg. 

The President (Mr John R. Williams) occupied the chair, and there was a total 
attendance of 43, a. follows :-

24 Memhers-Messrs E. H. Johnson (Vice-President), R. G. Bevington, W. A. 
Caldecott, T. L. Carter, A. F. Crosse, G. A. Darling, J. Littlejohn, S. H. Pearce, 
A. Whitby, J. Yates (Council), J. F. Bagshaw, C. Dixon, R. L. Edmiston, J. Ga"e, 
G. Melvill, A. Mennie, J. T. Milligan, P. T. B. Morrisby, G. Seeton, J. A. 'raylor, J. 
E. Thomas, H. Warren, C. H. N. Williams. 

9 Associates-Messrs G. K. Allen, J. D. Brown, B. P. Carter, J. Davidson, S. B. 
Hutt, F. E. Shaw, F. Smith, H. J. Spandaw, R. A. Wilson. 

9 Visitors, and Fredk. Rowland, Hon. Secretary. 

NEW MEMBERS AND ASSOCIATF.S 

The following gentlemen were elected Members of the Society:-Messrs Francis 
L. Bosqui, A. B. Duirs, Joseph P. Gazzam, Reginald P. Glover, Ernest Hollis, 
Charles Richard Hutson, John McLennan, R. G. Campbell Pitt, Alexandcr 
lticbardson, Ernest Patrick Smyth, H. WaringtonSmyth, M.A., LL.B., F.G.S., etc., 
and J ames Thomas. 

The Secretary notified that the following gentlemen had bcen admitted Associates 
of the Society by the Council on the 11th inst. :--Messrs Douglas Christopherson, J. 
A. Jones, Arthur W. K. Pierce, Edwyn D. Raine, Thomas Ayrton White, and the 
Baron von Wrede. 

The President-I hope every Mcmber of the Society will do his best to increase 
our number. I think if €ach of us were to use a little influence there is nO reason 
why our membership should not reach a thousand before the end of the present year. 

GENERAL BUSINESS 

The Hon. Secretary read a letter from Mr A. C. Claudet, of London, an Associate 
of the Society, as follows ;-. 

Dear Sir, ... I enclose cheque for £5,58., which, with your Council's approbation, 
I should like to be devoted to a subscription to the Memorial, suggestcd in youI' 
circular, "in memory of those who have fallen in the war," or to any other purpose 
your Council may decide upon. 

I wish to express my pleasure that your Society has re·started its business, and to 
give you my best wishes for a successful and prospcrous career under altered and 
improved circumstances, and I have every belief that its career will be as satisfactory 
in the future as in the past. In my humble opinion the cyanide process is still in its 
teens, but under your Society's guidance it should rapidly approach its majority. 
To show you that the cyanide process with regard to the treatment of low grade 
base ores is rapidly making progress, I enclose an excerpt from Lock's last book on 
" Gold Milling," which may interest some of your Members, from the point of view of 
coarse dry crushing and direct treat·ment with weak solutions of cyanide (0'5 per 
cent.) on the large .cale in Borneo. 'rhis process was worked out by me in 1895. 

It will interest you to know that Mr Hennen Jennings has been elected President 
of our Institution of Mining and Metallurgy for next year, an honour for us as well 
as for you. 

Yours very faitbfully, 
ARTHUR C. CLAUDET. 

Mr A. F. Crosse-It always gives us very grcat pleasure here in J ollannesburg to 
hear that our work is being appreciated in other parts of the world, as wc do in 
the letter from Mr Claudet, whose name is well known here, and has been well 
known for many years in London in connection with metallurgical questions. I 
am glad that the work of Members of the Society has been appreciated in this way, 
because, in a book that recently came out in London on the cyanide question I find 
that the names of Johannesburg men are conspicuous by their absence. We do not 
want to boast about what we have done in any way, but I am sure we in 
Johannesburg have done our share for the advancement of the cyanide process, 
which was a very crude process when introduced here twelve years ago. 

The Han. Secretary then read the excerpt enclosed by Mr Claudet from Warnford 
Lock's book on " Gold Milling; Principles and Practice," as follows ;-
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Proceedillgs of Monthly Meetings 

" It will come as a surprise to many that cyanidation plants on a very large scale are 
being most successfully run in Borneo, and much interest will, I am snre, be taken 
in the subjoined notes on the,subject, which Mr A. C. Claudet has most kindly taken 
tbe trouble to contribute. 

" Near Kuching, in the district of Sarawak, a State under the rule of Rajah Brooke 
and protected by the British Government, the Borneo Co., Ltd., are working 
auriferous deposits of large extent, for the treatment of which they have crectcd two 
mills, about 4 miles apart, at places Hamed Bau and Bidi, the former treating 
100,000 tons per annum and the latter 50,000 tons. It is rcliably cstimated that the 
quantity of ore in the two deposits which can .be worked by quarrying alone is in thc 
ncighbourhood of two million tons, so that there is abundant justification f"r laying 
out extensive works. T;le main characteristics of the ore are alike in the two 
deposits. The ganguc amounts to about 91 per cent., and contains carbonate of lime 
and oxide of iron, with more clay at Bau than at. Bidi .. 'l'he ore is essentially 
oxidised; carrying a littlc antimony, copper, lead, and zinc, together with some 
arsenic and sulphur, each of these constituents being present in the proportion of 
less than 2 per cent.; antimony and arsenic are sensibly more prevalent at Bidi than 
at Bau. Much thc greater part of the gold present is in a remarkably fine state of 
division, and is not amenable to economic extraction by any process but cyaniding 
according to most extensive trials. But its adaptability to cyanide treatment o~ 
the most simple lines has bccn amply proved by Mr Claudet's investigations. 'l'he 
process adopted at both works, though not absolutely identical in the detail of the 
milling, othcrwise consists uniformly in coarse dry crushing and direct cyanidation 
with weak solutions. Thc Bau arc is somewhat argillaccous, and, after !,assing 
through a gyratory breaker, is kiln-dried before it goes to thc finer crushing in 
Dodge breakers and rolls, whcncc it is delivered at a gauge of ~ inch. At one timc 
the mesh preferred was 1 inch, but latterly the ore has given bettcr results at !J inch. 
The Bidi ore is crushed no finer than to 2-inch mesh, the only machincry uscd being 
Blake-Mar;den hreakers arranged in two tiers. This is surely the coarsest crushing 
which has cver been attcmpted for a lixiviation process, and is in itself a feature 
which invcsts the installation with special importancc. The adoption of such coarse 
milling bcing the outcome of many trials, and not a mere casnal circumstance, it 
possesses much significance; ami is distinctly suggestive in relation to similar ores 
elsewhere. At both works the crushing machinery deliver, direct to the leaching 
tanks, which have 400 tons capacity ai Bau and 100 tons at Bidi. In the former case 
2 to 4lbs. lime per long ton of ore are added when charging the vats, being fOlilld to 
accelerate percolation; at the latter no lime is needed. The cyanide liquor used in 
each instance is '05 to 75 per cent., that strength giving maximum extraction; stronger 
solutions have been proved to act detrimentally by attacking the base metals in thc 
ore, leading to poorer recovery of gold and greater waste of reagent. The assay 
value of the ores ranges between 6 and 8 dwts. per long ton, and the actual extraction 
is 70 to 80 per cent., with a cyanide consumption of nnder lib. per ton. Precipitation 
is effected in the ordinary zinc box, and is almost absolute. 'l'hc iotal working costs 
arc Is. per long ton for quarrying and dclivering to the mills, and 4s. for crushing, 
cyaniding, and all other charges." 

'l'HE PROPOSED MEMORIAL 

'llie Hon. Secretary then read a letter from Mr C. Dixon (Mcmber) as 
follows :-

"Our Vice-Prcsident has asked for suggestions concerning a suitable memorial to 
those gallant fellows-Members and Associatcs of The Chcmical and Metallurgical 
Society of S.A.-who lost their lives during the War. 

" It seems to me that the memorial should be of such a nature that the memory 
of the fallen will be for ever kept green by this Society so that succeeding genera
tions of chemists and metallurgists may not be allowed to forget that in the "Great 
Boer War" this Society showed it was not only a scientific body but that, when 
stern necessity arose, Members did not shirk to lay aside the test tubes and take up 
the rifle and bandolier, and I am sure their patriotism and devotion to duty is as 
much admired by the foreign Members of this Society-wbo were not on our side in 
the struggle-as by their English brothers. 

"1 would therefore suggest that the memorial takes the form of a handsome gold 
medal-to be called "The Memorial Medal "-which would be given annually by 
the Society to the Member or Associate who at each Annual Meeting is elected by a 
majority of votes as being most worthy of the distinction; either for original research 
work; practical improvements in metallurgical practices; or furthering the interests 
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and usefulness of this Soeiety in any other way that is deemed by the majority to 
most merit the high distinction to be eonferred. 

" I think such a distinction would induee Membcrs and Associates in other parts of 
the world to take a more acti ve interest in our proceedings, and they would compete 
for the" Memorial Medal" with loeal Members by contributing papers and the 
results of their work and methods to the Society's JOn?'nai, which has hitherto been 
confined for the most part to telling those on other goldfields what we are doing on 
the Rand; but those abroad should be asked to reciprocate, so that we may also 
lw.ve the benefit of their experience. 

" Further J would sug'gest that the names of the fallen should be engraved on a 
suitable brass memorial tablet to be placed in the lecture hall-" The Theatre of 
Science "-which no doubt will be erected on the Rand. 

" I trust you will forgive my writing at "uch a length." 
The President-lam sure the Council will be pleased to accept any suggestions 

the Members have to make to.night. Speaking for myself, 1 would like to say that 
we have lost many gallant friends in aetion, both on the British and on the Boer 
side. J think we all have the same respect and admiration for men who fought for 
their country on either side. Has any Member any suggestion to make 'I 

Mr A. F. Crosse-As no one has any remarks to make I should like to say one or 
two words about this snggestion of Mr Dixon's. T agree with it to a certain extent. 
The only point on which I do not quite agree with it is that J should like to see it in 
some way arranged that the gold me,lal should be offered more to the younger 
Members of the Society. Many of us have read papers here a good many times; .. e 
would like to eneourage the younger Members to COlDe forward with original papers. 
We do not want to be encouragml, it is the younger Members who do. 

The President-This has been rather sprung upon me this evening and I would 
suggest that we leave the matter over until the next meeting, by which time everyone 
will have had an opportunity of reading Mr Dixon's letter and weigbing it earefully. 
Possibly then some suggestion eould be made whieh would meet with everybody's 
approval. 

M I' C. Dixon-J think it is mueh better that it should be left over as suggested'. 
Regarding what Mr Crosse has said, however, about encouraging the younger 
Members, T would like to say that my idea was that the Soeiety would benefit more 
hy getting both the yonnger men and the seniors in other parts of the world to con
tribnte. We do not want to exclude the senior men in othel' parts of the world; we 
want to get the very best papers we ean fl'om all pa.rts. 

The President-I think Mr Crosse, when he spoke of the older Members, had in 
his mind the loeal men. Mr Crosse himself has been a prize-winner and does not wish 
to compete. I think it was his modesty whieh indueed him to make thc suggestion. 

Comrades and fellow-workers, 1 :vant to sineerely thank you for the honour yon 
have done me in re.electing me President of '1'110 Chemical and Metallurgical Soeiety. 
1 have had the misfortune to have been ill and away for a period of nearly a year. 
J am afraid I am not quite up to date with the proeecdings this evening. 1 do not 
want to make anything approaching a "peeeh, I simply wish to apologise for not 
being prepared to take a proper part in the discussions this evening. In thanking 
you once more for the honour yon have done me 1 can only promise that I will do 
the same as I have done in the past-my very best for the success and progress of 
The Chemical and Metallurgical Society. 

The following paper, "The Smelting and ltefining of Zine-Gold Slimes" by 
Messrs E. H. Johnson and W. A. Caldecott, was then read. 

Diseussion on " Notes on the Treatment of Slimes by Filter Presses" was con
tinued by Messrs G. A. Darling, .J. Yates, A. F. Crosse, G. Melvill, W. A. 
Caldecott, the author, and the President. 

Diseussion was eontinued on "Notes on the Analysis of Cyanide Solutions" by 
Messrs C. H. N. Williams, 'r. L. Carter, and the President, after which the 
meeting terminated. 

AUGUST 16, 1902 

The ordinary Monthly Meeting of The Chemical and Metallurgieal Soeiety of 
South Africa was held on Saturday evening, August 16, 1902, in tbe Council 
Chamber of the Chamher of Mines Building, Johannesburg. 

Mr Andrew F. Crosse (Past President) oecupied the ehair, and there was a total 
attendance of 67, as follows :-

38 Members-Messrs E. H. Johnson (Vice-President), R. G. Bevington, W. A. 
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Caldecott, T. 1,. Carter, G. A. Darling, R. E. Hall,.J. Littlejohn, S, H. Pearce, A. 
Whitby, J. Yates (Council), F. F. Alexander, R. A. Alston, W. Boyd, P. Billyard W. 
Broom, W. Cullen, C. Dixon, J. Dykes, jr., R. L. Edmiston, J. Gaze, F: N. 
Hambly, J. Hanrahan, S. H. Hart, E. Hollis, E. H. Johnson, J. J. MacDowell, A. 
McNaughtan, G. Melvill, A. Mennie, H. H. Morrell, P. T. B. Morrisby, G. Seeton 
J. A. '1'a),lor, J. Thomas, J. E. Thomas, E. C. Townsend, E. Weiskopf. ' 

13 Associates- Messrs J. Brown, C. H. Cotterell, S. B. Hutt, W. H. Jeffreys, C. 
L. Johnson, J. A. Jones, C. W. Salisbury, F. E. Shaw, F. Smith, R. Smith, H. J. 
Span claw, H. R S. Wilkes, R. A. Wilson. 

15 Visitors, and Fredk. Rowland, Hon. Secretary. 

NEW MEMBERS AND ASSOCIATES 

The following i!ent.lemen were elected Members of the Society:-Messrs George 
D. S. Anderson, Edwin Brooks, Andreas Frederic Brunn, Arthur Crozier Claudet 
Henry John Godfrey, Thomas Lamb Lockart, Robert Niven, Jay '\.'. Pyles, Anthony 
Maurice Robeson, Guy Cusack-Smith, and Joseph William Teale. 

The Secretary notified that the following gentlemen wcre admitted Associates of 
the Society by the Council on July 28th :-Messrs E. W. L. Bathurst, John 
Chfton Ingle, Alexander Kressmann, O. A. Robinson, Walter Owcn Williams, and 
Alcxander Wood. . 

On August 14th :-Messrs William Baird, Patrick G. Griffin, James Clark 
Hamill, William Hazell Jeffreys, Harry L. Shipley, Isaac Gcorgc Short, Samuel 
'l'horpc, and Gilbert Peter Wood. 

The Chairman-I know we arc all anxious to get as many new Members and 
Assoeiates as we possibly can, but 'the Members of the Council object to seeing 
gcntlemcn who occupy such positions as ehief assayers and cyanide managers enter
ing thc Society as Associates. They want them to be Mcmbers. When the 
associate form of membership was introduced it was meant for thc younger men in 
subordinate positions, or for men not absolutely connceted with chemistry or 
metallurgy: men who take a great interest in what is going on in the metallurgy 
of the Hand, but who arc not sufficiently directly connectcd with it. Therefore, T 
hope in the future that any of you who are persuading your fricuds to become 
Membcrs of the Society, if they occupy positions of any impul'tallce, you will induce 
them to put their names down as Mem bel'S and not as Associates. 

The Hon. Secretary announced that since the last meeting 25 new Members and 
Associates had joined the Society. 

HONORARY PRESIDENT 

The Hon. Secretary read a letter from Mr. O. \Valrond, Private Secretary to Lorcl 
Milner, notifying that His Excellency had pleasure in accepting the position of Hon. 
President to the Society. 

THE PROPOSED MEMOHIAL 

The Hon. Secretary read a letter from Mr J. Yates, as follows:-
Dear Sir,-The rccent suggestion that we should perpetuate the memory of the 

many Membcrs of this Society who fell in the late war by raising a fund to provide 
an Annual Commemorative Medal, naturally again brings before us the subject of 
prizes and rewards and the fact that the Society has created no scheme for the en
couraO'ement and reward of meritorious work. Now, considering that thc Society 
was f.;'undcd ill 1894 and is, therefore, one of the oldest on the Hand, and in view of 
it being one of the prcmier institutions of its kind in the world, it is a matter for 
regrct that sotpe such scheme has not been formulated and materialised, and I 
think that thc time has now arrived when the subject can advisedly bc taken in 
hand. 

It is not that the Society's roll is ill urgent necd of new names-our roll is a long 
one for the men of the Rand have realised that to he a Member of the Society is an 
exc~llent recommcndation, and is practically accepted as evidence of a progressive 
and up-to-date worker-nor is it that the meetings of the Society ever lack interest 
through a dearth of papers or interesting discussion, but it has been noticeable that 
quite a large section of our Members, though regular attenders at the meetings, 
seldom favour the Society with a paper or join in the discussions. These men are, 
very many of them, keen observers and intelligent workers, a class of men, in fact, 
to whom the gold industry of the Rand owes much, and it is to stimulate these men 
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Proposed Prizes 

to continue their careful and painstaking labours, and to give them an incentive to 
pl.ce the results of their work before the other :\fembers of the Society, that we need 
snch a system of prizes as obtains with all, or nearly all, similar institutions in 
Europe. These prizes would, 1 am confident, decide many of the,e hesitating and 
somewhat retiring Members to come forward, and would conduce to a still further 
amount of healthy and desirable rivalry among the Members, for the possession of 
these prizes would be taken as presumptive evidence that the holder was a man 
whose interest in his work was such as to well qualify him to safeguard his employer's 
interests. 

Of course the obstacle to tbe founding of such prizes is the money it requires, for 
though the Society's financial position is good it is hardly such as would stand the 
annual charge the scheme entails; but seeing that this Society is the school and 
training gl'ound of the Rand metallurgists, and considering that very many indeed 
of the improvements in the metallurgical practice here have emanated from the 
Society, I think that the controlling mining, houses might be approached and 
asked to donate, say, a sum of £10 each annually, for the above object; and we 
have had so many instances of their liberality and willingness to encourage zeal, that [ 
have little doubt of the success of the appeal, especially seeing that they are fully 
cognisant of thc exceptional utility of the Society's work. 

I would suggest that each contribution, so obtained, constitute an independent 
prize designated with the names of the donors, and that the prizes be awardecl 
under hcadings, somewhat as follows :-

(a) :l1i!ling and Amalgamation. 
(b) Cyaniding. 
(c) Precipitation. 
(el) Sampling, Smelting, and Assaying. 
(0) Allied Subjects. 
(f) Best Paper from Members residing out of South Africa. 

In the cvcnt of the scheme being successfully carried through, as I trust it will, it 
would be advisable to limit the number of prizes to be carried off by anyone III ember 
to two per annum, and in awarding the prizes the Council should keep in mind the 
primary object underlying the scheme, i.e. the encouragement and reward of the 
many careful, conscientious and observant workers among liS, who, though they may 
not have opportunities for carrying on research and such like work, yet do their best 
under the conditions surrounding them. 

Yours faithfully, 
JOHN YATES. 

The Chairman-Has any gentleman any remarks to offer on the interesting ancl 
valuable proposal of iiiI' Yates 1 

llirR. E. Hall-I do not think the suggestion is quite broad enough. The sub
jects mentioned have mostly to do with the cyanide process. If prizes were offered 
for allied chemical research also I think it would be an improvement. 

The Chairman-'Ve have been discussing this question in the Council, and a sub
committee has bcen appointed to report on the whole subject .. It has not met yet, 
however. If any of you have any ideas to offer on the matter, they would certainly 
be a guide to the Council as to what should be done. The matter requires a good 
deal of considcration. I must "ay 1 agree with iiiI' Hall that we should widen the 
scope for which these prizes should be given as much as possible. 

iiiI' W. 'l'aylor-I have just come down from Rhodesia. I would like to suggest 
that you should offer one prize 10 Members outside the Rand, because men working 
on cyanide works and so on in Hhodesia or Barberton, or anywhere in South Africa 
away from Johanneshurg, have not the same facilities for w.iting a paper and beiug 
up to date as the men down l,,'re have. 

l'IIr W. Cullen-I am quite in sympathy with the two gentlemen who ha~e just 
spoken, but I think the discussion is somewhat premature. I think it will be time 
to discuss the mutter when we have the recommendations of the Council before us. 
In the meantime I think it is 4uite evident that the limitations imposed in IIII' Yates' 
proposals savour rather strongly of metallurgy. Now, I take it for granted that this 
country in many ways is only starting. Agricultural chemistry, for instance, is one 
of the most important thing- concerning this country.and its future development, 
and if 1 am in order, I woulcl move that it would be an instruction to the Council't<> 
consider this subject. 

The Chairman-I think we had better postpone any further discussion on the 
subject. 'rhe ideas of the various speakers will be weighed by the Council. We 
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shall do nothing hurriedly, but will take our time in considering such an important 
question as tIiis. I am glad to see one of our newest ilIembers is going to do his best 
to widen the scope of the Society. 

'['he Han. Secretary read the reply by lI'Ir G. A.' Packard to the discussion on the 
paper entitled, "A Note on Gold Precipitation by Zinc Dust." , 

A paper, "A Slight Improvement in Extractor Boxes" by Mr S. B. Hutt, Was 
read. 

Mr W. Cullen then read a paper by Mr E. H. Weiskopf on "An Improved Wash. 
bottle for Quantit.c'1.tive Work," and practically demonstrated its capabilities. 

A paper by ilir W. Cullen was .read on "The Residual Products of the Dynamite 
Factory and their Value to the Gold Industry." 

Mr A. Whitby eontribnted to the continued discussion on "Notes on the Analysis 
{)f Cyanide Solutions." • 

Discussion was continued on ,. Notes on the Treatment of Slimes by Filter 
Presses" by Messrs J. Yates, S. J'. 'l'ruscott, S. H. Pearce, '1'. H. B. Wayne, and 
the author. 

Discussion was opened by ilfr J. Yates on ",['he Smelting and Refining of Zinc
Gold Slimes," followed by lIfr C. Dixon and the President. 

'1'he meeting then terminated. 

SEPTEMBER 20, 1902 

The ordinary Monthly Meeting of The Chemical and Metallurgical Society of South 
Africa was held on S:\turday evening, September 20, 1902, in the Council Chamber 
{)f the Chamber of Mines Building, Johannesburg. 

Mr John R. Williams (Prebident) occupieu the chair. and there was a total 
attendance of 71, as follows :-

40 Members--Messrs E. H. Johnson (Vice-President), R. G. Bevingtoll, T. L. 
'Carter, A. F. Crosse, J. Littlejohn, J. Yates (Council), R. A. Alston, G. S. S. 
Anderson, F. F. Alexander, P. Barrett, 'V. Branson, \V. Broom, D. V. Burnett, W. 
Ilradforu, W. Cullen, F. Drake, C. Dixon, J. Dykes, jr., R. L. Edmiston. J. K. 
Erskine, J. Gaze, F. N. Hambly, A. H. Hartley, K Hollis, J. Higham, J. Halll'ahan, 
C. L. Johnson, A. MeA. Johnston, E. L. JIlatthews, A. Mennie, W. E. C. ilIitchell, G. 
Melvill, F. W. Philpot, C. E. Stamp, J. Thomas, E. C. Townsend, D. J. Williams 
C. H. N. Williams, H. Warren. ' 

17 Associates-Messrs B. P. Carter, J. Davidson, J. A. Joncs, H. L. Krause, A. N. 
Locke, P. J. S. Lobb, J. Lea, F. Mills, A. E. Praetorins, A. Richardson, H. Rusden 
'V. Schonfelder, R. Smith, C. W. Salisbury, H. J. Spandaw, J. F. Thomas, R. A: 
·Wilson. 

13 Visitors, anc, Fredk. Rowland, Han. Secretary. 

NEW MEMBERS AND ASSOCIATES 

The following gentlemen were clected Members of the Society:-il1e8srs Rudolf 
Avesson, R. R. Came, James Thomas Carruthers, Percy William Dace, ,Joseph S. 
Fisher, Robe,·t Nelson Kotze, Samuel Newton, Owen Price Powell, and John F. B. 
Vandeleur. 

The Secretary notified that Messrs Herbert LOllis Krause and Edward James 
Lawrence were admitted Associates of the Society on September 3rd. 

The Han. Secretary read a paper from !'II.r A. T. Firth, of Leydsdorp, on "The 
Thermo-Hyperphorie Process." 

1111' T. Lape Carter read some" Notes on Valuing a Gold Mine," UpOll which the 
Presidem and lIir D. J. Williams made a few remarks. 

The Han. Secretary read a paper by Mr H. P. Durant entitle<l, "Notes and 
Queries." 

Discussion was continued on "Notes on the 'J'reatment of Slimes bv Filter 
Presses" by Messrs S. J. Truscott, J. Yates, the author, and the Pre,ident: 

Discussion was continued on "'fhe Smelting and Refining of Zinc-Gold Slimes" 
by Messrs A. F. Crosse, G. Melvill, D .• J. Williams, C. Dixon, R. G. Bevington, 
H. 'Rusden, W. Mitchell, E. H. Johnson, and the President. 

Messrs John Yates, A. F. Crosse, and the author discussed" '['he Residual 
Products of the Dynamite Factory and their Value to the Gold . Industry "; and the 
meeting closed. 
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OGTOBEli 18, 1902 

The ordinary Monthly Meeting of '1'he Chemical and iIletallurgical Society of 
:South Africa was held on Saturday evening, October 18, 1902, in the Council 
Chamber of the Chamber of Mines Building, Johanncsburg. 

Mr John R. Williams (President) occupied the chair, and there was a total 
.attendance· of 96, as follows :-

51 Members-Messrs E. H. Johnson (Vice.Presi,lent), R. G. Bevington, W. A. 
,C"ldecott, '1'. L. Carter, A. F. Crosse, R, E. Hall, S. H. Pearce, A. Whitby (Council), 
F. F. Alexander, H,. A. Alston, G. S. S. Anderson, M. Baumann, W. Boyd, D. V. 
Burnett, A. F. Brunn, G. Carter, C. Dixon, J. K. Erskine, R. L. Edmiston, J. 
Gaze, H. J. Godfrey, J. Halll'ahan, A. H. Hartley, Ie. N. Hambly, E. Hollis, '1'. S . 
. ,lolly, A. McA. Johnston, G. ilielvill, A. Mennie, E. L .. Matthews, W. E. C. Mitchell, 
H. Meyer, S. Newton, D. E. Powrie, R. G. C. Pitt, C. H. Pead, C. J. Price, '1'. E. 
Parkes, A. F. Stewart, G. Seeton, C. E. Stamp, ,J. H. '1'aylor, J .. ,E. Thoma" 1'. S. 
'J\wener, E. C. '1'ownsend, J. F. B. Vandeleur, H. \Yarren, C. H. N. Williams, D. J. 
'Villiams. 

15 Associates-Messrs G. K. Allen, A. H. Bridgman, C. H. Cotterell, J. Davidson, 
A. H. Exton, S.13. Hutt, W. H. Jeffreys, J. A. ,Jones, A. Kre.slllann, H. L. Krause, 
n: Rusden, R. Smith, H. J. Spandaw, 1\1. 'l'orrente, R. C. Warriner. 

]3 Yisitors, and l<'rcdk. Howland, Hon. Secl'Ctary. 

NEW 'MElIIBERS AND ASSOCIA'l'ES 

The President said he was plcased to sec thcy had a yery large numbcr, including 
Associates, aud he was also pleased to see they had a Doctor of Science applying for 
membership. . 

On a. hallot heingtaken all the candidates-lIlessrs Hans C. Behr, William Kemmis 
Betty, George Lindsay Burnctt, Joseph B. Carpel', John Faull, A. '1' . .Firth, James 
I(idd, James Moi!', D.Sc., M:A., A. Joseph Onus, Charles 13. Saner,.J. .E. '1'eesdale, 
1I1igLICI Torrentu, G. \Y. Williams, Leonard G.\Yilljams-were declarecl cluly elccted. 

The Seerctary notitied tllat the Council has admitted on the 8th inst. the follow
ing gentlemen as Associates of the Sueiety :-Messrs Alexander G. Anderson, :Frank 
BVl'lle Massey, Abram Thomas, and Leslie E. Williams. 

'lIIr E. H. Johnson-I should like to suggest that in future we take these names as 
read, and so save time; also with regard to passil1g the minutes of meeting. If there 
_should be any objection to be raised, it can be raised without going through this 
formality., 

;\11' R E. Hall seconded the snggestion, which was carried. 

SUGGESTED CHANGE OF TITLE 

Mr D. J. \Villiams-Seeing that we have papers read before our Society which are 
·neither chcmical nor metallnrgieal, and in order to enCOUl'a"'e Members to bring 
forward papers other tJIan those relating to chemistry and met~llurgy, I suggest that 
we shouJd consider the desirability of changing the title of our Society from "The 
'Chemical and Metallurgical Society of South Afriea" to, say, "The Nining and 
Metallurgical Society of South Africa," or such title as the Council may sec tit, pro
vided that it includes Mining. We have no Society in South Africa dealing directly 
with mining questions. I believe we are the strongest scientific body in this country, 
and I daresay by including mining we will make our position stronger still. The line 
of demarkation betwcen Chemistry and metallurgy is so ill defined, that to all 
int~nts .and purposes the one lllcludes the other. I merely bring this forward as a 
snggestion. 

Mr l<'. N. Hambly-I heg to second it . 
. Mr A. F. Crosse-I think a proposition of this sort should be thrashed ont before 
the Council. It is rather a difficult thing to consider in a large meeting like this. 
\Ve do not want to change onr name unless there is "orne very urgent or very neces
sary reason for doing so. I am not very conservative myself, and if thCl'e is good 
reason shown why we should liquidate our nssets, distribute them amongst the 
.:Members·and start on a new line, I should do so. . , 

'rhe President-Would ]Ill' Williams give it as a recommendation to the Conncil. 
Mr D. J. Williams-Exactly; that is what I mean. 
'rhe President-'l'hen thc Council may bring it forward at the next meeting. 
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The President next called upon Mr P. S. Tavener to read his paper on ., The Lead' 
Smelting of Zinc-Gold Slimes." 

Mr D. J. Williams read a paper on "Notes on the Mine Sampling of the Main 
Reef Series. " 

A paper by Mr D. Laird, entitled, "The Economic Use of Petroleum Oil Gas 
Furnaces as applied to Smelting, Laboratory Work, and Drill Heating," was taken 
as read. 

The following contributions and replies to discussions were taken as read :-Dr J. 
Kirke Rose and Mr H. Rusden on "The Smelting and Refining of Zinc-Gold Slimes ,,' 
together with Mr E. H. Johnson's reply; 1Ilr O. Dixon's reply to the discussion ~n 
" Notes on the Treatment of Slimes by :Filter Presses." 

The meeting then terminated. 

NOVEMBER 15, 1902 

The ordinary Monthly Meeting of '1'he Ohemical and Metallurgical Society of 
South Africa was held on Saturday evening, November 15, 1902, in the Ooun01l 
Ohamber of the Ohamber of Mines Building, Johannesburg. 

Mr John R. Williams (President) occupied the chair, and there was a total 
attendance of 69, as follows :-

38 Members-Messrs T. L. Oarter, G. A. Darling, S. H. Pearce, J. Yates (Oouncil) 
G. Andreoli, R. Avesson, M. Baumann, W. K. Betty, P. Billyard, W. Boyd, W:. 
Broom, G. L. Burnett, J. B. Oarper, J. '1'. Oarruthers, R. Dures, R. L. Edmiston, J. 
K. Erskine, S. H. Hart, J. Hanrahan, R. L. Kerr, J. Kidd, E. L. Matthews, A. 
Mennie, W. E.. O. Mitchell, P. T. B. Morrisby, H. H. Morrell, S. Newton, J. D. 
O'Hara, O. B. Saner, J. Schlesinger, P. S. Tavener, E. O. Townsend, J. F. R. 
Vandeleur, H. Warren, J. Watson. E. H. \Veiskopf, D. J. Williams. 

15 Associates-Messrs R. O. Billington, J. Brown, B. P. Carter, C. H. Cotterell,. 
M. J. Hilton, S. B. Hutt, J. A. Jones, C. L. Johnson, H. L. Krause, E. J. Lawrence 
T. E. Parkes, A. Richardson, F. Smith, H. R. S. Wilkes, R. A. Wilson, A. Wood. ' 

13 Visitors, and Fredk. Rowland, Secretary. 

MINUTES 

The minutes of the last meeting, as printed in the Journal of the Society, were' 
unanimously adopted. 

THE NAME OF THE SOOIETY 

The Secretary read out the suggestions of the Oouncil on this subject, as follows :
It has been resolved by a majority of the Oouncil that the name of the Society be 

added to, as suggested by lVIr D. J. Williams at the last Monthly Meeting, so as to· 
include Mining subjects in addition to the objects enumerated in the present con. 
stitution. The name suggested by the Oouncil is, "The Ohemical and Metallurgical 
Society and Mining Institute of South Africa." A minority of the Council were of 
the opinion that the present name should remain unaltered. 

It has also been proposed that Clause 4 of the Constitution be amended in order' 
to include students. 

Both subjects will be brought hefore you at the next meeting for discussion, and 
to be included or otherwise in the Oonstitution. 

NEW MEMBERS AND ASSOCIATES 

The Secretary notified that the Oouncil had admited on the 7th inst. the following 
gentlemen as Associates of the Society:-Messrs Arthur E. Adams, George James. 
Steele, Lewis A. Trapman, Samuel George Truscott, Walter Tyson, Stafford Tracey 
Watts. 

The following gentlemen were elected Members of the Society :-Messrs Heine W. 
Adler, William B. Dodds, C. M. Egan, Guy G. Ferris, Vivian G. Ferris, Henri E. 
Guerreau, Oswald R. R. Ha.mpson, Stanley B. Hutt, .Isaac Roskelley, Henry P. 
Town,end, J. A. Wilkinson, M.A. 

The President-Rega.rding the question of Mining Students, I should rather have
been pleased to have allowed students to have come in free of. charge, but thE> 
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Council agreed if they received the advantages of the Society free they might not 
think it any favour at all, whereas if you allow them to come in at a nominal sum
,say, lOs, 6d, per annum, which hardly, covers the cost of the JOnJ'nal-:-it will be more 
satisfactory. With regard to the suggcstion as to changing the name of the Society, 
we almost came to a deadlock. Some said the status of the Society was something 
.as The Chemical and Metallurgical Society, and that if we changcu the name of the 
Society it would be rather like copying other societies. 

Mr E. H. Weiskopf then read ,a paper on "The Theory of Miss·fires and Some 
,Conclusions of Practical. Value." 

Discussion was opened 'on "Notes on Valuing a Gold Mine," Messrs D. J . 
. Williams, J. Yates, and J. A. Wilkes contributing thereto. 

Messrs D. J. Williams, E. Smart, T. E, Parkes, W. K. Betty, F, Smith, G. 
Andreoli,. and the President continued the discussion on "The Lead Smelting 
of Zinc-Gold Slimes." 

Messrs J. Yates and C. W. Lee contributed to thc discussiol). on "The 
Economic Use of Petroleum Oil Gas Furuaces," 

Mr C. Dixon's contribution to "The Thermo-Hyperphoric Process" waR taken 
as read. 

The meeting then closed. 

DECEMBER 20, 1902 

A Special General Mceting of the Members of '1'he Chemical and Metallurgical 
Society of South Africa was held on Saturday evening, December 20, 1902, in 
the Council Chamber of the Chamber of Mines Building, Johannesburg, to consider 
the following recommendations from the Councii :-

1. To discuss the advisability of adding' the words" and Mining Institute" to the 
,existing. title, which would then be "'rhe Chemical and Metallurgical Society 
and Mining Institute of South Africa," which has been recommended by a 
majority of the Council (upon the suggestion of Mr D. J. Williams), for the 
purpose of including tho discussion of other subjects than those iudicated 
by the existing title; and to decide thereon. 

2, To discuss a proposition from the Council to create another form of Membership, 
viz. Mining and 'l'echnical Students, at a reduced subscription; and to decide 
thereon. 

Mr John R. Williams (President) occupied the chair, and there was a total attend
ance of 70, as follows :--

41 Members-Messrs E. H. Johnson (Vice-President), W. A. Caldecott, T. L. 
Carter, A. F. Crosse, G. A. Darling, S. H. Pearce, A. Whitby, J. Yates (Council), 
G. S. S. Anderson, W. Boyd, H, Brazier, J. T. Carruthers, W. Cullen, C. Dixon, R. L. 
Edmiston, J. K. Erskine, S. ,H. Hart, E. Hollis, S. B. Hutt, A. McA. Johnston, 
G. Melvill, A. Mennie, J. D. 0' Ham, C. H. Pead, .T. F. Pyles, A. Richardson, 
I. Roskelley, C. B. Saner, Dr J. Schlesiuger, P. S. Tavener, J. A. Taylor, J. 
Thomas, E. C. Townsend, J. ]<'. B. Vandelellr, H. 'Narren, J. Watson, E. H. 
Weiskopf, C. H. N. Williams, D, J. Williams, G. W. Williams. 

8 Associates-Messrs W. W. Anuerson, J. Davidson, A. H. Exton, C. L. Johnson, 
E. J. Lawrence, A. J. Parkin, F. E. Shaw, R. A. \Vilson. 

20 Visitors, and Fredk. Rowland, Secretary. 
The President read the resolutions, and said he would like to have the fceling of 

the Ineeting upon them. 
Mr A. Whitby-'l'he questiou before us to-night does not appear at first sight to 

materially affect the constitution of our Socicty, and doubtless there are many of 
you who think that even if the alteration of title does no good, it can at least do no 
harm. A good deal depends on the point of view, so I will enueavour to lay before 
you the arguments as I understand them against any change. 

This Society has made a name for itself under the old title, and alre"dy possesses 
,a highly sntisf"ctory membership roll. 

If we "re to introduce mining proper into our delibemtions, we must include a 
number of subjects which are f"r removed from the consideration of chemists and 
metallurgists. We heLve no concern with timbering, winding, drills, dykes, faults, 

·01' "ny of the thousand and one problems connected with mining, which come within 
the province of the engineer, surveyor, or geologist. 
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That we include amongst our Members many who are directly interested in these· 
matters does not appeal to me as an argument for change, since they have joined 
with no expectations from us in that direction, but merely because our debates have· 
an indirect attraction for them. . 

We have been twitteel with the name of the Cyanide Clnb, and some are inclined 
to consider it a term of reproach, but I arg'ue that the Society has merely done the· 
work called for, and so long as there is room for improvement so long will the· 
cyanide recovery process be a matter for our discus:sion. . 

Let it, however, be conceded that expansion is necessary, and let us consider two· 
point.. One is, whether the incorporation of purely mining ,matters means· 
expansion, and the other is, what is the right direction in which to expand. Now, 
I am inclined to think that the discussion of problems relating to mining will mean 
a limitation rat!)er than expansion, because we shall .be considering not general 
mining, but its restricted application to the Rand practice, and we shall tend to tie 
ourselves down entirely to the interests of the gold industry and forget our obliga-· 
tions in other directions. 

It may sound Utopian, but I believe it to be truc that, if this country is to taice a 
place amongst nations, more attention must bc paid to the exploitation of the· 
industrial metals and minerals. Manufacturers must be encouraged and a great. 
effort made to develop all anI' internal resonrces. I do not think either that the 
time is far elistant when we shall see these things in a fair way towards accomplish
ment, and I hope to see this Society recruiting a younger race of chemists who shall 
do as much for the progress of the country as the t)ociety has done for the gold 
industry. 

If we do not make prominent the chemical side of our constitution we shall lose· 
this younger race of chemists, because, as I say, we shall be pushing forward on the· 
old track anel crowding out other subjects of wieleI' interest. I 

My second point then is, that the true expression of the future of this Society lies. 
in the doing of everything possible to foster and dcvelop agricultural and industrial' 
chemistry and the metallurg'y of what we may call the industrial metals-iron, 
copper, lead, zinc, etc. And more, I helieve we shall be doing bettcr service to the· 
parent industry, and to the country) tban by discussing the relative advantages of 
winzes and raises. 

The origina I founelers of this Society must have had some such views of tbe future' 
in selecting the name they did, and no paper ever read before us seems sufficient 
justification for altering their cboicc. .., : 

I trust I have not sacrificed lucidity for brevity in these few remarks. Witb your' 
permission I would like briefly to recapitulate the points I wanted to urge :-

1. Tbat the present title is sufficiently embracing' of the objects of thi~ Society .. 
2. That the Society has establish cd itself under that title. \ 1 

3. That the subjects embraced nnder the term "Mining~' do not· properly belong to· 
what is, to all intents and purposes, a scientific society, and should he dealt. 
with by othcr socicties. 

4. That consideration of such subjects will detract attention from cbemistry. 
5. That development should be ratber along the lines of .industrial chemistry.. . 
6. That the future of this Socicty depends more on progress of manufactures ancr 

industries other than gold, and the part taken by us in fostering them, than 
it can possibly elo on mere mining progress in its restricted sense. 

Mr A. F. Crosse saiel he thought he had a" much right to say a few wOl'ds on the· 
subject "s aIlyoue. Marc than ten ,'ears ago he had started thc idea of establishing' 
a Chemical Society in .Tohmmesburg, and their first mccting consisted of four or' 
five members in a little shanty in Von Brandis Square. Matt.ers had developed very 
much siuce then, and he endorsed Mr \Vhitby's remal'ks in evcry respcct. He did 
not want thc Socicty to sproad itself out. If they were in Barherton or some little' 
place they mig'ht have a society to discuss all sorts of scientihc questions, but in 
.J ohannesbllrg, where there are so many men connected with nlining, they could 
afford to be specialists. It was as much as they could do to get through their Qwn 
business. They did not want to cover the whole ground of mining; they had only 
twelve meetings a year, and if they could get through the chcmical questions which 
came before them properly it was as much as they could do. 'rhey should do their' 
own work thoroughly and well, and leave the rcst to othel' men who were interested 
in it and cOllld do it bctter than they could. He would be very sorry to see the 
name of the Society altered. 

Mr J. Yates-As one of the majority of your Council that favours and 
recommends the addition of the words" and Mining Institute" to the title of the, 
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Title of the Soc£et)' 39 1 

Society, I would like to say a few words which· will set before you my reasons" for 
heartily approving and supporting the proposed amendment of title. 

We have, I believe, on our mcmbership roll a greate!' number of mine managers, 
surveyors, and samplers than any other scientific society in South Africa, and from 
them we have occasionally had a paper relating to undergTound work. I believe 
that we would have had far more of sucb papers had the mining men felt confident· 
that they wouln. have been acceptable and that they came within the province of 
this Society. Only recently Messrs Carter and D. J. Williams were somewhat 
doubtful as to whether their papers on" Mine Sampling" and" Valuation" would not 
be out of place before this Society-a Society whose transactions are, up to the 
present, so largely of a chemical and metallurgh:al character. 

Now, I think it is quite time that the idea that we deal only with chemical matters· 
.was dispelled. There should be no doubt left in the minds of our mining Members 
that contributions relating to underground work are fully as welcome as opinions on 
chemical matters, and I think we may promise that, in view of Our large and repre
sentative body of mining Members, such papers will meet with a due and desirable 
amount of friendly comment. and criticism. No other society in South Africa has a 
membership better qualified to discuss such matters as sampling, surveying, ana 
ordinary underground work, and I think we may rest a""ured that the proposed 
addition to our title will ensure the more regular attendance of such Members, and 
contribute to further swell our well·attended meetings. . 

It is more than likely that one result of the alteration will be to extend our 
member.hip, both here and abroad, and more frequent papers on mining and allied 
subjects will lend a desirable variety to our discussions. I would emphasise the fact 
that we by no means purpose dropping the old title of "Chemical and Metallurgical 
Society" by which we are now so favourably and widely known; the proposal is to 
retain the old name, but to introduce the words "and Mining Institute," for the 
many reasons I have now placed before you. I can assnre you that I have given thc 
matter lengthy consideration, and I have come to the conclusion with the majority of 
your Council that it is in the best interests of the Society a.nd the lIIembers that the 
proposed alteration be adopted. 

Mr A. McA. Johnston-In my opinion a wrong meaning seems to be given to the' 
word metallurg·ical. The word metallurgical is more nearly allied to sampling Or 
searching for metals than it is to chemistry, and I think that it emhraces all kinds of 
mining which are not engineering problems. Be that as it may, it evidently was the 
view taken by the founders and the previous Councils of this Society, for in our pro
ceedings will be found papers treating of appliances indirectly a;sociated with our 
industry, and I think I am safe in asserting that no paper dealing with mining, pure 
and siwple, has ever been refused by our Society. I have yet to hear of anyone on 
the Rancl or other mining field who having something worth saying' or placing bcfore 
us on any branch of our industry here refrained from doiug so simply because the 
word mining was not included in the title of our Society. Again, but two months 
ago, a Member read a paper, a most instructive paper, to which wc all eagerly 
listened, and are still criticising. Wherein lay the great value of that paper'l 
'Vould we have listened so attentively to it had the author made out that the costs of 
treatment were double those in the processes already in use 1 No! The author's 
strong proof of its value lies in its linancial aspect, and he most carefully and 
particularly produces figures and costs to prove this. Are we therefore to find fault 
with the nomenclature of the Society and insist tha.t because the financial side of a 
metallurgical question is broug'ht forward, therefore the Society should be styled The 
Chemical, Mctall urgical, Mining "nd Financial Institute of Sou th Africa 1 Cannot we 
still continue "s we have begun anll followed for these la,t most successful eight years 
and welcome any paper dealing with metallurgy, u.ing the word in its widest and 
truest application 1 'Ve must also consider kindred societies alr8ltdy in existence 
here. Should we add Mining Institute to OUr Society we would then he quite en
titled to introduce a paper on reefs and formations, subjects which priorly belong to 
the Geological Society. Important questions in mining involve drilling, pumping, 
and hauling. Are we to be allowcd to discuss these in this Society or should we not, 
in deference to the existence of the Engineers' Society, relegate such (Iuestions to 
engineers. 'l'he subject is undoubtedly an important one, and complications are 
bound to ensue in such matters. The old name has so !rtr answered admirably, and 
I am sure that if we let it be known that we are willing to listen to any papers on 
mining metallurgy as well as on chemical metallurgy, we can still advancc with the 
times. 

1'IIr D. J. Williams said it was true they had other societies in JohanneSburg who 
pro bably might deal with these mining matters, but the entrance fees of some_ <;>f 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
)



392 Title 0/ the Society 

societies were very high, about four or five guineas. i\iining papers had never been 
refused by their Society, and it was a pity they could not have one word as the title 
of their Society which could embrace everything. He thought they should postpone 
the voting until a further meeting. 

The President pointed out that a special meeting had been called to consider this 
matter, which had ,to be considered that night. '{'hey had a full quorum, and notice 
of the meeting had been given at least a fortnight before hand, so that Members who 
desired to vote on the subject 'had had every opportunity of doing so, and of attending 
the meeting. 

Mr T. Lane Carter said he would just refer to two points. Most of them when 
they became M.embers of the Society were either assistant assayers, or assayers, or in 
the mill of cyanide works, but there was a very big percentage of Members who in a 
few years' time had left the assayer's office and taken up surveying or sampling. 
They had started with a keen interest in the Society, writing papers and taking part 
in the discussions, but as soon as they left the assayer's office or cyanide works they 
felt they bad completely dropped out of The Chemical and Metallurgical Society. 
They could not discuss papers as they had no time in which to make investigations, 
and had really become figure heads. That was why they had so many Members and 
so few discussers. '{'he second point was that The Chemical and Metallurgical Society 
of South Africa was the only society in South Africa which was known in other parts 
of the world, and its Jon)')",l was' a highly prized paper. '{'here was no society in 
Johannesburg strong enough to take up these mining subjects, he meant no society 
known in other parts of the world as their own Society was known. If theyadde(l 
to their title the words" Mining Institute" they would stand as an authority for 
everything on the Hand in the mining line, and it was very desirable that there 
should be such a society, a society such as there was in London-a mining and metal· 
lurgical society. Their Society invited mining papers, and should not object to if.. 
clude mining in their title, but while inviting Members to bring forward these 
subjects some Members would not change the title to show they were desirous of deal· 
ing with mining subjects. He had full sympathy with Jllr Cro>se and Mr Whitby, 
who were expert chemists, and who took a natural pride in keeping their Society a 
chemical society. Mr Crosse had said they did not want to grow or expand .. If 
they did not expand they would contract, He believed they should expand. The 
rest of the Rand waS going to expand, and so should they. He asked them in voting 
to consider the future and to realise that they needed an organisation which should 
stand for the whole mining industry. 

Mr A. F. Crosse said they did want to expand, but not to expand like a drop of oil on 
water, all space and no thickness. A lot of things had been published in the Jon"Jut! 
of late which was not creditable to the Society, They wanted to be a credit in every 
way and to gain a high position here, a Society which should be an Al Chemical and 
Metallurgical Society, and their Jow'ned should be an authority on the sUhjects of 
which they treated. 

lIIr J. Yates pointed out that the Institute of Mining and Metallurgy in London 
did justice to both subjects, and he failed to see why their own Society should nut 
do justice to thelll. He had received from their Secretary a rough estimate showing 
that 46 per cent. of the Members of their Society were mining men, mcn who dealt 
with underground work, SlIrely they olIght to be considered. 

Mr W. Cullen said he spoke as a chemist, and also as a mem bel' of the Federated 
Institute of Mining Engineers, and also as a metallurgist. He joined the Society :IS 

a chemist and to see the chemical and metallurgical discussions carried on there, 
and he could say they had plenty to occupy them with chemistry and metallurgy 
without tackling mining. Metallurgists on the Rand had a great deal to learn yet. 
and he hopcd they would stick to the old name under which they had prospered in 
the 'past. He moved, if in order, a direct negative, that the Members of the Society 
stick to their own namc. 

Mr C. Dixon saiel the speakers on either side were taking extreme views. Mr 
Yates had struck the right note when he said" ordinary mining subjects." The 
Society some time ago was anxious for foreign Members to contribute papers, and 
their Society was likely to spread and have much more influence if they considered 
the Members abroad as well as themselves. .Mr Whitby said if they included mining 
it would merely be mining as carried on on the Rand, but a large number of the 
:Members of the Society had practised in other parts of the world. As Mr Carter 
had put it, they did not want to be assistant assayers all their lives, but to become 
useful mining men in every respect. They must embrace subjects which related 
particularly to their profession, and mining was one of them. They could not 
exclude it, it was wrapped up in their work. 
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Title of the Society 393 

Mr E. H. Johnson 'said if they included mmmg and had an equal number of 
papers 011 mining matters as on chemical and metallurgical subjects, how were they 
to get through the work 1 . 

Mr J. Yates-Some 46 per cent. are mining Members, and if we werc to get papers 
in this ratio, i.e. 46 per cent. mining and 54 per cent. metallurgy, I think it would 
be a matter for congratulation. 

Mr E. H. Johnson said of the mine managers who had been present at their 
meetings, only three of them had ever taken part in the discussions. 

Mr J. Yatcs said that the mining men were almost afraid to speak as they did 
not know what status they held in the Society. 

Mr E. H. Johnson-There are other societies to cope with the work. If there 
were no other societies I should say let us include mining. I do not think mining is 

.altogether outside our scope, but if we take up mining subjects can we get through 
the work? 

Mr J. Yates-Equally as well as the Institute of Mining and Metallurgy in 
London, and I would point out that no other society is so well qualified by the 
number and standing of its Members to discuss matters allied to ordinary mining 

. operations. 
Mr W. A. Caldecott said the main argument seemed to be that thc chemical and 

metallurgical papers might be swamped by the mining papers and their discussions 
would take still longer to finish. 'rhat was easy to overcome, for if they found the 

,swamping process was taking place they could have more frequent meetings, say, 
one evcning per month for chemical and metallurgical papcrs and onc cvening a 
month for mining papers. What was wanted was, not less chemistry and metallurgy, 
but more of other subjects. 

Mr J. Yates said he would like to hear the opinion of the President, and moved 
that Mr Crosse take thc chair in the meantime. 

Mr A. F. Crosse, who took thc chair, said the best thing would bc to settle the 
. question by vote. Did thcy think anything said that night would alter one singlc 
vote. 

Mr J. Yates-I came here with opinions but am open to be convinced. 
Mr A. F. Crosse-1 think you came with a settled opinion, as I did, and it will not 

bc altered. 
lI1r J. R. Williams said he would like to point out that the third paper they had 

read before their Society was purely and simply a mining paper, and thcir fourth 
paper was on geology. With regard to swamping out, they had had five mcetings 

,since the war, and amongst the papers read had been mining papers-nir \Villiams' 
and!\Ir Carter's; and also one paper on "The Theory of Miss-fires," which WaS more or 
less a mining paper. He did not see how they were going to separate metallurgy 
from milling. The old term assay master meant a man who could recover ore from 
thc ground and bring it to its elemcntary state. He thought it was straining at a 
gnat and swallowing a c,tmel. He was in sympathy with Mr D. J. Williams in 
Baying they ought to cmbracc mining. Nearly every mine manager on thc Rand, 

,every secretary, and ncarly a.ll the surveyors and samplers on the Rand, and mining 
men in other parts of the world, were Members of this Society. Somctimcs he had 
to do a little bit of touting for the Society, and men hc asked for papers "ometimes 

.said, "J cannot give you onc, you are chemical and. metallurgical." 'l'heir Society 
was highly respected in all parts of the world, and during the war, when he was in 
Capetown, the number of letters he received j'e the Socicty from various parts of 
the world would have intcrested the Members very much. We wanted them to 
consider the matter very carcfully, remembering that they were working on a far 
bigger scale than the scope of their title gave them permission for. 

Mr. A. F. Crosse said that suppose they took a burning-glass and wished to con
centratc the rays of light on a certain spot, they would find that unless they con
centmted very carefully they would get no effect. It was the same thing with 
their Society. They had to concentrate on certain subjects. He admittcd it was 
difficult to draw the line, but it was necessary for them to consider that they had 

,only a certain amount of time at their disposal and a certain amount of energy, 
and unlcss there was some specific reason for it, it would be bad to alter the 
name. 

Mr C. Dixon-If you concentrate a burning-glass at one spot the whole time, it 
will evcntually burn all the vitality out of it. 

After a little further discussion Messrs C. Dixon and D. J. Williams were appointed 
seru tinoers. 

With regard to the sccond proposal before the meeting Mr A. McA. Johnston 
. asked what meaning was attached to the words "mining student" 1 
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394, Proceed£ngs of lVlonthly Meetin,R's 

The President-Those who bring certificates from any high school or college or 
science. I would not call assistant surveyors or assayers mining students. 

Mr A. F. Crosse said if a man could afford £150 a year to study metallurgy h~. 
did not see why he ·could, not afford one guinea a year to join the Society. If they' 
wanted to support anyone they should support the shiftmen. 

A ballot was then taken, the result of which was declared as follows:-

For change of title 25 'votes. 
Against 26 do. 

The President-The title will therefore r~main as it is. 
The ballot for the addition of students to the membership 

annual subscription of lOs. 6d. was declared as follows :-

For the motion 
Against 

of the Society at an. 

35 votes. 
15 do. 

lVIr D. J. Willirtms-I bke it vou do not want to discourage any Member of the· 
Society bringing forward papers 'on mining 1 

The President-Certainly not. 
Mr J. Yates here called 'attention to the rule which provided that alterations or' 

any additions to the Constitution or gules could only be made by a majority of not 
less than two-thirds of the votes of the Members present in person or by proxy at a 
specirtl meeting called for the purposo. 

Mr D. J. Williams pointed out they had two-thircls of the votes on the students. 
question. 

'1'he Special General Meeting then closed. 

DECEMBER 20, 1902 

The ordinary Monthly Meeting of The Chemical and Metallurgical Society of' 
South Africa was held on Saturday evening, December 20, 1902, in the Council 
Chamber of the Chamber of Mines Building, Johannesburg. 

Tho President (Mr John R. Williams) occupied the chair, and the attendance was. 
the same as in the Special General Meeting' previously Ieported. 

MINUTES 

The minutes of. the last ordinary Geneml Meeting, as published in tho November 
Journal of the Society, were unanimously adopted. 

NEW MEMBERS AND ASSOCIATES 

The following gentlemen were elected lIIembers of the Society :-Messrs William 
E. Bleloch, Evelyn H. Christopherson, Charles Gluyas, Hugh Hughes, Clifford W. 
Lee, F.I.C., F.C.S., Charles R. Mag'g's, J. D. Marquard, C. R. McA. Millar, T. E. 
Parkes, 'Wilfred Taylor, Tudor G. 'l'revor, \V. K. Tucker, C. M. G., a,nd Prescott 
Upton, A.M.LC.E., lILLlILE. 

The Secretary notified that Messr, A. J. Parkin, 111. O. Tlllard, and Charles J. 
Tytherleigh had been admitted by tho Council on the 8th inst. as Associates of the 
:')ociety. ' . 

RAILWAY FARES 

'1'he Secretary read a letter from the' Centml South African gailways on the· 
subject of reduced fares for country Members and Associates attending meetings . 
. Reduced fares could only be granted when Members attend the annual meetings. 

The Secretary rcad a contribution by Mr W. H. Virgoe (Mexico) to the discussion 
on "Notes on the Analysis of Cyanide Solutions." 

Mr A. Whitby read a paper entitled, "Notes on Commercial Cyanide of Potash." 
lIir J. 'rhomas read a contribution to the discussion on "The Theory of Miss--

fires and Some Conclusions of Practical Valuo." . 
Discussion on "Notes and Queries" was continued by Messrs A. Whitby a,d 

A. F. Crosse. 
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T£tle of the Society 395 

Discussion on "The Lead Smelting of Zinc-Gold Slimes" was continued by Messrs· 
C. H. Pead, W. A. Caldecott, A. F. Crosse, and W. Cullen. 

Mr 1'. Lane Carter replied to the discussion on "Notes on Valuing a Gold Mine." 
'I'he meeting then terminated. 

JANUARY 24, 1903 
The ordinary .Monthly Meeting of The Chemical and lIietallnrgical Society of 

South Africa was held on Saturday evening, January 24, 1903, in the Council 
Chamber of the Chamber of Mines Building, ,Johannesburg. 

Mr John R. \Villiams (President) occupied the chair, and there was a total 
attendance of 4i, as follows :- ' 

27 Members-Messrs E. H. Johnson (Vice-President), R. G. Bevington, 1'. L. 
Carter, J. Yates (Council), F. F. Alexander, G. L. Burnett, J. 1'. Carruthers, W. 
Cullen, J. Daniell, R. L. Edmiston, J. Gaze, E. Hollis, A. C. Holtby, 1'. Johnson, 
E. L. Matthews, A. Mennie, H. Meyer, J. Moil', D.Sc., P. 1'. B. Morrisby, A. 
Richardson, 1. Roskelley, P. S. Tavener, E. C. 'l'ownsend, J. F. B. Vandeleur, 
H. Warren, E. H. Weiskopf. 

8 Associates-Messrs \Y. W. Anderson, A. H. Exton,' C. L. Johnson, A. 
Kressmann, A. E. Praetorius, F. E. Shaw, J. Thomas, C. J. Tytherleigh, H. R. 
S. Wilkes. 

10 Visitors, and Fredk. Rowland, Secretary. 

MINUTES 

The minutes of the ordinary )Ionthly and Special General Meetings, as published 
in the December Journal, were taken as read and confirmed. 

NEW MEMBERS AND ASSOCIATES 

The following gentlemen were elected Members of the Society:-Messrs David 
Erskine, NeilllL Galbreath, Claude Hanlon, Henry L. Harland, Sidney A. Herbert, 
Thomas Henry Lake, Hemy Leupold, William Henry Oliver, Bruce Edward Tennent, 
Peter Quentral Treloar, and James Bain Wilson. 

The Secretary notified that Messrs Edward H. Croghan, Albert Llewellyn Edwards, 
Mulford Frank Perry, and Leonard Joseph Robinson had been admitted as Associates 
by the Council. 

THE TI'l'LE OF THE SOCIETY 

Mr J. Yates-lIlr President and Gentlemen, I beg. to move :-"That a Special 
General Meeting' be convened for February 21st, to discuss changing the Society's 
title from' 'l'he Chemical and Metallurgical Society of South Africa,' to 'The Chemical, 
Metallurgical and Mining Society of South Africa,' and to vote thereon." 

In placing this motion before you I feel called upon to say a few words in connec
tion with it, more especially in the light of the proceedings at the recent Special 
Meeting at which a somewhat similar proposal was, nnfortunately in my opinion, 
negn.ti ved. . 

It is not my purpose this evening to discuss the motion-this I hope to do at the 
Special Meeting'-but I believe I am in order in citing to you a few of the considera
tions which have decided me to bring the matter forward and again concentrate 
YOllr attention on it.· 

These considerations, expressed as briefly as possible, nre as follows :-

(1) I find that the whole of the Members on our roll may be classed as follows:~ 
54 per cent. nrc surf,we workers, 32 per cent. are concerned more or Ie,s 
intimately with underg'l'ound work, nnd 14 pel' ccnt. are financial men, 
stndents, etc. Thus fully 37 per cent. of the Members engaged on the 
mines are concerned with underground operations. 

(2) 'Ve have not now the same scope for papcrs of g·enera.1 interest on the cyanide 
process-papers will get"fewer and, though probably as valuable as ever, they 
are likely to be more or less wanting in that almost intense general interest 
which was such a feature of many of our papers in past years. Mining papers 
(with the new interest they will arouse) are needed if we are to continue to 
have well-attended meetings. 
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Title of the Society 

·(3) We do not propose to deal with the mechanical engineering of mining, but to 
encourage papers on ordinary mining operations, sampling, and survey_ 
ing, etc., subjects which this Society is in an exceptionally favourable 
position to do justice to, far more so than any othel' existing society in 
Johannesburg. 

(4) There is little, if any, danger of a superabundance of papers-we can deal with 
any number that is likely to be offered, and will be pleased indeed if we are 
offered an abundance. The trouble of the Council is not the dealing with an 
abundance but the prevention of a scarcity, and it says much for the enprgy 
of our President and others that a scarcity has up to the present been sO' 
successfully avoided. 

(5) The change of title will raise the status of the Society and its Members, and will 
doubtless lengthen the membership roll. 

(6) The position of some of the objectors to the change of title is illogical-they 
admit that the mining papers are desirable, but object to encourage them by 
the simple expedient of changing the title. 

{7) Though amalgamation and cyaniding are.probably done to greater perfection on 
the Rand than elsewhere, very few of our Members profess to be expert 
chemists, and a great preponderance. of chemical papers, such as we are 
likely to have if we do not encourage more mining papers, will result in ,a 
dwindling interest in the Society and its meetings. It is not so much to hear 
papers read that our Members crowd to the meetings, as to be present at the 
instructive and animated discussions which generally ensue; and if futurA 
papers are not such as to give rise to such discussions the Society's meetings 
are going to suffer. 

(8) The proposed title is purposely designed to retain the old words, "Chemical and 
Metallurgical Society," thus ensuring no loss of identity. 

(9) An increased number of mining papers will be very instructive and of great 
service to all the Members, and the free discussion of ordinary mining opera
tions by the many experts among our Members will be of distinct benefit to 
the industry. 

(10) That whilst sympathising to a certain extent with the views of the few chemists, 
who display a desire to bind the Society down almost exclusively to chemical 
and metallurgical matters, I am strongly of opinion that a continuation of the 
successful career of the Society is quite incompatible with such a restriction 
of its de bates. 

(11) That unless this Society, which has on its membership roll a larger number of 
mining men than any other in South Africa, is prepared to alter its title and 
give mining men a status, a mining. institute will, sooner or later, be brought 
into existence in Johannesburg, with the probable result that mining papers 
will cease to be read before this Society-a result which will be very detri
mental to its interests and future. 

These, gentlemcn, are the considerations which have made me so strong in my 
advocacy of the change, and I ask all our Members who have the welfarc of our 
Society a.t heart to peruse them and to weigh thcm carefully-if they will do so, I 
feel that they will strongly support the motion. After nearly nine years of excep
tional prosperity the Society has, so far as we can see, come to a parting of the 
ways-it must either ascend and expand, as it is so well able to do, or it must take 
the descending cnurse, and, pursuing a too conservative policy, be content to see its 
old cnergy and vitality steadily and surely leave it. Your votes will decide this and 
will, I am firmly convinced, go far to make or mar your Society's future. 

Mr J. R. Williams-Mr Yates has'put the question so carefully before you that 
I do not think I can add anything to it except to very heartily second it. Nearly 
every mine manager on the Rand is a Member of the Society. I have spoken to some 
of them several times about non-attendance and they say, "You send us the JournaZ 
so very well reproducing the proceedings at the meetings that we can read it at 
our leisure," but if'there were an occasional mining paper I think they would be 
attracted to the meetings of the Society, and that it would do a great deal to assist 
the debatcs. I think we shall make a very big mistake if we miss this opportunity 
of adding" Mining" to "Chemical and Metallurgical." 

Mr W. Cullen-l wish to move a direct negative-that no opportunity be given for 
discussing this subject again this session. I have been connected with a good many 
societies in my time, and I must say I have never seen a motion which was defeated, 
and which would so much affect the interests of a society, brought up again at the 
next meeting. I won't say any thin:! about the taste of the thing; I think myself 
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Cyanide Poisoning 397 

it is a very bad ta'te indeed. I also think it is a needless waste of the time of the· 
Society. If you decide to hold a special meeting I will reserve the remarks I have 
to make till then. In the meantime I shall content myself with saying that I 
think it a waste of time to bring up a motion again which has practically been 
defeated. 

Mr E. H. W~iskopf-I beg to second Mr Cullen's amendment. 
The Vice-President (who had temporarily taken the chair while the President wa& 

speaking) then put the amendment, and four Members voted in its favour. 
The proposition was then put and carried by a large majority. 
The President-'rhe proposition is carried by an ovcrwhelming majority. I trust 

all of you will attend the meeting on February 21st and discuss the matter as. 
carefully as possible. I should like a very free and full discussion of it. 

CYANIDE POISONING 

'I.'hc Secretary-lIfr P. T. B. Morrisby, the cyanide manager of the Jumpers Gold 
Mining Co., has forwarded to the Council a copy of the rules issued by the Victorian 
Government of Australia, which are post cd in every cyanide works in that 
country as to the treatment to be adopted in cases of cyanide poisoning, and at a 
recent Council meeting the matter was discussed, and it was unanimously decided that, 
in view of the widespread usc of the cyanide process and the accidents and ailmcnts. 
which arise therefrom, it was very desirablc that the Society should invest.igate 
the nature of the poisoning and examine into the various remedies, antidotes, 
and treatments, with a view to discovering the most efficacious procedure in 
cases of poisoning and recommending the same for general adoption by the 
industry. . 

In pursuance of this discussion the Council has appointed a Sub-Committee, COn· 
sisting of Messrs A. F. Crosse, E. H. Johnson, and J Yates, to carry out the 
necessary investigations and to report thcreon. Dr Porter, the I1Iedical Officcr of 
Health of Johannesburg, has also kindly consented to act on the Committee, and 
the Council fcel that his experience and assistance will be of great value. 

In starting upon their labours, the Sub-Committee are of opinion that it is 
necessary to have compiled, particulars of the fatalities which have so far occurred, 
and also the ailments, both past and existing, together with an account of the treat
ments adopted and their effect. 

A series of questions have been drawn up and sent to all cyanide managers and 
othcr experts in all parts of the world to obtain the information necessary for the 
Committee to proceed with its labours. The following are the questions asked ;-

State, briefly, the fatal cases that are within your knowledge, giving as far as i& 
possible (1) the names, (2) date of accident, (3) how the accident happened, 
(4) the treatment tried, if any. State, brieHy, the ailments, past and present, 
which have aJ~sen to your knowledge, directly or indirectly, from the cyanide 
process, giving as far as possible (1) the names, (2) date, (3) nature of ail
ment, (4) how believed to be contracted, (5) the treatment tried and result 
of same. State, briefly, what remedies, antidotes, and treatments you are 
acquainted with, and your opinion thereon. 

And if any gentleman who has not received a form, and can supply any particulars 
of cases of cyanide 'poisoning, either of white men or natives, and will let me have it 
at an early date, the Committee will be very grateful. 

Continued discussion ensued on "The l£conomic Use of Petroleum Oil Gas 
Furnaces as applied to Smelting, Laboratory Work, and Drill Heating," Messrs J. 
Yates, E. H. Johnson, P. S. Tavener, and the President contributing thereto. 

Messrs H. Meyer, J. Yates, E. H. Johnson, T. L. Carter, G. Andreoli, W. 
Cullen, F. Alexander, A. E. Praetorius, and Dr Moir contributed to the discussion 
on "The Lead Smelting of Zinc-Gold Slimes," after which M.r P. S. Tavener replied 
to his critics. 

Mr E. H. Weiskopf replied to the discussion on "The Theory of Miss-fires and 
Some Conclusions of Practical Value," Messrs J. Yates and F. Alexander each 
adding a few words. 

Messrs A. Adair and E. H. Johnson contributed to the discussion on "Notes on 
Commercial Cyanide of Potash." 

The meeting then terminated. 
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Proceedings of Month!; Meetings 

FEBRUARY 21, 1903 

The ordmary Monthly Meeting of The Chemical and Metallurgical Society of 
'South Africa was held on Saturday evening, February 21, 1903, in the Council 
·Chamber of the Chamber of Mines Building, Johannesburg. 

Mr John R. Williams (President) occupied the chair, and there was a total attend. , 
.ance of 80, as follows :-

56 Members-Messrs E. H. Johnson (Vice·President), R. G. Bevington, A. F. 
·Crosse, G. A. Darling, S. H. Pearce, A. Whitby, J Yates (Council), H. \V, Adler 
F. F. Alexander, R. A. Alston, D .. McL. Barrie, lIf.. Baumann, P. B!llyard, W. Boyd: 

.J. T. Carruthers, \V. Cullen, C. Dixon, J. Dykes, JI'., J. K. Erskme, J. Gaze, J. 
Hanrahan, H. L. Harland, S. H. Hart, A. H. Hartley, J. High an, E. Hollis, A. 
C. Holtby, A. McA. Johnston, R. L. Kerr, T. H. Lake, H. Leupold, J. J. 
~IcDowell, A. McNaughtan, DrJ. Moil', H. H. Morrell, S. New~on, R. ~. O'r;eilly, 
:S. S. Osborn, C. H. Pead, A. RIChardson, 1. Roskelley, A. Salkmson, C. B. Saner 
G. Seeton, G. Cusack. Smith, C. E .. Stamp, W. Taylor, B. E. Tennent, E. C. Town: 
,send, H. Warren, E. H. Weiskopf, J. A. Wilkinson, C. H. N. Williams, D. J. 
Williams, ,r. B. Wilson. , 

7 Associates-Messrs A. E. Adams, E. H. Croghan, J. Davidson, C. L. Johnson 
.P. K. Lucke, C. W. Salisbury, H. R. S. Wilkes. ' 

16 Visitors, and Fredk. Howlanrl, A.C.I.S., Secretary. 

,.MINUTES 

. The minutes of the last meeting, as printed in the Jon,.nal, were llllanimously 
,adopted. 

SPECIAL GENERAL MEETING 

A discussion arose as to the' advisability of first proceeding' with the business of 
the Special General Meeting convened to be held at the conclusion of the ordinary 
General M ecting, the President ruling that the business of the ordinary General 
Meeting must first be dealt with in accordance with the notice convening the 
meeting. 

A further question also arose as to whether the new Members to be elected at 
that meeting would be entitled to vote. 

The President pointed out that there was nothing in the hye.laws against them 
'Voting. His candid opinion was that anyone who was elected at that meeting had a 
right to vote. Being' pressed further for a decision,.the President ruled that as soon 

,as a canclidate was elected he became a Member of the Society. 
Mr Cullen then raised the question of proxies, and contended that if a man was 

not present at the meeting and 'had sent a proxy without paying' his entrance fec, 
.such proxy should not be allowed. 

The President, after some little discussion, said he agTccd with ~Ir Cullen. Any· 
. ,on~ in the room that night, if elected, should have a right to vote. Hc also ruled 
that proxies signed before that evening wcre invalid. 

NEW MEMBERS AND ASSOCIATES 

. The following gentlemen were elected Members of the Society:-Messrs W. T. 
Anderson (Glencairn), James Blane, Eugen E. A. Blumc, Ralph Clarkson, 
Hamilton Char,les Dickson, M.l.lIl.E., A.I.lII..AI., Andrew Pierre Griffiths, Who Sch. 
,etc., William Hamilton, Benjamin Atherton Hampson, Errol Hay, Henry Hay, 
\Villiam Lincoln Honnold, Edward'Lawrie, Edward D. de Lacy, Charles Duff Leslie, 
Quintin Clark McMillan, Walter Charles Cross Pakes, F.e.S., F.S.I., M.O.H., 
Albert E. Payne, John Broad Roberts, A.M.tC.E., Duncan 1. R Simpson, ,William 
McD. Stokes, Georgc'rurner, M,.O.H. 'l'ransvaal, anrl W. H. Visser. 

'l'he Secretary announecd that the following gentlemen had been admitted as 
Associates of the Society by the Council :-Messrs John \Vrighton Kilby, W. E. 
McCormick, and W. G. lIfosher. 

'rhe Secretary read the following corrcspondence :-
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Commission on Technical Education 399 

University of California, 
Berkeley, Alameda County, 

January 6, 1903. 
Dear Sir,-It is with great pleasure that I accept the proposal to become an 

Honorary Member of your Society. I have followed the work of your Society with 
- the greatest interest and profit, and I mllst congratulate you on having one of the most 

.active and useful associations in the world. 
I missed your meetings greatly during the war. and am rejoiced that the moment 

peace was restored your work' was resumed. You are doing a great work for science 
.and for the mining industry. and it is appreciated here on the other side of the 
globe. as well as everywhere else. and 1 shall always be glad to do anything within 
my power to aid the cause to which you stand devoted.-With sincere regards. 

Faithfully yours. '-
S. B. CHRISTY. 

Dear Sir,-Hercwith 1 have the pleasure to hand you a copy of the Constitution 
.of this Association. and beg to call your . attention to the Co ogress to be held in 
Cape Town ncxt Easter. You will kindly note that the special branch of applied 
.science to which you are devoting your attention comes under section C. page 7, and 
I am instructed to ask you to bc good enough to call your Members' attention to 
.same, in case they might like to contribute any papers to the meeting.-Thanking 
you in an tici pation. 

I am. Deal' Sir. 
Your faithfullv. 

W. E. CUHSONS. 

Section .. C" reads: Agriculture, Architecture, Engineering. Geodesy and 
:Surveying. Sanitary Science. 

Mr Cullen pointcd out that the South African Association for the advancement of 
Science were holding their meetings in Cape Town. and that Members of the Society 
<iesirous of attending the meetings conld travel down to Cape Town at half fare. 

Education Dcpartment, 
. PreturIa, Transvaal, ... 

'The Secretary. . February 12, 1903. 

The Chemical and Metallurgical Society of S.A., Box 4375, .Johannesburg. 

Sir.-I have the honour to forward hercwith a copy of a notice which will appear 
"hortly in the Government Gazette, in the hope that you may be able to give its 
contents as wide a circulation as possible amongst the Membcrs of your Society. 

It is the earnest desire of the Commission to acquaint themselvcs with all shades 
:of opinion on the important subject referred to in the. notice, and it is their hope 
that there arc Members of your Society who may be willing to lend their co
.operation by offering to tender evidence with regard to those issues involved in 
which they may be especially interested. 

[Copy of Notice.] 

I have the honour to be. Sir, 
Your obedient Servant. 

L. O·M .. ~I~LEY. 
Acting Director of Education for 

the Transvaal and· O. R:C. 

APPOINTMENT OF A COMMISSION ON TECHNICAL EDUCATION 

"His Excellency the Lieutenant-Governor has been plcased to appoint a 
Commission to inquire into the steps which should be taken to bring into existence 
.an institution which should form part of a teaching University and which should 
provide the highest training in the a'rts and sciences connected with mining and 
·other industries. 

"In this connection His Excellency has il'structed the 'Commission to take into 
their special consideration the following issues ;- , 

.. , 1. The intention of the Government to shift the existing CI~emical and B;cterio
logical Laboratories to sites. better suited to the' public convenience. and to 
establish them on a complete basis with the most perfeCt equipment obtainable. 
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400 Proceedings 0.1 Monthly Meetings 

"2. 

" 3. 

A proposal to invite the co-operation of the Town Council in the estahlishment of 
a Laboratory for the prosecution of research in connection with the 
Johannesburg Hospital. 

A proposal to develop the existing Public Library in Johannesburg, and to. 
com bine therewith the establishment of an institution to provide the highest" 
means of promoting any of the arts and sciences connected with mining and 
other industries. . 

"His Excellency has appointed the following gentlemen to be Members of this 
Commis~ion :-

.. Sir Percy Fitzpatrick, Messrs W. S. Adams, H. C. Behr, L. Curtis, W. St John 
Carr, A. F. Crosse, H. S. Caldecott. W. A. Caldecott, Dr Corstorphine, Messrs F. 
Drake,~. Francke, A . .R. G~ldring, Dr Hatch,. Messrs ,r. G. Hamiit':lil, S. Jer.>nings, 
H. Jennmgs, J. H. Johns, E, Knox, K Laschmger, E. H. V. MelvIll, G. Mitchell 
Dr Chas. Porter, W. E. Park, Esq., Dr Pakes, Messrs 'I'. Reunert, A. M. Robeson' 
John Robinson (Secretary), H. Spenge!, H. Strange, W. K. Tucker, Dr Turr.er' 
Messrs J. R. Williams, H. H. Webb, A. Wilkinson, Fabian Ware (Chairman). ' 

" Persons desiring to tender evidence to the Commission should communicate with 
the 'Secretary of the Commission on Technical Education, P.O. Box 2641 
Johannesburg.' A statement, as detailed as possible, of all the points upon whic);· 
evidence is offered, should in all cases be furnished to the Secretary, not later than 
February 28, 1903 . 

. , Due notice will be given from time to time as to the dates and places where 
evidence will be heard." 

The President said that he trusted any of them who had evidence to bring forward 
before the Commission would consider the matter as fully as possible. They need 
not be nervous for nineteen Members of the Commission were Members or Associates 
of The Chemical and Metallurgical Society. 

Mr W. Cullen next submitted his paper entitled, "Miner's Phthisis: Some Notes 
and Suggestions." 

lIfr T. Lane Carter contributed to the discussion on .. Notes on Mine Sampling of 
the Main Reef Series." 

Mr D. Laird replied to the discussion on "The Economic Use of Petroleum Oil 
Gas Furnaces as applied to Smelting, Laboratory Work, and Drill Heating." 

Dr F. L. Bosqui (Cal. U.S.A.) forwarded a contribution to the discussion on 
"Notes and Queries," and 1I1r H. T. Durant's reply to the discussion was taken as 
read. 

The ordinary Monthly Meeting then closed. 

FEBRUARY 21, 1903 
A Special General Meeting was held at the conclusion of the ordinary General 

Meeting to consider and vote upon the proposal by Mr J. Yates to amend the 
Constitution and Rules of the Society. 

128 :!'ilembers were present in person or represented by proxy. 
Mr J. Yates moved the following resolution: "That the Society's title be 

changed from 'The Chemical and Metallurgical Society of South Africa' to 'The 
Chemical, Metallurgical and Mining Society of South Africa,''' and in a vigorous 
address dwelt upon the advantages of the proposal. The motion was seconded by 
Mr E. H. Johnson. 

lIir W. Cullen opposed the proposition, and after a very lengthy and full discussion, 
in which Messrs D. J. Williams and C. Dixon supported and :!'ilessrs A. F. Crosse and 
C. H. Pead opposed the motion, a ballot was taken. Messrs U: Dixon and C. 
H. Pead were appointed scrutineers, and declared the result of the ballot as 
follows ;-

For the motion 
Against 

92 
36 

The President declared the motion carried and the title of the Society to now be 
"The Chemical, Metallurgical and Mining Society of South Africa." 

Mr J. Yates then moved; "That all the necessary powers to effect the change of 
title of the Society be granted to the Council, to be afterwards brought b"fore a 
special general meeting for confirmation." 

lIIr C. Dixon seconded the motion, which was agreed to, and the proceedings 
closed. 
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Proceedings 0.1 Monthly Meetings 401 

JJ1ARCH 21, 1903 

'I 'he ordinary Monthly Meeting of The Chemical, Metallurgical and Mining Societv 
of South Africa was held on Saturelay evening, March :21, 1903, in the Council 
Chamber of the Chamber of Mines Building, Johannesburg. 

Mr John R Williams (President) occupied the chair, and there was a total 
attendance of 70, as follows :-

42 Members-Messrs H. G. Bevington, W. A. Caldecott, T. L. Carter, A. F. 
Crosse, A. Whitby, J. Yates (Council), A. W. Ablett, F. 1<'. Alexander, G. S. S. 
Anderson, M. Baumann, E. E. A. Blume, W. Boyd, E. Brooks, G. Carter, H. C. 
Dickson, C. Dixon, A. Fraser, J. Gaze, C. Hanlon, T. Kerr, T. H. Lake, Q. C. 
McMillan, A. Mc'\aughtan, A. Mennie, Dr J. 1\1oir, P. T. B. Morrisby, Dr W. C. C. 
Pakes, A. Richardson, 1. Roskelley, A. Salkinson, C. B. Saner, G. Seeton, J. A. 
Taylor, W. '['aylor, B. E. Tennent, E. C. Townsend, J. Watson, J. A. Wilkinson, 
C. H. N. Williams, J. B. Wilson. 

11 Associates-Messrs B. P. Carter, E. H. Croghan, A. 8. Inglis, J. W. Kilby, A. 
Kressmann, F. J. Lawrence, A. W. K. Pierce, L. J. Robinson, C. J. Tytherleigh, 
H. R. S. Wilkes, R. A. Wilson. 

Hj Visitors, and Fre(l. Rowland, A. C.l. S., Secretary. 

MINUTES 

The minutes of the last ordinary and Special General Meetings, as published in the, 
.lulu'lI.al for February, were unanimously adopted. 

NEW MEMBERS 

Thc following gentlemen were elected Members of the Society:-Messrs J. C . 
. Baumann, James G. Blackmore, Joseph Henry Combellack, James Murdoch.Eaton, 
1Iiartin Joseph Farrell, Cecil Trevor Gardiner, Rowland Ga,coyne, Alexander Hey· 
mann, Felix Heim, Prof. H. C. Jenkins, Herbert Jenkins, Richard Fitzgerald 
lIiaurice, Edwyn Davidson Raine, Edgar Philip Rathbone, Henry W. Scott, James 
Evelyn Vaughan, Harold Wade, Leslie E. Wainwright, and Henry R. S. Wilkes. 

The Secretary notified the names of the following gentlemen admitted as Associates 
hy the Council on the 13th inst. :-Messrs Reginald Lloyd, Francis Llewellyn Pidding· 
tun, Carlos Schertel, and Arthnr Donald Viney. 

'l'he Presiilent-l have much pleasure in saying that it gives us an increase in 
the membership of 180 since the war, 51 being Associates and 129 Members. 

THE PROPOSED MEMORIAL 

The President-Gentlemen, the Sub·Committee appointed to consider the ad· 
visability of erecting a memorial to the lI'1embers of the Society who lost their 
lives during the war, have gone into the matter very carefnlly, and after g-oing 
through a number of designs, none of which were considered satisfactory, Mr Yat.es 
kindly came to the rescue, and got a friend, Mr Crawforel Stuart, to design a 
memorial tablet, a photograph of which I will now pass round. For myself I think 
it is a very handsome design, and will grace the proposed lecture room as well as so 
sad a memorial can possibly do. 

THE ANNUAL DINNER 

The Seerctary announced tbat the Annual Dinner 9f the Society wonld take place 
at the Grand Natiollal Hotel, on Saturday, April 25th, and that the price of tickets 
had heen fixed at 25s., excluding wines. It was hoped that Lord Milner, the 
Honorary President, would be present, and the occasion promised to be the most 
successful dinner they had yet had. 

The President-The snecess of the dinner depends entirely upon the individual 
Mem bel'S. I hope you wiII all try to be present, and you will assist ns very consider· 
ably by notifying to the Secretary your intention of being present as soon as possible. 
We antieipate about 200 being present, and should like to know for certain as soon 
as possible in order to make the necessary arrangements. 

20 

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
)



402 Proceedings of Monthly Meetings 

Mr A. F. Cro .. e read a paper on "The Regeneration of Working Cyanide Solutions 
where Zinc Precipitation is used.", . 

Mr F. Alexander read a paper entitled, "Noteson the Common Practice of Quartz 
Milling on the Rand." 

Mr A. Whitby replied to the discussion on "Notes on COIl).mercial Cyanide of 
Potash." ." 

Messrs J. Yates, A. Richardson, B. P. Carter, and the President contributed to the 
discussion on" Notes on Mine Sampling of the Main·Reef Series." 

Discussion was opened on "Miner's Phthisis: Some Notes and Suggestions," by 
Messrs J. Yates, Dr J. L. A. Aymard, A. Heymann, Dr Pakes, F. White, and 
H. Guerreau. 

Tbe meeting then closed. 

APRIL 18, 1903 

The ordinary Monthly Meeting of The Chemical, Metallurgical and Mining Society 
of South Africa was held on . Saturday evening, April 18, 1903, in the Council 
Chamber of the Chamber of Mines Building, Johannesburg. 

Mr John R. Williams (President) occupied the chair, and there was a total 
attendance of 98, as follows :-

61 Members-Messrs Hennen Jennings (Hon. Vice-President), E. H. Johnson (Vice
President), R. G. Bevington, T. L. Carter, A. F. Crosse, R. E. Hall, S. H. Pearce, 
A. Whitby, J. Yates (Council), A. W. Ablett, F. F. Alexander, G. S. S. Anderson, W. 
K. Betty, E. E. A. Blume, W. Bradford, G. Buchanan, G. Carter, W. Cullen, C. Dixon, 
R. Dnres, J. Fleming', C. T. Gardiner, J. Gaze, H. E. Guerrerm, C. Hanlon, J. 
Hanrahan, H. Hay, A. Heymann, T. Jobnson, '1'. S. Jolly, R. L. Kerr, Q. C. 
l\lcMillan, A. McNanghtan, A. Mennie, H. Meyer, W. Mitchell, Dr J. Moil', H. H. 
Morrell, P. T. B. Morrisby, S. Newton, W. H. Oliver, C. H. Pead, D. E. Powrie,1. 
Roskelley, A. Salkinson, C. B. Saner, G. Seeton, P. S. Tavener, W. Ta.ylor, J. E. 
'reesdale, B. E. 'l'ennent, E. C. Townsend, J. E. Vaughan, H. Warren, J. Watson, 
E. H. Weiskopf, H. R. S. Wilkes, J. A. Wilkinson, C. H. N. Williams, G. W. 
Williams. 

15 Associates--Messrs A. E. Adams, W. W. Anderson, C. B. Brodig-an, B. P. 
Carter, E. H. Croghan, .J. Davidson, A. H. Exton, \V. H. Jeffreys, J. H. Jobnson, 
senr., A. Kressmann, A. E. Praetorins, L. J. Robinson, H. J. Spandaw, A. D. 
Viney, R. A. Wilson. 

21 Visitors, and li'redk. Rowland, A. C.1.S., Secretary. 

MINUTES 

Tbe minutes of the last Montbly Meeting, as published in the March Journal, were 
unanimously adopted. 

NEW MEMBERS AND ASSOCIATES 

The following gentlemen were elected Members of the Society :-Messrs Dr J. L. 
A. Aymard, B. P. Carter, J. E. Eisenstaedter, George Victor Goodwin, Frank W. 
Gosling, Thomas Maxwell, P. H. P. Monckton, James Morris, William H. Tushy, 
Albert E. Webster, and T. T. Williams. 

Messrs Louis David Mills and Peter Whytock were announced as having been 
admitted by the Council as Associates of the Society. 

The President-I have much pleasure in welcoming Mr Jennings amongst us 
this evening. I may say that not only is Mr Jennings an ex-President of the 
oldest society in the Witwatersrand, .bnt he is also tbe President of the Institntion 
of Mining and Metallurgy in England, ,md one of our first Hon. Vice-Presidents. Of 
the work he has done for the Witwatersrand 1 need say nothing, bil~ you will all agree 
with me that by the way he has trained the capitalists, he bas made it possible for 
us poor chemists and metallurgists to find a day's work. 

Mr H. Jennings, in response to the President's welcome, said :-Mr Chairman and 
Gentlemen,-l deeply appreciate the very kind manner in which Mr Williams has 
introduced me. I have been a long time Vice-President of this Society, but 1 regret 
it has been my misfortune to be so seldom at its meetings. I have been absent from 
the country, and one thing and another has prevented me being present bodily as 
much as 1 should have desired, but in spirit I have been present very often. I have 
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A nnual Dinner 

read the proceedings always, and I think the Society is known very much further 
.away than some of the Members may imagine. l';ven out in far California it is spoken 
·of and recognised, and I feel both grateful and proud of my connection with it. I 
am grateful, as representing the material interests of the capitalists here, and for 
the great natural benefit and good the Society has brought about, by stimulating all 
the workers on our mines, and I feel proud of the honour you have done me ill making 
me your Vice-President. 

Mr J. Fleming read a paper entitled, "The Extraction of Gold from Cyanide 
House Slimes by a Wet Method." 

Mr C. H. Pead's paper on "An Automatic Sampler for Tailings, Sands, and Slimes," 
was taken as read. 

Messrs T. L. Carter, Dr J. Moir, T. Johnson, J. A. Wilkinson, J. Fleming, B. 
E. Tennent, C. Dixon, Dr Aymard, J. Yates, W. Bradford, and A. Heymann 
{)ontributed to the discussion on "Miner's Phthisis: Some Notes and Suggestions." 

The proceedings then closed. . 

THE ANNUAL DINNER 

The Annual Dinner of the Members of Tae Chemical, Metallurgical and Mining 
Society of South Africa took place on Saturday. evening, April 25, 1903, at the 
Grand National Hotel, Johannesburg. Everything had been done to make the 

'function as brilliant a success as possible, ana the members of the committee and 
their secretary, JIIIr Fred. Rowland, are to be congratulated on the result. Includ
ing guests there were fully 150 people present, every scientific and professional 
society on the Rand being represented as in previous years, and the gathering was 
one whose members may be credited with having done more for the progress and 
development of the country and its industry than any other section of the com
munity. rrhe dinner, moreover, was well served, a not unimportant consideration 
on such occasions, and with the assistance of Mr Dod,on's orchestra, the gathering 
was of a most agreeable description. The menn cards were a work of art, contain
ing a neat illustration of the very ancient and modern system of mining, as drawn 

. by Mr Harry McCormick. The speeches were light-hearted in character, and fully 
refiecled the spirit of the gathering. Mr J. R. Williams (President of the Society) 
occupied the chair, and there were present :-

Messrs A. Aiken, G. Albu, F. F. Alexander, R. A. Alston, T. Begbie, W. Begbie, 
- Begbie, H. C. Behr, W. K. Betty, R. G. Bevington, F. Black, W. Boyd, B. 
Bradley, D. V. Burnett, G. L. Burnett, III. H. Burnham, G. Buchanan, W. A. 
Caldecott, H. R. Calvert, R. Camerer, W. Carbis, F. J. Carpenter, W. St J. 
Carr (Deputy Mayor), T. L. Carter, B. P. Carter, R. M. Catlin (President, I1iine 
Managers' Association), P. Cazalet, H. F. Cohen, A. F. Crosse, A. Cooper-Key, J. 
Dennison, G. A. Denny, W. R. Dowlini!', F. Drake, A. H. F. Duncan, R Dures, J. 
E. Eisenstaedter, W. M. Epton, N. L. L. Ji'eltham, M. Francke, Dr K. Franks 
(President, Philosophical Society), C. T. Gardiner, Dr F. Gamy, R. Gascoyne, J. S. 
Gibbs, D. Gilmour, Sir P. Girouard (Commissioner of Railways), k R. Goldring 
(Secretary, Chamber of Mines), F. W. Gosling, K. L. Graham, T. Greig, a. E. 
Hall, G. Halle, ~'. N. Hambly, H. Hamel, E. E. Hardach, H. Hay, F. Heim, H. 
Hellman, J. C. A. Henderson, R. Henderson, A. Heymann, H. Hill, F. G. Hollman, 
W. L. Honnold, Sir W. van Hulsteyn, W. Hutt, Hennen Jennings (President, 

. Institution of Mining and Metallurgy, London), E. H. Johnson (Vice-President), 
J. H. Johnson, Sr., B. Kitzinger, E. B. J. Knox (President, Transvaal Architects' 
Association), J. Dale Lace, J. Laity, E. Lawrie, '1'. Lockhart, W. McCameron, E. 
McGuire, W. W. Mein, C. Meintjes, H. !\'leyer, W. K C. Mitchell, George lIEtchell 
(President, Chamber of Commerce), Dr J. Moil', Dr G. A. F. lI10lengraff (President, 
Gcological Society), H. H. Morrell, .J. Morris, J. Munro, F. Norbon, D. F. Ogilvie, 
Dr W. C. C. Pakes, W. E. Park (President, Association of Mechanical Engineers), 
C. H. Pead, S. H. Pearce (Acting Hon. Treasurer), H. T. Petersen, A. W. K. Pierce, 

.'1'. H. G. Pierce, J. Waldie Pierson (lnst. Accountants and Auditors), J. B. Pitch
ford, Bishop of Pretoria, H. B. Price, L. Reyersbach, F. Roberts, A. M. Robeson, 
L. J. Robinson, Dr W. G. Rogers (President, Transvaal Medical 80ciety), F. Row

·land (Secretary), C. W. Salisbury, Dr J. Schlesinger, W. R. Slack, W. Smith, F. 
Smith, H. S. Stark, A. F. Stewart, W. McD. Stokes, Crauford Stuart, L. Sut!'o, P. 
S. '1'avener, W. Taylor, J. \V. 'reale, M. '1'orrente, E. C. 'l'ownsend, E. A. Wallers, 
Fabian Ware (Acting Director of Education), '1'. Watson, H. H. Webb (President, 
S.A. Association of Engineers), G. E. Webber, H. Weldon (Government Mining 
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Prosperity of the 71'ansvaal 

Engincer), A. Whitby, A. C. Whittome, J. Wightman, J. A. Wilkinson, J. R. 
Williams (President), R. Williams, W. H. Wood, W. Wybergh (Commissioller of 
Mines), J. Yates, P. Yeatman. 

At the conclnsion of the repast the Chairman gave the toast of "The King" 
which was drunk with musical honours. Continuing, he said he was sure that th~y 
would all agree with him in extending a ~earty welco~e to thei! guests. Theyall
very much regrettcd the absence of their Hon. President, HIs Excellency Lord 
Milner, who, acting under medical advice, was just now debarred from functions of 
that kind. 'fhey were also sorry their Hon. Vice· President, Sir Percy Fitzpatrick 
was also unable to be present that n;g'ht. 'fhey had certainly a very representativ~ 
gathering, including representatives of the Government, the Church, the Army the. 
Law, the Medical Society, and about ten sister Societies of Mining and Comm~rce 
and also last, but not least, they had the capitalists with them. He was pleased t~ 
see that from their presence there that evening, the capitalists still had confidence. 
even in the Chemists and Metallurgists. Hc was sure it gave them all great 
pleasure to see thcir guests that evening. It was an honour he could hardly find 
words to express, and possibly the best expression was to be found in the words of 
the Bard of Avon :-

"Silence is the pCl'f~ctest herald (){ joy; 
I am but little happy H I cun S<lY how much." 

He was surc they would all agree with him in trying to say how happy they 
were. He would ask them to drink to their guests, couplcd with the. names of Mr 
St John Carl' and Mr J. Dale Lace. 

Mr St John Carl' respondillg, expresscd his thanks for the kindly hospitality 
shown him, and his appreciation of the honour of beillg their guest. Many of the
Members of the Society, such as Major 'f. R. Dodd and others, had given their lives 

, in the cause of freedom, and he felt it an honour to be associated with gentlemen 
who had so distinguished themselves. 

Mr J. Dale Lace, who also responded, said it was very kind of them to couple his 
name with the toast. If it were not that he was debarred from being onc of their 
:iVIembers, he would gladly take this opportunity of saying that he would only bc too· 
delighted to become one of them, and instead of appearing as a guest at thcir next 
friendly meeting he would be there as a host. 

Mr J. Yates next proposed the toast, "The Land We Live In," saying he 
trusted he was not expected to give a full and true account of the condition of the
country, for he would point out that so many changes had occurred since their 
holiday at the coast, that as yet they hardly knew where they were, in this the land 
they lived in. But there was, at least, one thing which had not been changed, and 
that was their splendid climate, and he thought it rather fortunate that was so, for 
they needed its stimulating and health.giving' qualities to enable tbem to bcar up 
under the peculiarities 'and surprises attending life in this astonishing country. 
That life in the Transvaal was astonishing he thought they must admit. In what 
other country, for instance, was the black man given free beer and the white man 
left to thirst'! In what other conntry was a coloured man paid a wage that enabled 
him to retire from business in, say, three years and live the life of a country squire, 
whilst the white man, his master, must bc thankful if he can attain that same 
statc after twenty years of labour. Again, the stranger in the land must surely 
feel bewildered when he discovered that, instead of our farms being run by 
trained agriculturists, the operations are carried on under the advice of mining 
experts, with the result that vegetables are expensive, diamonds and gold being 
the common crops of the country, no regard being paid to rotation. And, lastly, 
it was certainly peculiar that most of the land south of the Zambesi was advertised 
in the daily press as desirable suburban building sites for the expansive Johannes· 
burg. These, together with the bi·weekly extellsion of the Main Reef Series, 
were a few of the surprises and peculiarities of the land they lived in, and they 
called for a stimulating climate. But let them give the country its due. With, 
a climate second to none they had combined an almost boundless mineral wealth,. 
and they must not forget the vast agricultural possibilities, for they would all 
yet see this country as responsive to the touch of the bushandman as it was to the 
prospector, and the thousands of square miles of now barren veld would be trans
formed before many years had passed into fertile and prosperous farmsteads. Yes, 
it was a wonderful and peculiar country, and one to be proud of. May they 
never desire to live out of it. He had the honour of proposing the toast of "The· 
Land We Live In," coupled with the name of Sir W. van Hulsteyn. 
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The Mining Industry 

Sir W. van Hulsteyn, responding, said he was proud to have been called upon to 
respond to the toast. 'I'he Members of their Society weTe those who were most 
dosely connected with that great industry, and he thought any country could be 
proud of the men who had placed the industry on the level to which it had attained. 
'rhat was a great thing, but only with reference to their professional abilities. But 
there were other things which the country was entitled to get from them, and those 
were their duties as citizens of thc Rand. There were the duties they had ill teach
ing the children who were growing up in this country to love that country. Noone 
would accuse the men of Johannesburg with not having always taken an interest in' 
political life. It had sometimes been hinted that they had looked for too much 
.and that some of them had found too much. However that might be, good had 
,come out of evil, and to-day they were in a position which was a proud one
a position in which the country was never before. They were in the position of 
being a worthy member of the greatest Empire that the world had ever seen, 
.and had done their share towards placing it in that position. 'l'hey could be 
proud of those fine South African -regiments which had arisen from amongst them· 
selves, and of such men as the late Major Seymour, who was more particularly 
connected with the R.P,R. He thought, also, they could feel proud when in the 
first place the question cropped up, and the Mother Conntry called upon this 
new Colony to show that it was prepared to bear the obligations of the position. 
it enjoyed, they were found ready and willing to do their duty. 

Mr E. H. Johnson (Vice-President of the t:lociety) next proposed the toast of the 
"Mining Industry." It was a toast, he said, which needed no recommendation. 
'rhey were bound up with the mining industry, and with the magnitude of its 
operations, the amount of capital invested, and the industrie .. which had grown up 
around it. 'I'here had scarcely been a period in its history when prosperity was 
more needed than at the present time. The indn,stry possessed all tbe essential 
factors for prosperity except unskilled labour. His predecessor in 1899 drew a 
comparison between the prosperity of this industry and the slow progress of the 
silver and gold industry in Russia. Mr Albu at the time said, in reply, that pro· 
bably the cause of the want of progress in Rus-ia was the absence of the Uitlander. 
Since the war made this community united they had also no Uitlanders, and whether 
this had anything to do with it or not there was no doubt they were not making the 
progress they ought, and it might be that eventually a Uitlander would have to be 
introuuced for their bencfit. He thought they would all prefer the natives if they 
,could be imbued with a sufficient sense of the dignity of labour, ami it was possible 
that the temporary introduction of a competitor in his own market might instil that 
into him. It was obvious tlfat the present stagnation of the industry could not go 
,on to an unlimited extent. Fortunately, in the solving of tbis problem, they conld 
.congratulate themselves on the fact that they had men at the head of the industry 
who would take no parochial view of the case. He coupleu with the toast the names 
of Mr Wybergh and Mr Albu. 

Mr vVybergh (Commissioner of Mines), responding, expressed the JlleasuTe it gave 
him to meet them all, chieHy because he was no stranger to them, He had the 
honour and privilege not only of belonging to the profession to which they nearly all 
belonged, but he had also the honour of being a Member of the Society, and he felt 
he was speaking to old friends. The business of mining might be divided into three 
parts. One might speak of eng~neering proper, of the men Whose chief concern was 
in reducing' working costs and getting the ore ont of the ground at the cheapest 
possible rate, and one may speak of the millionaire branch of the profession, of 

'which he reg'l'etted to say he had had no experience. 'I'hat was a branch of the 
profession which was generally concerned in getting their returns as quickly as 
l'0ssible. Then they had the chemical and metallnrgical branch, which was con
cerned in getting the greatest possible proportion of gold which existed in the ore. 
He was inclined to think that, from the point of view of the country, the most 
important thing was that nothing should be wasted, and that they should leave 
nothing in the ground by hurried work or scrambling for pTofit. It was veTY im
portant from thc point of view of the State that they should not pick the eyes of the 
mines, but that they should wOTk a\1 the gold and leave nothing behind, and no branch 

,of the profession did more in this connection than 'rhe Chemical, Metallurgical and 
Mining Society. Everyone would recognisc that it ",as their careful treatment of 

.years which had resulted in itlCreasing their extraction from 60 to 80 per cent. It 
was often said the last lOpe,' cent. cost as much to take ont as it was worth, but 
they got it out and it afforded working wages to so many more men, and from the 
point of view of the country it was quite as valuable as the margin of profit was to 
"the shareholders. It had been the work of the Members of that Society to get 
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The .!Illinz"ng Industry 

that extra percentage out of the ground, and no words of his could express the debt. 
the country owed to The Chemical, Metallurgical and Mining Society. There was no 
doubt that progress in that respect had been more marked. during the last two or 
three years, but there had, nevertheless, been continual progress. When one looked 
haCk to the way things were manag'ed ten years ago it was really wonderful to see· 
the difference. He could hardly exaggerate the usefulness of such a Society, or of 
such organisations as the Uhamber of Mines, the Mine Managers' Association, and 
numerous other societie", scientific and financial. He could not over-estimate the 
services such societies rendered to the country, and particularly to those who were· 
charged with the government of the country. It was almost impossible by any 
other means to g'et at what people were really thinking, and he could say with great 
thankfulness that he had always receiyed the greatest possible courtesy and assist
ance from this and all other societies. They had taken a great deal of trouble to· 
help him and give him information, and had very often put themselves to great. 
inconvenience. He would like specially on this occasion to refer to the admirable 
services their President, Mr J. R. Williams, had constantly rendered the conntry, 
more particularly recently in connection with the Government Commission appointed 
to deal with miner's phthisis. Mr Williams had given up a great deal of his valuable 
time to this Commission, and hi" services had been of the greatest use to the Com
mission, and he could only in tho name of the Government and of Mr Weldon 
(Chairman of the Commission) thank Mr Williams very heartily for his serYices. In 
thanking Mr Williams he did not want in any way to pa.s over the services rendered 
by members of other societies, but he had special pleasure in thanking Mr Williams 
for his services. 

Mr Albu, who also responded, said that by a sleight of hand trick the 
honour had been transferred to him of responding to the toast of the "Mining 
Industry." He would like to retaliate for this by treating them to a dissertation on 
native labour. It was a highly interesting question and affected the mining 
industry very much, but he had noticed that the Sunday labour law had been 
enforced very much of late, and in order to remain in the good graces of Mr 
Wybergh and Mr Weldon, he thought he would cut his remarks on the mining' 
industry very short. The pleasant lot of responding to this toast had fallen to him 
for some years, almost since the Society had been started. He remembered some 
years ago, one of the founders of the Society, Mr Butters-Charlie Butters-the 
slimes merchant, who had left this gay and festive country and gone back to 
America, most probably in order to join the very much-maligned capitalists. He· 
did not know where Mr Butters was, but speaking as the mining industry he wished 
him, as one of the founders of their Society, every success. He stood there as· 
representing the mining industry. He had said once that there was a great. 
similarity between the mining industry and a very fair woman. Everything was 
very young in those days, but he felt he had grown a very old woman. There was, 
however, plenty of vigour in him left. There was a proverb which said that a 
woman was only as old as she looked, and from his appearance he hoped they would 
judge him quite a juvenile party. He was pleased to see that the gentlemen present. 
that night, who had done so much to bring the mining industry to the fore, mostly 
consisted of very young men, and they knew this appealed to a woman very much. 
She liked her mates to be young. He was delighted with the gathering. They had 
given him-and they woukl forgive him for saying it-more bitter hours, caused him 
many regrets, and caused the much-maligned capitalist many sorrowful hours as 
well, but he was really very much taken with them. He was glad that some of the 
speakers had made up their minds to join the Society. He welcomed them, and 
sincerely trusted the Members of the Society would welcome those gentlemen who· 
had promised to become Members. He was quite sure they would be very useful in 
the deliberations on their scientific questions, he especially alluded to his friend Mr' 
Dale Lace, who had no doubt had a great deal of experience in matters concerning 
chemistry. They had had some interesting dissertations from some of the engineers. 
preEent-Mr Hennen Jennings and Mr Bchr as to the methods to be adopted, as to· 
how they could in the easiest possible manner enter into his very depths. He himself, 
though mostly interested in the question, had not been able to form an idea as to 
which of the two gentlemen he would prefer. He invited them both to come, but 
there was one thing which they had not been able to discover yet, namely, the stone 
of the West. Chemists they might all be, hut they had not been able to discover 
the secrets of the alchemists who lived hundreds of years ago, who considered it· 
possible to form from base metals what they were seeking to-day, the metal called 
gold. Perhaps they might discover the secret. He advised them to continue in their' 
researches, and perhaps with the capital which they knew was ,always at their dis-
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K£ndred Soc£eties 40 7 

posal they would discover the secret and become alchemists. He felt that there was 
a very great futnre in store for them as long as they cared for and behaved honestly 
to him. He·was speaking as the mining industry they knew, and he would always 
help them in getting at those treasures which he had hidden from them, and which 
he made dearer to them because of the cost of winning them. Speeches had been 
made about the country they lived in. It was undoubtedly a glorious country. He 
could speak from experience as he believed he was one of the oldest resio ents in 
::louth Africa, certainly one of the olde,t residents on the Rand, and under the new 
order of things undoubtedly they ought to prosper rapidly, but we have not come 
here to make money only, as it has so often been thrown in our teeth.' There was 
another spirit he thought which animated those eng'aged in unearthing the riches of 
this country, the spirit which animated those who built up a great monument, 
a great industry which would stand forth to the whole world as an emblem of what 
men of energy were able to perform. They were animated by the spirit of building 
up this great industry for the benefit, not of individuals but of Soutl:t Africa and 
the world at large. Perchance it might be in a thousand ycars that this country and 
all its work would be covered by a lava of oblivion, and there might be people 
coming out here to excavate the country, who might perchance find a buried block
house. Those people who might perhaps have devoted a thousand pounds to the 
work of excavation might imagine these block-houses to have been tabernacles of 
some kind built by the men who made millions in the country, for some charitable 
purpose. What he meant was that mighty little had been done in this direction by 
the men who had made their wealth III this country, and it was about time. The 
men who had left South Africa now wandered about Italy and Rome, and they had 
Beuter's cables in the morning papers bringing matters which did not in the least 
interest them. He thought they ought to make the land they lived in a land which 
was their home, and which was their children's home. They owed a debt of grati
tude to this country, the 'rransvaal, and he thought it was a debt which ought to b. 
paid soon. It was all very fine to indulge in fine phrases and unctuous sentences, 
but let them prove their sentiments in a more tangible manner than those who have 
made money in this country and gone away had so far proved to them. Three 
precious things had been given to them under the new order of things and the peace 
preservation law. One was the freedom of speech, the other the freedom of con
science, and the third the prudence never to practise them. He had gone out of his 
course, but he hoped they would Dot mind it. He had been carried away perhaps 
by the feeling of the mining industry. He thanked them for listening to him so 
patiently, and he trusted when they met again that room would be too small to hold 
the Members of the Society, to hold its guests. 

Mr A. F. Crosse (Past President of the Society) next proposed the toast of 
"Kindred Societies," coupled with the names of Mr Hennen Jennings and Dr 
Kendal Franks. 

Mr Hennen ,Jennings, in response, sa.id that in responding to such a toast he felt 
there was much to be said, but it was late, and he would not detain them more than 
two minutes. He felt it an honour to belong to so many societies-about five South 
African societies, and about an equal number in other parts of the world. 'l'his 
might seem too great a number of societies to do justice to. He felt that, but he 
felt also that all these societies were required to give him, as a mining man, any 
chance of keeping abreast of what was being done in science. He thought, when 
they came to realise what had been done here in societies, they would find a 
remarkable membership for the population. Why was this so 1 When they came 
to consider what was demanded of a mining engineer, they found he required a 
knowledge of civil, mechanical, and electrical engineering, g'eology, cbemistry, 
metallurgy, and in some cases medicine. lIiI' Crosse had mentioned a long list of 
societies, and he thoug-ht there were eleven or twelve professional and scientific 
societies here; this Society, of which he had the honour of being a Vice-President, 
compl~sed 700 members, and the kinship of the Society with others was shown in 
some of the other societies he belonged to, by the fact that many members of one 
society were members of another. There were 72 members of The Chemical, Metal
lurgical and Mining Society who were members of the Institution of Mining and 
Metallurgy in London. The fl. A. Association of Engineers only num bered 150 members, 
yet 5<1 of their members were members of The Chemical, Metallurgical and Mining 
Society. They would also find a large numbcr of members of the Geological Society 
in their Society, and the Mechanical Engineers, who numbered 260, over 50 of them 
belonged to The Ohemical, Metallurgical and Mining Society. This showed their kin
ship with the different societies, the joint interest. He had listened to Mr Wybergh's 
remarks, and quite agreed with him. He did not believe in trying' to stifle the 
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40 8 Kindred Societz"es 

individualism of their societies, but at the same time he believed if they could by 
keeping their individualities and by concentrating their material interests, gain 
greater power of usefulness, they should do so. He thought this could be accom_ 
plished in a measure, and the perfect individual rights of societies be maintaine(!. 
There had been great interest shown by the Government in technical instrueti6n 
here. His Excellency Lord Milner and the Lieutenant-Governor had shown great 
interest in it, and were doing everythiug they could to promote a high school of 
technical training in this country, and he thought it should be their endeavour in 
the different societies to supplement the efforts of the Tcchnical Education Commis
''lion. all they could. They could do. a gr~at deaL They could help stud~nts by 
makmg them student members of thelr sOClCtIeS, With no rights to mterfere m their 
business arrangements, but to give them every advantage to be gained in hearing 
iheir papers read, amI in gaining information. He thouilht there was .. scheme on 
foot, under which it was hoped they could form here a scientific centre, and where 
all the socictics could meet together in connection with a technical library, and a 
public library, and a well-arranged public lecture halL If tbe societies could get 
such a place, with their own business rooms distinct, and if it contained the advan
tages of a library for research work, and a lecture hall was provided in which illus
trations and experimcnts could be given, better work all round would be done, and 
still the individuali,m of the societies be maintained. The Government was to be 
,approached in connection with the public library and a lecturc IUIll, by which the 
you th of the town could be brought together to listen to popular scientific lectures 
'by professional men of these societies. 

Dr Kend[tl Fmnks, C.B. (President of the Transvaal Philosophical Society), also 
,responding, said Mr Hennen Jennings had referred to so many other socie~ies that 
he (the speaker) nced only responr! on behalf of the Society with which he was 
intimately connect cd as the Philosopher President over the Philosophers of J ohannes
burg, He had come to the eonclu,ion, however, that there were more philosophers 
in this Chemical Society than he had even dreamt of. It had he en shown that the 
kindred socict ies had, in some measure, linked together. 'rhey were certainly 
not in antagonism, though in some degree they might overlap, and in that way he 
thought they had overlapped the Philosophical Society. He thought the Medical 
;Society represented there that evening also overlapped their work, not. merely when 
they srarted an epidemic or an explosion in one of their mines. For iustance, they 
were a Chemical Society, and dealt with chemistry as an exact science. The 
physician, on the other hand, was also a chemist more or less, but not quite so exact. 
"1'0 draw a parallel, a chemist would take two tumblers of liquid chemicals which 
looked like water, but on pouring the one into the other it would assume a brilliant 
red colour, and a chemist knew it would do so beforehand. The physician would 
take a tumbler full of medicine in one hand and a patient as its receptacle in the 
-other, and pOllr one into the other, and there might apparently be no result what
'ever. Another branch of the medical profession was essen tially metallurgical. In 
this profession thcy dug a hole, made cavities, extracted the gold, and put it into 
thoir pockets, or they sank a bore-hole into the ground, and knew exactly what they 
were going to get. 'rhe physician used an instrument something similar to the one 
they usee! for making a bore-hole, sunk a shaft, aud sometimes extracted very 
wondcrful things from his patient. 

Mr Park next proposed the toast of "'l'heir Chairman" in a few well-chosen words, 
the proceedings being brought to a close by the playing of the National Anthem. 

MAY 23, 190:3 

'rho ordinary 1Ionthly JlIeeting of The Chemical, Metallurgical and Mining Society 
,of Sonth Africa was held on Saturday evening, May 23, 1903, in the Council 
Chamber of the Chamher of Mines Building, Johannesbllrg'. 

!\II' K H. Johnson (Vicc-President) occupied th8 chair, and there was a total 
attendance of 71. as follows ;-

43 lIIembcrs-1lessrs R G. Bevington, \Y. A, Caldecott, '1'. L. Carter, A. F. Crosse, 
S. H. Pearce, A. Whithy, J. Yates (Council), H. W. Adler, K E, A. Blume, W. 
Boyd, J. 'l'.Carruthcrs, B. P. Carter, 'V. Cullen, C. Dixou, 'Y. R. Dowling, .R. Dures, 
./. 1\1. ~;aton, C, T. Gardiner, S. H. Hart, S. A. Herbert, A. Heymann, J. Higham, 
,K Hollis, A. McA. Johnston, C. W. Lee, A. Mennie, H. H. Morrell, P. '1'. B. Mor
risby, O. P. Powell, r. Roskelley, A. Salkinsoll, C. B. Saner, G. Secton, D. L R. 
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Proceedings of Monthly lVIeeti1lgs 

:Simpson, B. E. Tennent, E. C. Townsend, H. Warren, J. Watson, H. It. S. Wilkes, 
J. A. Wilkinson, C. H. N. Williams, D .• J. Williams. 

6 Assoeiates-Messrs J. W. Kilby, A. Kressmann, J. Lea, F. L. Piddington, C. A. 
Robinson, H. Rusden. 

:ll Visitors (ineluding 111' Eo Perrow), and Fredk. Rowland, A.C.T.S., Seeretary. 

1IINUTES 

The Chairman regretted that the President was unavoidably absent, and moved 
that the minutes of the last ordinary General Meeting', as presented in the April 
number of the .lou,.""l, be taken as read and contirmed. This was seconded and 
.agreed to. 

NEW MEMBERS 

'fhe following gentlemen were eleeted Members of the Soeiety:-Messrs Franeis 
Allen, W. '1'. Anderson (Glen Deep), Henry Ceeil Beadon, William Begbie, J. G. 
Bowman, F. J. Carpenter, J. B. K. Dodds, Charles S. P. Edwards, James L. Hamil
ton, E. K Hardach, Austin Hebbard, ,r. Jdfrey, John Dale Lace, E. H. Martin, 
It. D. Newland, W. A. PaJTamore, It. W. Heading, L. Reyersbach, B. Travers Solly, 
H. S. Stark, Alfred L. Spoor, W. T. Temby, D. Wilkinson, .R. Whitelaw, and 
Ernest Williams. 

The Secretary notiticd that the following gcntlemen had been admitted H.S Associates 
by the Council on the 6th inst. ;--Messrs H. L. C. Barker, F. A. Bawden, J. Wilton 
'Carter, William Griffiths, Hobert Richardson, and :Frank Simon. 

The Chairman-I am pleased to say that this is an absolute record, as far as 1 can 
remember, to have 25 Members elccted at one meeting. . 

Mr Whitby !'ead a paper by 111' F. L. Piddington on "The Refining of Lead 
Bullion." 

Mr D. J. \Villiams replied to the discussion on "Notes on the Mine Sampling of 
the Main Ileef Series." 

Mr W. Cullen replied to the discussion on "Miner's Phthisis: Some Notes and 
Suggestions. " 

lIfessrs 1. Hoskelley, C. Dixon, and H. .R. :::l. Wilkes contributed to the dis
-cussion on "Notes on the Common Practice of Quartz Milling on the Hand." 

SOCIAL 

'l'he Chairman stated it had becn suggested to him that "Iembers who come into 
·our meetings from outside districts should come into town earlier, so that they may 
meet and dine togethcr before coming to the meeting. 

Some discussion cnsued, and it was decided to bring it up again at the next 
meeting'. 

SPECIAL GENERAL ~IEE'l'ING 

A Special Gcneraillfeeting was afterwards held, to consider proposed altcrations to 
the Constitution and 'Hules of the Society, which, with a few amendmcnts, were 
unanimously adoptcd, and the meeting closee!. 

JUNE 20, 1903 

The sevcnth Annnal 1leeting of The Chemical, 1Ietallurgical and Mining Society 
·of South Africa was held on Saturday evening, J uue 20, 1903, in the Couucil Chamber 
of the Chamber of Mines Building, Johannesburg. • 

lir John 11. Williams (President) occupied the chair, ane! there was a total attend· 
ance of 119, as follows:-

85 lIfembers-Messrs E. H. Johnson (Vice-President), R G. Bevington, W. A. 
'Caldecott, '1'. L. Carter, A. F. Crosse, ]{, E. Hall, S. H. Pearce, A. \Vhitby, J. Yates 
.(Couneil), F. F. Alexander, R A. Alstou, G. Andreoli, D. lIcL. Barrie, 1\1. Baumann, 
\V. K. Betty, P. Billyard, J. T. Bowman, W. Boye!, H. Brazier, K Brooks, D. V. 
Burnett, G. L. Burnett, J. '1'. Carruthers, J. H. Combellack, W. Cullen, P. \V. 
Dace, C. Dixon, W. R Dowling, J. M. Eaton, R. L. Edmiston, C. S. P. Edwards. J. E. 
Eisenstaedter, J. K. ),;rskine, V. G. Ferris, J. Fleming, C. '1'. Gardiner, W. Haniilton, 
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Proceedings of .lIfonthly Meetz:ngs 

S. H. Hart, H. Hay, A. Hebbard, A. Heymann. J. Higham, E. Hollis, A. ~cA. 
Johnston,W. M. Law, Q. C. McMillan, A. McNaughtan, E. H. Martin, E. L.Matthews,. 
G. Melvill, A. Mennie, J. T. Milligan, DrJ. Moir, P. T. B. Morrisby, W. J. R. North, 
A. E. Payne, C. H. Pead, D. E. Powrie, R. W. Reading, A. Richardson, I. Roskelley, 
A. Salkinson, C .. B. Saner, B. C. T. Solly, A. L. Spoor, A. F. Stewart, W. Taylor,. 
P. S. Tavener, B. E. Tennent, J. Thomas, J. E: Thomas, M. Torrente, E. C. 
Townsend, P. Q. Treloar, L. E. Wainwright, H. Warren, J. Watson, H. R. S. Wilkes, 
D. Wilkinson, C. H. N. Williams, D. J. Williams, T. T. Williams, J. B. Wilson. 

15 Associates-Messrs A. E. Adams, F. A. Bawden. J. T. Caine, J. ,V. Cartel', :K 
H. Croghan, W. H. Jeffreys, C. L. Johnson, J. W. Kilby, A. Kressmann, E .. 
J. Lawrence, L. ,r. Robinson, C. W. Salisbury, C. Schertel, A. D. Viney, R. A. Wilson. 

18 Visitors, and Fredk. Rowland, Secretary. 
97 Members were also represented by proxy. 

MINUTES 

The minutes of the previous ordinary meeting, as published in the last Jau'~wl. 
and those of the Special General Meeting, were taken as read and confirmed. 

NEW MEMBERS AND ASSOCIA TES 

The following gentlemen were elected Members of the Society:-Messrs F. H. 
AIkin, William Beaver, T. E. Johns, W. A. Krige, George McLaren, and G. H. 
Royse. -. 

The Secretary notified that Messrs P. H. Grummitt, J. A. Moffatt, Charles A. 
Morgan, and H. S. Young were admitted Associates of the Society by the Council 
on the 5th inst. 

SOCIAL DINNER 

Mr W. Cullen-At the last meeting those who were present will remember that. 
an informal proposal was made particularly in the interests of country Members of 
our Society. It was felt that a good many country Members, some of them coming 
from considerable distances, had not the means of getting into touch with other
country Members, and even with the Members resident in. town. I believe that 
feeling has been expressed by a good many. Well, in some way to get over this 
difficulty, and to make the Members of the Society more acquainted with one 
another, a proposal was made at the last meeting that prior to our meetings as many 
Members as possible, whether from the country or otherwise, should meet and either
dine, or smoke the pipe of peace, or even drink together. I am pleased to say that, 
thanks to the energy of Mr Yates especially, we have made a beginning to-night. 
A few of us met at Long's Hotel, where we have dined very well, talked a good deal, 
and drank just a little. The idea is that the meeting was much too small. and we' 
hope next month that the company we had to-night will be increased to forty 
or fifty. I can assure those who were not present to-night that we had a most· 
enjoyable hour. At any rate, the object of the meeting was fulfilled to a large· 
extent, and I· think our object will be further served by my ventilating it. My 
idea is that a small committee should manage this business, quite apart from the 
ordinary business of the Society, and run it as The Chemical, Metallurgical and 
Mining Society Club of South Africa. We might call it the C.M.M. Olub, so that· 
we eould meet in an ordinary capacity before those actual meetings. Some of the 
Members come from a considerable distance, and we .may as well dine together. 

The President-Will Mr Cullen put this as a recommendation to the new Council. 
Mr W. Cullen-I have much pleasure in moving that we recommend to the

Council which will be elected to-night, that they take steps towards the formation 
of this social club. At the same time I will make the suggestion that notice be
given as to the time and place in the next monthly Jam·nal. 

The President-You have all heard the proposal, and I am sure there can be only 
one feeling about it, and that it will be carried unanimously. 

The proposal was unanimously agreed to. 

CONCESSION RAILWAY TICKETS 

One of the Members drew attention to the fact that a reduction in the railway 
fare was refused him at Pretoria, where the official stated that he knew nothing 
about the concession. 

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
)



A nnual Report 4I I 

The Secretary-If any gentleman will give me a definite instance of his concession 
form being refused, I will m~ke the necessary application to have the half fare 
refunded. I know that each station-master on the C.S.A. Rmlways was notified 
that any concession ticket bearing my signature was to be recognised. 

The Pre8ident-I have much pleasure in now calling upon the Secretary to read 
the Council's report. 

The Secretary read the Annual Report as follows:-

THE ANNUAL REPORT 

Your Council have much pleasure in submitting their Report and Balance Sheet 
for the year ending June 6, 1903, beillg the seventh, and in many ways the most 
progressive year of its existence. 

The Financial Statement submitted is a very creditable one, and, considering the 
heavy expenditure involved during the year, the cash balance of £388, 13s. lId. in 
hand is satisfactory; this, however, will be temporarily absorbed in meeting the 
cost of publishing the second volume of " Proceedings." 

The advancement of the status of the Society has been marked in many ways, 
and perhaps in none more tban in the increase in membership, of which a new class 
has recently been created, namely, Student Members; this latter class being for 
the benefit of students, by allowing them membership at reduced terms, which, we 
have no doubt, will be appreciated when more widely known. 

The present membership may be classified as follows :-

Hon. LUe 
Members. Member. Members. Associates. 

Transvaal (Witwatersrand) 1 358 185 
Transvaal (outside districts) 20 21 
Rhodesia. 13 15 
Cape Colony 1 2 3 
Natal 4 2 
German S.A. 1 
Bd tish Isles 5 20 11 
Australasia 10 8 
Canada and British Columbia 2 2 
India 4 
China 2 
Europe . 2 4 4 
U.S. America 1 6 12 
Elsewhere, including Borneo, 

Central and South America, 
Du tch East Indies, Madagascar 
and Mexico 2 11 

Total 10 1 441 281 

From this it wjll be seen that the Society has a membership at present:-

Hon. Members 
Life Member 
lI'Iembers . 
Associates 

Total 

being a net increase of'4 Hon. Member>, 150 Memhers, and 38 Associates. 

13 
1 

441 
281 

736 

We regret to say that our loss by death during the year has been exceptionally 
heavy, including, as it does, the following 8 Members and 5 Associates :-Messrs 
P. J. Du Pont, H. W. Fordham, G. Hunter, F. J. T. Hunt, F. Mosenthal, L. E. 
Strother, P. E. Truscott, C. W. Thompsoll, C. T. Gardner, W. MacGregor, E. H. 
Messer, 'V. Temperley, '1'. Dunn, H. Pott. 

By resignatioll our numbers have been reduced by 8 Members and 3 Associates. 
Twelve Associates have been transferred to membership. 
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412 Annual Report 

We congratulate the Members upon the faet that Lord Milner, the High Commis_ 
sioner and Governor, has graciously accepted the Hon. Presidency of the Society. 

Since the last report 12 ordinary meetings have been held, at which the following 
papers have been read and diseussed :-

June 21, 1902 (Sixth Annual General Meeting)-Council's Annual Report and State_ 
. ment of Accounts; Election of Officers and Council; Notes on the Treatment 

of Slimes by Filter Presses, by Mr C. Dixon, A.I.M.IIL, etc. ; discnssion on 
previous paper. 

July 19, 1902-Notes on Cyanidation in Borneo, by Mr A. C. Claudet; The Pro
posed Memorial, by lUI' C. Dixon; '1'he Smelting _ and Refining of Zinc
Gold Slimes, by Jllessrs E. H. Johnson and \V. A. Caldecott; discnssion on 
previous papers. 

August 16, 1902-The Proposed Memorial, by Mr J. Yates; A Slight Improve_ 
ment in Extractor Boxes, by Mr S. B. Hutt; An Improved- \Vashbottle for 
Quantitative Work, by Mr E. H. Wciskopf; The Hesidual Products of the 
Dynamite Factory and their Value to the Gold Industry, by Mr W. Cullen' 
reply to discussion on "A Note on Gold Precipitation by Zinc Dust," by M; 
G. A. Paekard; discussion on previous papers. 

September 20, 1902-The Thermo-Hyperphorie Process, by :It!r A. T. Firth; Notes 
on Valuing a Gold Mine, by Mr '1'. Lane Carter; Notes and Queries, by lIir 
H. T. Durant, F.C.S.; lILI.M.IIL ; diseus.~ion on previous papers. 

October 18, 1902-Suggested Change of '1'itle; The Lead Smelting of Zinc-Gold 
Slimes, by Mr P. S. '1'avener; Notes on Mine Sampling of the Main Reef 
Series, by Mr D. J. Williams; 'l'he Economic Use of Petroleum Oil Gas 
Furnaces as applied to Smelting, Laboratory Work, and Drill Heating, by Mr 
D. Laird; discussion on previous papcrs. 

November 15, 1902-The Theory of Miss-fires and Some Conclusions of Practical 
Value, by Mr E. H. Weiskopf; discussion on previous papers. 

December 20, 1902-Notes on Commercial Cyanide of Potash, by Mr A. \Vhitby' 
discussion on previous papers. ' 

January 24, 1903-The 'l'itle of the Society, by IIII' J. Yatcs; Cyanide Poisoning; 
discussion on previous papers. 

February 21, 1903-Miner's Phthisis: Some Notes and Suggestions, by Mr \V. Cullen; 
discussion on previous papers. 

March 31, 1903-The Regeneration of Working Cyanide Solutions where Zinc Pre
cipitation is used, by Mr A. F. Crosse; Notes on the Common Practice of 
Quartz Milling on the Rand, by Mr F. Alexander; Interim Report of Com
mittee upon Cyanide Poisoning; discussion on previous papers. 

April 18, 1903-'1'he Extraction of Gold from Cyanide House Slimes by a Wet 
:Method, by lIIr J. ~'leming, l\I.A.; An Autolllatic Sampler for Tailings, 
Sands, and Slimes, by 1111' C. H. Pead; discussion on previous papers. 

April 25, 1903-The Annual Dinner of the Society. 
lIlay 23, 1903-The Refining of Lead Bullion, by IIII' F. L. Piddington; discussion on 

previous papers. 

It will be seen from the foregoing that thc subjects dcalt with have been of wide 
interest and utility, and the debates thereon have shown the interest of the Members 
to be as keen as ever. Weare also pleased to call your attention to the amount of 
matter contributed from other mining fields. 

Three Special Generalllleetings have been held during the year :-

December 20, 1902 (Special General 1I1eeting)-Addition to Title; Creation of 
Student Class of lI1embership. 

February 21, 1903 (Special General Meeting)-'l'he '1'itle of the Society. 
May 23, 1903 (Special General Meeting)-Amendrnent of Constitution and Rules of 

the Society. 

'1'he outcome of which has been-

{a) The Society has added" Mining" to its title, and thercby created a larger field 
from which to draw subjects for papers and discussion, etc. This step was 
taken for the purpose of providing a means for the discussion of mining matter 
which previously did not exist on these fields, as well as from consideration of 
the large proportion of mining men among- you. 
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Dr. 

1902. * 
£ s. d. 

19 13 2 
1 0 0 

12 3 0 
21 0 0 
87 10 0 

141 6 2 

(230 16 2 

88 3 9) 

142 12 " 

334 10 0 

618 8 7 

1902. 
£ s. d. 
40 0 6 
18 18 0 

(92 16 3 

334 10 0) 
----
427 6 3 

486 4 9 

THE GHEMIOAL:-"NIETALLURGIOAL AND MINING- SOCIETY OF~T'ErJ\ .. 13'1U_c)A. 
RBVEKUR AGGOUN1' FOl:. rEAR 8XDLYG JUNE G, 1903. Cr. 

EXPENDITURE. 1903. 1902. 
£ s. d. 

REVENUE. 1903. 
£ s. d. £ s. d, 

To Charges (including Postages, 
Attendance, Bank Charges, etc.) 85 19 10 

" Stationery 21 11 2 
Printing end Advertising 55 :3 0 

" Rent amI Lighting 51 10 0 
Salaries. 270 10 0 

Loss on Annual Dinner 
" Society's J ournal-

Cost of Reporting, Printing', 
Postages, and Sun(ll'ics . flSf) 12 

Less Receivccl for Subscriptions 
and Advertisements 229 ,[ 9 

" Sundry Dehtol's, Amonnt;-; written olf 
B~lance 

*' 5 months only. 

480 14 0 

83 10 G 

3fiG 7 4 
17 4 0 

By Snbscriptions-
477 15 0 Mem bel'S 
111 5 Associates 

589 0 7 
29 8 0 " Entrance Fees . 

Sales of Tl'ansHctioBH . 
Bnlanc~, deficit on year's working 

941 15 10 I 618 8 7 

IJALANCE SIJ"ET, JUAB 6,1903. 

£ s. d. £ s. d. 

525 9 0 
264 n 0 

790 0 0 

128 2 0 
20 3 3 
3 10 7 

941 15 10 

LIABlLl'l'IES. 1903. 1902. ASSETS. 1903. 
£ s. (1. £ s. cl. £ s. d 

166 .J. 7 
080 

To Sundry Creditors 44 10 (i 
" Subscriptions paiclfor 1904 in advance 68 fi 0 

l\iemorial Fund . 3 f) 0 

Revenue Account-
Balance at June 20, 1902 . 427 (i 3 
Less Deficit as per Hevenue 

Account, June 6, 1903 3 10 7 

116 0 6 

423 15 8 

(12 5 10 
25 14 1) 

(j II 9 
8:3 19 " 

229 1 0 

539 16 2 I 486 4 9 

£ s. d. £ s. (I. 
By Cash at Bank 

Cash in hand 
Tran3actions-

Balance "f cost . . 

:380 0 10 
o 13 1 

Sales dllring period en(ling 20/6/01 

Sundry Dehtors (for ;\(lvertieomCllts, ctc.) 
Memhers' SlIbscriptions (dllc and IInpaid) 

380 13 II 

Hi9 2 3 

539 16 2 

We have examined the foregoing Statements of Account, compared them witb the 
Books and Vouchers of the Society, and wc find the statements to bc trnc and correct. 

JOHN R. WILLIAMS, Pl'eSident. 
S. H. PEAHCE, Acting IIon. Tre({s",·er. 
:f'REDK. HOWLAND, Seeretw'!!, ALEX. AIKEN, ) . 

F. FRASER ALE;XANDER, rIlon. A~ld,toi's. 
JOHANNESBURG, J~tne 19, 1903. 

Assoc. Chal'tere(lJllsl. Secrefal'ie~. 
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A n1zua! Report 

(u) It was decided that, owing to the growth both of the membership and scope 0, 

the Society, to increase the number of office-bearers to be elected for the 
ensuing year, so that in future there will be three Vice-Presidents and twelve 
Members of Council. 

,(c) Certain alterations and additions to the Rules have been made to meet the change 
of title, and admission of students, etc. 

'rhese Rules have been reprinted and distributed amongst the membership. 

The Council have held 16 meetings during their year of office in order to transact 
the business of the Society. The following is the attendance of each Council 
Mcmber :-

Mr J. R. Williams 14 Mr G. A. Darling 8 
E. H. Johnson 10 R. E. Hall 8 

" 
J. Littlejohn 5 S. H. Pearce 9 
R. G. Bevington 7 ., A. Whitby 15 
W. A. Caldecott 14 J. Yates 15 
'r. L. Carter. 12 A. F. Crosse 7 

Your Council have formed several sub-committees in addition to those already 
existing, the more prominent now being those formed to consider the matters 
·of-

Cyanide Poisoning, Joint Library, Prizes for Papers, Memorial for those fallen 
during the War, Constitution and Rules, Patents, Dinner, Ab,tract and Editorial 
Committees. 

The Cyanide Poisoning Committee have already issued a provisional report, and 
.are now awaiting the results of experiments before issuing a final """'<1ne. We 
.should like to call especial attention to the assistance given by Drs Pakes and 
Porter. 

The question of the Joint 'l'echnical Library has received further attention, the 
.scheme being now merged into the Seymour Memorial Library, which is being 
established. 

In order to increase the interest of Members, and with the object of obtaining still 
more valuable papers, a scheme of rewards is being evolved, but so far the details 
have not yet been arranged. 

It has been decided to perpetuate the memory of those Members of the Society 
who lost their lives during the late war by means of a suitable memorial tablet, 

·the design of which has been selected and may be seen upon application to the 
Secretary. 

Your Society has been represented by Messrs E. H. Johnson, W. A. Caldecott, and 
Dr Carrick on the Patents Committee of the Chamber of Mines. 

The journal of the Society has quite maintained its past record and continues to 
be extensively quoted from as a recognised authority. The thanks of the Society 
are due to the Members forming t.he above Committees, and to the Abstractors, 
especially to Mr Whitby, and the Editorial Department, for their arduous and 
.gratuitolls labours in these matters. 

Fresh endeavours have been made in regard to obtaining cheaper railway rates for 
Members attending the meetings of the Society, but so far we have been unable to 
·obtain any concession beyond that for Members attending the Annual General 
Meeting, of which you have been notified. 

'l'he Annual Dinner was held at the Grand National Hotel on April 25th, and 
proved a very successful social function, the attendance of 150 included most of the 
leading representatives of the Industry, our Government and Municipality. 

The sympathy of your Members will be with your Hon. Treasurer, Mr Littlejohn, 
in his recent illness and bereavement, and we are looking forward to his early return 
to health and duties. Our thanks are due to lIfr S. H. Pearce for performing the 
duties of his office during his absence. 

We regret to state that we have received notice to vacate our present office in the 
Chamber of Mines Building, it being required by the Chamber of Mines themselves. 
Another office has, however, been selected in Steytler's Buildings. 

In conclusion, we wish to record our thanks to the Hon. Auditors, Messrs Aiken 
and Alexander, for their labours in auditing the Accounts of the Society, and also to 
the Ohamber of Mines for their continued kindness to the Society in extending to us 
the use of the Council Chamber for our meetings. 

The President, in moving the adoption of the Report and Accounts, said :-
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President's Va!edz"ctory Address' 

THE PRESIDENT'S (Mn JOHN R. WILLIAMS) VALEDICTORY ADDI:tESS 

You have just heard the Annual Report of Our Society, and I am sure you will 
agree that we have every reason to be jUHtly pleased at the progress wc have made. 
The Report, which has been prepared by Messrs Pearce and Yates and Our indefati
gable Secretary, Mr F. Rowland, will speak for itself. 

My period of office covers those dark days that the country has gone through, when 
a number of our Members-Boer and Briton alike-laid down their lives for what 
they considered the cause of justice and freedom. Even before peace was declared 
my Council took the necessary steps to put our Society on an active footing again, 
for which they deserve the best thanks and gratitude of every Member, and I can 
assure them I fully appreciate the difficult task they have had, and the very thorough 
manner in which they carried out their duty, for, as you know, my absence in England 
prevented me from rendering the assistance which I should otherwise have given. 

\Ve have, as you are all aware, found it necessary to (I will not call it change the 
name of our Society) add" Mining" to our title, which I feel confident will in every 
way enlarge our field of inquiry, besides wbich no society' can be more qualified than 
ours to deal with such questions as "The Quality and Quantity of Mine Gases," 
" l\'Iine Sampling," "Tbe Proper Use of Explosives," and the many other subjects 
that our membersbip, consisting, as it does, of nearly all the mining engineers, mine 
managers and workers on these fields are interested in. Gentlemen, that this has 
been a wise step t.he fruit of the near future will speak for itself. It is only natural 
that our first two papers sbould, after such a long period of rest, be on " Cyanide 
Solutions" and" Gold Extraction," and our thanks are due to Mr Crosse for his 
valuable work in this direction, and also to 1111' Dixon for bis useful" Notes on the 
Treatment of Slimes by the Filter Press Process"; tbe very full discussion on this 
paper drew out at least two very useful points, '·.e. that we must find and make a 
process to suit the material to be trcated, or, in other words, that what will suit one class 
of material will not necessarily be I'rofitable in another, and that the simple decanta
tion process can make a profit of slimes of less than l~ dwts. in value. This I consider 
a metallurgical success that the Members of this Society have reason to be proud of, 
for it is, with the invaluable assistance of tbe engineers, entirely our own work. 

On the smelting and refining of zinc-gold slimes we have had three valuable papers 
-one by Messrs E. H. Johnson and W. A. Cal dec ott, one by 1111' J. Fleming, and 
last, but not least, that workmanlike and metallurgical process evolved by 1111' 
Tavener. We have by no means exhausted all that is to be said on these subjects, and 
I am certain that we will soon have much more valuable data to record in connection 
with these papers. 

The two valuable papers on "The Estimation of Mine Value'," by Messrs T. Lane 
Carter and D. J. Williams, and the discussion on them bas added very consider
ably to our store of knowledge, and very clearly shows that a mine sampler 
is no mere drudge, but requires a most careful training, and who must be endowed 
with good, sound common-sense, and be a conscientious and courageous worker. 
His status is such as to deserve the respect and estecm of the management. 

The very useful paper of Mr Weiskopf goes a long way to sbow that the days of 
the rule of thumb are finished. I am pleased to say that this paper is bearing good 
fruit amongst the miners, and I am certain that accidents from miss-fires have been, 
and will be further, considerably decreased. 

1111' Cullen's paper on "Miner's Phthisis" has been productive of a very full and 
complete discussion, and I am certain that we will all admit that we have ha.d con
siderable enlightenment on this most important subject. The many other papers, 
some still under discussion, both chemical and metallurgical, are quite up to our 
previous standard. 

The progress of metallurgy on these fields during the last year has perhaps not 
made the same progress that some of us had hoped for; the main cauoSe has been the 

. great shortage of native labour, and I think it speaks well, considering how 
greatly we have been and are handicapped, that we are maintaining the high 
extraction that was obtained before the starting of hostilities. 

Taking our papers as a whole, we have every reason to be proud of them, but it is 
not enough for us to think, and to say, that they compare favourably with those of 
kindred societies; the question we should ask ourselves is whether they are the best 
and the most useful that we can evolve in view of the potential fact that Our greatest 
aim should be to equal our possibilities. 

It has been said of our Society that we are wanting in tone, but I do not agree with 
the statement, as I am at one with Buskin when he says that the greatest thing a 
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President's Valedictory Address 

man can do is to see sOlllething, and having _een it, to put it in the simplest possible 
language for the benefit of humanity. Our endeavour has been to assist each other 
and this great industry. Have we clone so, or can we do more by finding further 
suitable material fo\' us to work on? In one way certainly we can do more by en
deavouring to strongly stimulate discussion, which I am certain every Member' 
prizes highly, for a paper is not of the same value unless we have that full discussion 
on it. I think often from timidity a lot of useful criticism has bcen lost, and I 
again ask those who do not care to speak to write their views and send them to the 
Secretary, as the amount of information that CrLn be obtained in this manner will I 
am certain, be invaluable to us all, and we can only achieve our main object, whi~h 
is to increase and diffuse our professional knowledge, and to improve our methods so. 
that we obtain the highest possible efficiency with the smallest expenditure of labour 
which labour should at all times be a source of cum fort and happiness to us one and 
all. 

" Those who are determined by choice to any particular kind of business are· 
indeed more happy than those who are determined by necessity; therefore no one of 
the sons of Adam ought to think himself exempt from labour or iudustry, and those 
to whom birth or fortune lIiay seem to make such an application unnecessary ought 
to find out some calling or profession, that they may not lie as a burden upon the 
speeies,ll 1 

I cannot help reiterating a statement of our Hon. Vice-President, Mr Hennen 
Jennings, "that every extra grain of gold recovered will pay the interest on a capital 
of £22,000 on a 200-stamp mill." In the extra grains in our residues there is large 
room for improvement, and careful attention to final washings and sufficient treatment. 
will well repay those directly connected wit h gold recovery. 

During Mr Chamberlain's visit he alludcd to the work to he done in the future Oil 
the other elements to be found in this country, as copper, tin, lead, zinc, nickel, 
eohalt, and iron arc fouud in this Colony 'and other parts of South Africa. 

Are we prepared as metallurgists to work these elements 1 Are we quite up to. 
clate in the great strides that have been made, or will it be found necessary to 
import chemists and metallurgisl S 1 I hope not, for we should be prepared for 
any emergency. We can be. Let 1\S all say, we will be. 

To sum up, let us all try to make this a society not only for our own exchange of 
ideas, but for the good of science, therefore for humanity. The responsibility rests 
with the Council, whom we have to elect to-night, and also to the future Coullcils ; 
therefore the responsibility rests with the whole membership of the Society. 

As you will note from the Report, it is suggested to stimulate originall'apers and 
research work by prizes, and there are among us some who would gladly assist us. 
with thc means to give a just reward for such work. 

I will now formally move the adoption of the Report. 
!lIr A. F. Crosse-It gives me great pleasure to second the adoption of the Report 

and Accounts. I thoroughly sympathise with our President, Mr Williams. He· 
has gone through what has been called the drum and storm period. He was elected 
President before the war. 1 went through a period of that kind when the Jameson 
Raid intervened. I only hope now there is a long future of peace to this country, 
and thrLt all the white inhabitants of the country will live together in brotherly love· 
and good feeling; those of us older Members of the Society, who were lIfembers in 
the early stages of its birth, can feel flattered at the succcssful way everything has. 
progressed. !lIr \Villiams has been most indefatiga ble in his efforts to promote its. 
success from the first, and I have much pleasure in thanking him for all that he has 
done for the Society. 

Mr J. Yates-I would like very much to second that vote" of thanks to !lIr' 
Williams. I can assure you that o'nly the Members of the Conncil know how much 
of our success is due to his cfforts. 

The President-Beforc formally putting the adoption of the Report, I wish t" 
thank Mr Crosse and Mr Yates and the Members for the w~.y they have received 
this vote of thanks. I can only reiterate the statement I macle when elected to the 
chair, that I was a square plug in a round hole, but I can assure you that any of 
my failings were not for the want of trying. If there is a man who has the interest 
of '1'he Chemical, Metallurgical and Mining Society at heart, it is your Acting 
President to-night. I have much pleasure in now formally putting the adoption of 
the Report. If any gentlemen would like to speak on the Report before it is put t" 
the meeting, I would like to hear their opinion on it. 

Mr C. Dixon-As one of the most energetic men in our Society, I think our Secretary 
should not be forgotten. I happen to know by being in his office very often what 

I Addlso,. 
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Eler.:tion of Office-Bearers 

a lot of work he has done. I should like to put it as a suggestion to the new 
Council that they give the Secretary a bonus for the tremendous work he has done 
during the year. If my fellow Members will bear me out in this, I am sure the 
Council will be glad to carry it out. 

Mr S. H. Pearce-I may say the wishes of Mr Dixon have been already forstalled 
by the Council. 

The President-l may say in addition to what Mr Pearce has said, that I am sure 
the Council reali-es the inestimable work Mr Howland has done for us all along and 
particularly during the last year. The question I am pleased to see l'IIr Dixon has 
brought forward to-night, came before the outgoing Council, who voted a bonus to 
Mr Howland as a very small memento of their regard and appreciation of his 
valuable serviees to the Society. 

Mr \V. Cullen-I do not know that I am in order, but one suggestion has been 
made and I think I will back it up with another. I quite agree with everything 
said about our President and worthy Secretary, but we must not forget our equally 
worthy Council. I think very few of our Members have any conception of the 
amollnt of work our Council has had to do. Personally I had no conception of it 
at all. I think perhaps some of us rather look at the Council as ornamental, but if 
anyone has had any ideas of that kind the report we have had to-night must have 
disabused their minds. J think one and all must recognise they have done an ex
cellent work, and that they have been indefatigable in the work they have had to 
do, and the least we can do to-night is to accord them a very hearty vote of thanks 
for the work they have done in the past. T hope the best of them will continue on 
the Council we elect to-night. 

Mr J. Thomas seconded the proposition. 
The President-I really cannot say too much for the way in which the Council has 

backed me lip and have done about 99 per cent. of the work. I appreciate Mr 
Cullen's remarks, and put it to the meeting. 

The proposal was heartily agreed to. 
Mr~. H. Johnson-On behalf of the Council I thank you very much for your 

kind appreciation. It has been entirely a labour of. love. It has not been at al\ 
a strain on the Council, as they are fond of the work. 

The adoption of the Report and Accounts was then put to the meeting and carried 
unanimously. 

ELECTION OF PHESIDENT 

The President-The next business before us is the elecl·ion of President. As you 
will see from the nominations, there are three candidates, l'IIr E. H. Johnson, Mr 
S. H. Pearce, and Mr J. Yate,. 

'l'he Secretary-I migbt mention that Mr. J. R Williams was nominated for the 
Presidency again, but withdrew his name. 

A ballot was then taken, which resulted in Mr S. H. Pearce being returned by the 
scrutineers as elected. 

Two ballot papers were iIlYalid, and the number of voting papers was 177. 
The President-I have pleasure in declaring 11'11' Pearce elected President of the 

Society for the enSiling year. 
l'IIr S. H. Pearce - r hardly know how to thank you for the honour YOll have done 

me in electing me President. [do not want to insult your intelligence by saying 
you have not elected the right man for the job, but 1 will tell you I will do my best 
to keep up the traditions of the Society which he comes more onerous every year, and 
I hope to Hay more ahout this when r read my inaugural address. 

ELECTION OF VICE-PHESIDENTS 

The President-There are six nominations, hut !iiI' Pearce heing elected President 
naturally comes out. We have to vote for three Vice- Presidents. 

A ballot was then taken, with the following result :-!lir W. A. Caldecott, Mr J. 
Yates, and Mr E. H. ,Johnson heing elected. 

The President-I have much pleasure in declaring Mr W. A. Caldecott, 1111' J. 
Yates, anti lIIr E. H. Johnson elected Vice-Presidents. 

THE HON. TREASURER 

The President-There is no election for the position of Han. Treasurer, the only 
candidate being our esteemed Vice-President, !iiI' Littlejohu. [am pleased to say 
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Cyanide Poisoning 

he has so far recovered as to be able to return to the Rand in a short time. Every 
Member of the Society will welcome him back to his old position. 

ELECTION OF COUNCIL 

The President-It only remains for us to proceed with the election of the Council. 
We want twelve Members, and I propose we appoint two additional scrutineers, as 
there are so many candidates. (A voice, "Appoint four more.") Very well, I 
propose Messrs McNaughtan, Burnett, Higham, and Betty. 

The scrutineers were appointed, and a ballot being taken the following Memher" 
were declared elected in the order given:-

Mr W. Cullen. 
T. L. Carter. 

" A. Whitby. 
W. C. C. Pakes. 
C. Dixon, 

" H. G. Bevingion. 

The proceedings then terminated. 

II 

Mr B. P. Cartel'. 
F. F. Alexander. 
F. Bradford. 
W. T. Anderson. 
R. E. Hall. 
D. ,). Williams. 

INTERIM REPORT OF THE COMMITTEE OF THE 
CHEMICAL, METALLURGICAL AND MINING SOCIETY 
OF SOUTH AFRICA UPON CYANIDE POISONING 

To the President and Mem bel's. 

Gentlemen,-Your Committee was appointed hy the Council to consider the 
manner in which the, dang'ers from Cyanide Poisoning could he eliminated or 
minimiserl, and to report upon the best remedial agents in cases of poisoning by 
cyanide. 

Your Committee's first duty was to find out the actual dangers from Cyanide 
Poisoning. To this end a circular was drafted and sent to all the Mine Managers, 
Cyanide Managers and leading Metallurgists in this Colony, and to all the foreign 
Members of the Society (in all 217 circulars), asking for information concerning the 
accidents and diseases which they haa seen which could be attributed to cyanide. 

Up to the present fifty-five replies have been received, and from a careful study 
of these replies your Committee has drawn the following conclusions :-

1. That cyaniding is, per se, a healthy one. . 
2. Considering the large amount of cyanide used on the mines the numher of fatal 

cases of Cyanide Poisoning is very small. 
3. The few fatal cases are to be attributed to carelessness on the part of the 

deceased, or to pure accident. In one case only was the accident to be attributed 
to the mine authorities. 

4. The most important disease attributable to cyanide is Cyanide Eczema. 
5. Many cases of .. gassing" occur among those who are working the zinc dissolving 

tanks, on account of the hydrocyanic acid gas and arseniuretted hydrogen given off. 

PREVENTIVE MEASURES 

Your Committee is convinced that very little in the way of expenditure will result 
in the prevention of practically all the evils attendant upon working with cyanide. 
The following is a categorical account of the evils and the suggested preventive 
measures :-

1. The danger of death from Cyanide Poisoning lies almost entirely in the cyanide 
testing rooms and assay offices. Familiarity breeds contempt or carelessness, and 
all the accidents which have been brought to the notice of your Committee have 
been caused by the imbihition of cyanide solution in mistake for water_ 

Your Committee is strongly of opinion that it is necessary that there shall be an 
adequate supply of wholesome drinking water provirled in each testing room and 
IIssay office, and that the supply shall b.., distinctly labelled "Drinking Water." 
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Cyanzde Poisoning 

Your Committee feels that if this is not done the Mine management can hardly be 
held blameless should an accident OCcur. 

Note.-This is only a regulation similar to that laid down in Section 30 of the 
Factory and Workshop Act (England) 1895, and is in no sense the introduction of a 
neW principle. 

2. Cyanide Eczema is confined entirely to those who Imve to hamUe the zinc 
shavings in the precipitation boxes. 

From the evidence that has been brought before your Committee, Cyanide Eczema 
is unknown on those mines where the cyanide solution is replaced by water previous 
to the zinc shavings heing handled, and your Committee therefore recommends that 
it should be the duty of the Cyanide Manager to see that the cyanide solution in 
the precipitation boxes is so replaced before the zinc shavings are handled. 

Your Committee is of opinion that this simple precaution will result in the dis
appearance of Cyanide Eczema from the mines. 

S. When the zinc shavings and gold precipitates which contain arsenic and cyanide 
compounds are brought into contact with sulphuric acid, hydrocyanic acid gas and 
arselliuretted hydrogen are evolved, the former always, and the latter frequently, in 
(Iangerolls quantities. Both these gases are very poisonous, and were it not that 
the majority of the extractor houses are lofty and well ventilated, the danger arising 
from the evolution of these gases would he serious. Notwithstanding the good 
ventilation, however, your Committee is of opinion that this is a source of real 
(langer, as is evidenced by the number of cases of" gassing" which occur. 

Y our Committee therefore recommends that these dissolving vats in whicJI the 
gold precipitates are treated should be hooded in some manner, in order that the 
gases may be carried into the open air. The accompanying diagram, kindly furnished 
hy Mr ,John R. Williams, illnstrates one design by which this may he done. 

It is also desirable that some form of mechanical agitation should be llsed in order 
to do away with the necessity of raising the hood for the purpose of stilTing thc 
contents of the vats. 

Although only remotely connected with Cyanide Poisoning, among the replies 
received mention was made of salivation produced by the calcining of gold precipi
tates from the 7.inc boxes. 'I'his salivation is, of course, clue to the inhalation of 
mercury vapours, and can be prevented by a proper construction of the caleination 
furnace, which ensures that the vapours shall be completely removed to thc outer air. 

ANDHEW F. CHOSSE, } 
Chairman, C 'tt 

Eo H. JOHNSON, omnn ee. 
J. YATES, 

III 

CONTInBUTIONS AND CORHESPONDENCE 

A N01'~~ ON GOLD PRECIPITATION BY ZINC DUS'1' 

By GEO. A. PACKARD (A~S()crA'l'E) 

REPLY TO DISCUSSION (I~EAD A1' AUGUST MEETING, 1902) 

It is with great pleasure that I received notice that the meeting's of this Society 
have been reRumed, and that I sec in the list of those present the names of liIany who 
have been prominent in past (liscussions. 

[ regret that conditions were such that it was not possible for me to reply before 
this to the questions that werc ll.'lked in the discussion of the" Note on Gold Pre
cipitation by Zinc Dust" read at your meeting in June 1899, and I beg to answer 
here such of the questions as are found in the Journal for July 1899, and to refer 
to articles containing a further description of the method. 

~!eplying to Mr Pead's first question as to how the zinc dust is obtained, I would 
say that it i, the ordin~ry po,,:der by-product obtained in. ziuc smelting, though j 
am not absolutely certam that It has not been somewhat refined. The first used was 
from zinc works in this country (U.S.A.), but was found to contain too much oxide 
being only about tiO per cent. Zn. This was replaced by the German product, con: 
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420 Precipitation of Gold by Zinc DU,lt 

taining abput 90 per cent. zinc. The present quotation on this is below $5 
per cwt. 

Replying to question 2 :-This amount is determined by experiment for each ore 
and probably depends quitc as much upon the amount of impurities in solution a~ 
upon the amount of gold and silver to be precipitated. As at most mills thc ores 
treatcd arc of fairly even value, no effort is made to determine the richness of the 
solution to be precipitated. At onc plant the manager reports that the rich ;olutions 
require but little more zinc dust than the poor ones. After a clean-up a considerable 
quantity of zinc dust is added to the first tank charge to be precipitatcd, amounting, 
at thc Mcrcur mill, already referred to in the original paper, to 30 lbs. to a 30-ton 
charge. On the second charge 20 lbs. are added, and 5 to 10 lbs. on each subscquent 
charge. The amount of zinc consumed is about 1~ lb8. per oz. of gold recovered. The 
wash waters and solutions at this mill formerly carried (1 am not familiar with present 
practicc there) from 1 to 4 dwts. per ton. As the solutions are drawn off 8 inches 
above the bottom of the tank, much of the dust remains for usc with the later 
charges, so that while the amount of zinc added after the first two or three charges 
is only about what has bcen found to be consumed pel' ton of solution, there is 
always an excess of zin.c pre,ent. corresponding practically to the shavings in the 
last compartment of a zmc box. 

Tn reply to thc question as to the quantity of dissolved zinc carried by the solution 
where this process is used, I regret that 1 am not now located where I can give figures 
on this point, but I have never known of any difficulty on account of an unusual 
quantity of zinc in the solutioris. 

I am sorry that Mr S. H. Pearce had difficulty in understanding the statements in 
the paper. I must thank Mr Stamp for correcting his erroneous impression as to 
my idea of cyanirle consumption in the zinc boxes by cal!ing his attention to the fact 
that r had referred to it as "infinitesimal." Mr Pearce's difficulty with regard to 
the statement that "much of the precipitate accumulates in the bottom of the 
tanks anfl is cleaned up without going to the filter presses," seems to have ariscn 
from a failure to grasp the possibilities rather ·than from a misunderstanding of a 
perfcctly straightforward statement-an unusual position for one who has taken part 
in rendering so many" unpractical" things practical, as have the metallurgists of 
South Africa. 'rhis 8 inches of space in the bottom of thc vats, below tbe discharge 
pipe, SCl'ves a very importan t purpose in decreasing the consumption of zinc and thc 
cost of handling precipitates. If the discharge pipe was placed at the bottolll of 
the tank all of thc rlust would be drawn off after each charge, necessitating the use 
of thc same amount of dust for each charge as is used for the first charge after a 
clean-up, that is, 1 lb. for each ton of solution. In the case of the Mercul' mill, sincc 
its cnlargcment to a capacity ()f 1000 tons per day, the amount of solution has risen 
in one day as high as 2500 tons precipitated, which wOllld mean, with thc dis
charge pipe lcvel with the bottom, the use of 2500 lbs. of dust in placc of onc-third of 
that alllollnt under existing conditions, when the dust is retained in thc bottom of thc 
tank and stirred up with the addition of each chargc, furnishing the excess of zinc 
which ensures rapid precipitation. Much of the co,t of handling is also saved by 
the prcsent method, since only onc-third of the precipitate goes through thc presscs. 
'rhc cost of filter pressing is not, however, so large as might be supposed, since the 
tanks are set at a level of 18 feet ahove the presses. furnishing ample pressure, so 
that power is rarely rcquired. 

The sizc of thc vats, as M.r Pearce suggests, is considerably larger than thc cubic 
contents of thc zinc boxes nccessary to handle the same tonnage. I should say at 
least .six times the contents. The three tanks mentioned as handling 2500 tons in 
one day havc a total capacity of nearly 3700 cubic feet. Possibly the cost wonld 
not hc much grcater than for the equivalent zinc boxes. 1 lu","c not the figures at 
hand. 

The experiments of 1I1r Caldecott are very interesting, anrl suggcst somc possi
bilities in thc way of clcaning-up by obtaining a concentrated solution carrying thc 
gold and leaving the zinc in condition for fnrther use, possibly evaporating, 01' othcr
wise handling thc solution. The fact that he used filiform zinc, of course, would 
afford lcss aren, and, T prcsume, the zinc was not so thoroughly mixed through the 
solution as is thc dust. What cffect the couple (copper-zinc) might have I cannot 
surmisc. Doubtless the ail' used W(l.S largely in excess of that used in precipitating 
with dust, which, in the case of the Mercur mill, is furnished through a dirigiblc 
~-inch pipe and under only 10 to 15 lbs. pressure. 

r suppose it would have been impossible for the enrichment noted in Mr Caldecott's 
cxperilllonts to havc come from a solution of furthcr gold values in the slimes 
which, r understand, were present, J should like to ask !I'll' Caldecott, if he can 
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Titraticm 0./ Iron 

remember at this time, if the values had all been dissolved frotn the slimes before 
the solutions were aerated, and also if it was evident, on inspection of the zinc, that 
thc gold precipitated previous to aeJ'ation bad been dissolved. No particular aid to 
the precipitation is claimed for the compressed air method of agitation, but it is 
convenicnt, and especially inexpensive if the mill be neal' a mine using air-drills. 
The acmtion of the solution is, of coursc, no disadvantagc for future work. 

The first difficulty referred to by Prof. Prister, I think, 1 have already covered. 
The second, the fact that the" action of the zinc will ceasc us soon as it has settled," 
is an advantage, since all of the gold having been precipitated, no further action is de
sircd, and any decomposing action on the cyanide sol,,~ion, howcver smail, is stopped. 

No claim is made that this method of precipitation offers any great advantages 
over zinc shavings in all eases. In a small plant .some disadvantagcs would be 
found in thc effort to make it a Pal·t of a continuous process. Jt is claimed, how
ever, that a morc complete precipitation can be ohtained, in less timc, with dilute 
solutions than with shavings. 1<'or' solutions carrying coppcr, and thcse are the 
ones to which the writer particularly referred in the original paper, the method 
possesses obvious advantages. In general-there is no cost for labour and machinery, 
in thc preparation of thc zinc dnst, as with shavings; it is more rapid; and the dust 
certainly gives greater area or surface, which means greater precipitation of gold 
per pound of zinc use!l, less cost of zinc per oz. of gold prccipitated, 01' pCI' ton of ore 
treated, and less eost for treating the clean-up, and fluxing. It has now been 
adopted by a number of the largest mills in the United States. 

In closing, I would say that since the original paper was wri tten a number 
of articles havc described this method of precipitation, among them one by D. C. 
Jackling, the former supcrintcndent of thc Mercur plant, in the ~[i",i"'!J ",,,I ,scientific 
Press (San I<'rancisco), for June 2, 1900, p. 609 ; and onc by n. L .• 1. W nrren, in the 
En.'lineel'in.'l ,w,d J.l1':",in.'l Jonn",l (Ncw York). for Decembcr 80, 18\)\), ». 787, 

Wakcfield, Mass., U.S,A., 
July 9, 1902. 

THI£ TITl{A'L'ION 01<' IRON 

By DR F. GAH:-IY 

(Journal /UI' December 1902) 

In thc following note 1 should like to draw the attention of my follow-chemists in 
this country to a simplc and very quick method of determining iron, which, I think, 
is not generally known, and is not to be found in any of the standard works on 
analysis. It was communicated to me by an assaycr who arrived hcre lately from 
Germany. 

Many of you, cspecially thosc who have to do many iron analyscs, know how long 
it takes to reduce the ferric salts by means of zinc. Therc is also amongst others a 
method of dircct titration by stannous chloride and estimation of the cxcess used of 
same with iodine. The great objection to this method is the quick decomposition of 
stannous chloride solution. Unless one preserves it in a bottlc to which the air can 
only gain access through a strongly alkaline solution of pyrogallic acid one has to 
titrate it every time before use. Then one has to carry out two titrations in this 
case, while with the new method, which is also based on the use of stannous chloride, 
one can do it with one titration. 

The principle is that one reduces the warm fcrric salt solution by adding stannous 
chloride solution drop by drop till the yellow colour is complctcly gonc. Then some 
mercuric chlorille solution is added in order to counteract the obnoxious effect of the 
excess of stannous chloride used. The calomel, as wcll as the stannic ehloride formed 
according to the equation 

2HgCI2 +SnCL2 =2HgCl +SnCI., 

does not interfere with thc following titration with permanganate (after addition of 
somc manganese sulphate). 

It is advisable to work with rather dilute solutions of stannous chloride and 
mercuric ch loride, and to use only a small cxcess of the former "in order to avoid the 
formation of quicksilver by the further action of chloride on calomel according to the 
equation 

2HgCl+SnCI2 =2Hg+SnCl •. 
When one dilutes then the solution to about one litre before the titration with per
manganate, one can see the al'pearance of the pink colour very distinctly, and the 
precipitate of calomel does not interfere at all. 
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422 Losses in CleaninJ( up 

I convinced myself that the method gives accurate result". It can cspecially be 
recommended on account of the saving of time; while it takes at least half an 
hour to red uce by zinc, one can determinc the iron by the new method in about five 
minutcs. 

SOME COMPARATIVE HESUL'l'S IN CONNEC'1'ION WITH '1'HE 
ASSAY OF CYANIDE SOLU'L'IONS 

By A. '1'. FIRTH (MEMBER) 

(Jol'l'1tal/u)' Jan"a"." 1903) 

About 1000 c.c. auric-cyanide solution, containing '25 pel' cent. }>otassium cyanide 
was prepared and portions treated as below :-

1. Ex}>. 100 C.c. 

2. Ex}>. 100 c.c. 

3. Exl'. 100 c. c. 

4. Exp. 100 c.e. 

5. Exp. 100 c. e. 

solution slightly acidified with hydrochloric acid, filtered through 
prepared silver filter paper, dl~ed, wrapped in sheet lead, anr! 
cupelled. Result '484 grs. fine gold. 
solution evaporated to dryness, fluxed in usual way and fused, lead 
bLitton detached and cu}>elled. Hesult '481 grs. fine gold. 
acidified with hydrochloric acid, and a brisk current of sulphuretted 
hydrogen gas passed through for five minutes, ftItered, dried, 
wrapped in sheet lead, and eupelled. Result '479 grs. fine gold. 
solution acidified with nitric aeid, excess of silver nitrate added, 
filtered, dried, fluxed and fused, and lead button eupelled. l{esult 
'484 grs. fine gold. 
cxeess copper chloride solution filtered, dried, wrnpped ill sheet lead, 
and cupelled. Result '487 grs. fine gold. 

Selati Assay Office, Leydsdorp, 
January 8, 190il. 

LOSSES IN CLEANING UP,' AND ~'IL'rEH PHESS COSTS 

By ALFRED J,UIES, M.l.M.M. (ASSOCIATE) 

In thc .10"1'1",1 of January 1903, you do mc the honour to publish a long extract 
from a papcr of mine on "Losses in Clcaning Up," and to also call attention to the 
same in an editorial comment. Seeing that the main portion of thc Jon-mal is also 
takcn up by an account of your President's on this same subject, in which he enlarges 
on the losses to which I referred, and, indeed, makes them in actual practice heavicr 
than 1 outlined, the editorial comment that the matter is now ancient history secms 
somewhat ungracious, as also uncalled for; otherwise, why have published the paper, 
or why dcvote so large a portion of the Joum"l to the discussion of these very 
10sses'l 

It is truc the matter is ancient history, for the paper-although you do not say 
so-was written and published by me so far back as 1897, and this should surely have 
beeH stated in publishing an extract therefrom. Extracts from the papcr werc 
published in the SO/ltl1A,ti·iw1tJ1Jin;i'l1.'1.1uu7'1",1 as far back as April 8,1899, together 
with It Ictter in which I suggested that the controlling houses should institutc a set 
of expCl~ments to put an end to this heavy loss, which I estimated at £50,000 for 
each 1 per cent. of loss. 

On Septe!Ilber 23, H,99, I publishcd in the samc .I01m",1 a letter, in which I hopcd 
that Thc Chemical and Metallurf,>'ical Society would rcnder a service to the wholc 
mining industry hy locating the losscs due to the various methods of treatment, and 
hy establishing a standard method showing thc least lo"s; mid it is excecdingly 
gratifying to me that this matter has now he en taken in hand so energetically by 
Members of your Society, with results which are keenly followed all over the world, 
wherever the cyanide process is in existencc. 

I think J am justified in assuming that, but for the incidence of the war, \\'e should 
have had Mr Tavener's most interesting and vahmhle paper by the end of 1899, or 
early in 190V, and, therefore, although my letters and the paper you publish may be 
termed ancient history, the fact that the discussion on them has only now taken 
place is evidently not due to any lack of interest by your Members in this most 
important question, but to the enforced suspension of investigations up till the 
recommeueement of cyaniding operations. 
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Obituary Notices 

As evidence of the world-wide interest attached to the proceedings of your Society, 
and the eagerness with which the information therein contained is followed up and 
put to practical purposc, [have already had accounts from West Australia, America, 
Dutch West Indies, India, Eastern Asia, and the Dutch East Indies, of experiments 
in hand with the Tavener process_ 

In connection with your recent discussion on the filter pressing process, I regret 
it was not possible for me to contribute, but I append thc most recent costs, in tho 
hope they may interest yoIII' Members :~ 

Filter 1',·e.,.'-;I1[/, including filling the presses and removing cakes, costs from 
Is_ lId. (Great Boulner Perseverance) to 2s. 9d_ (Great Boulder Proprietary) 
per ton. 

FateI' Cloth, ~d. per ton trcatcd (Hannan's Star and Ivanhoe). 
HOI'se-pUlca employed varies with the method of filling_ The usc of compressed air 

instead of dircct pumping is very wasteful, but the actual consumption of power 
hy this method for running a battery of ten full-size Dehnc presses is IilO 
h.p. (llreat Bouldcr Perseverance), or Icss than;\- h. p. per ton treated. 

In 'Vest Australia 1 h.p. costs from £40 to £55 per annum, and labour about lOs. 
a day. 

London, March 9, 1903. 

[We wish to remind Mr .Jamcs that our critiq Lle of his pal'er ml1kes no mention of 
that part of it dealing with losses in cle<Ln-up as heing "ancient history." 'rhc portion 
of his paper dealing with this suhjcct was given the notice due to its merits under 
"Notices and Abstracts."~A'd. Com.) 

IV 

®bttnarl] 1Rotices 
In addition to thc list of Members and Associates killed OJ] active service, published 

in the Annual Report (scc 1'- 37S), the following names arc added :~ 
Mr P. E. 'l'Rusco'r~' (Member), formerly Assayer to thc Durban Roodepoort G.M. 

Co., J"tti., who was killed while on special duty during the siege of Wepener_ 
Mr ~'. J. T. HUNT (Membcr), formerly of the Durban Roodepoort Deep, Ltd., 

'l'pr., LL.H. Killed in action at Elandslaagte. 
Mr C. '1'. GAltDNER (Associate), formerly of the Durban Hoodepoort Deep, Ltd., 

Tpr., 1_ L.H_ Killed in action at the relief of l'lIafeking. 
Mr 'l'URNElt DUNX (Associate). Died at Durban early this year of enteric fever.~ 

Journal for July 1902. 

'l'he death is recorded, with regret, of another Associate who laid down his life 
during the late ca.mpaign~Mr W. TEMPERLEY (formerly of the Princess Estate and 
G. M. Co.), a trooper in 'l'hornycroft's I'll. 1., who was killed at Spion Kop, January 
24, 1900. 

It is also regretted that the death is announced, after a short illness, of Mr E. H. 
MEss~m (of the Consolidated Gold Fields of South Africa, Ltd., Engineering Depart
ment). Mr Meilser, who was one of our first Ailsociates, was also an active member 
of the Mechanical En,,>ineers' Assooiation, and his loss will be greatly felt by that 
Society as well as ourselves.~Jo"l'nal for August 1902. 

Sir FltEDERICK A. ABEL, Bart., D.C.L., F.RS., President of the Society of 
Chemical Industry (I883-4), First Chairman of the London Section of the Society of 
Chemical Industry (1882-3). 

Frederick Augustus Abel, born in London on July 17, 182i, was the eldest son 
of J. L. Abel, of Woolwich, and grandson of A. C. A. Abel, Court miniature painter 
to the Duke of Meeklenburg-i:lchwerin. He sta.rted his scientific career at the 
age of 14, when he went to Hamburg to study under his uncie, A. '1'. Abel, a 
mineralogist and pupil of Berzelius. He joined the Royal 'Polytechnic in 1844, and 
was one of the twenty-six students who attended the first lectures of the Royal 
College of Chemistry under the direction of A. W. Hoffmann in 1845, being assistant 
to Hoffmann for five years out of the six of his stay at this College, and doing good 
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Obituary Notices 

research .work on the aniline derivatives. He succeeded Faraday as Professor of 
Chemistry at the Royal Military Academy in 1861, and was appointed Ordnance 
Chemist to the vVar Office three years afterwards, a position which he held thirty-four 
years. Naturally, his work is largcly connected with explosives, and his improve
ments in the manufacture of gun-cotton, the influence of the size of grain in regu
lating the explosive properties of black powder, and the discovery of "cordite" (in 
collaboration with Professor Dewar), gained for him the gold medal of the Royal 
Society. He led a very busy cxistence and filled many offices, being one of the 
English Commissioners at the Vienna Electrical Exhibition in 1883, a Warden of the 
Goldsmith's Company, Chairman of Execlltive Committee of the City and Guilds of 
London Institute for 'l'echnical I~dllcation, ·and Organising Secrctary and afterwards 
General Director of the I mpcrial Institute. He was elected ~'el\ow of the Royal 
Society in 1860, and was awarded their Royal medal in 1887. For his contributions 
to the chemistry of iron the lron and i:lteel Institute presented him with the 
Bessemer medal. He died suddenly on September 6th at his residence at Whitehall 
Court, and although twice married leaves no heir to the baronetcy.-Jo",.. Soc. CIU1111. 
Ind., September 30, 1902. [Jon1"n(lt for November 1902.J 

With great regret the following deaths during and since the war, which havc just 
come to our knowledge, arc rccorded :-

Membero-Mr P. J. DUl'ONT, General Manager of the Ohamp d'Or G.M. ('0 .. Ltd.; 
Mr GEORGE HmnEH, late Battery Manager, Princess Estate and G.lVl. Co., Ltd., 
died of pneumonia at Bterkstroom, O. C. 

Associate-Mr WILLIAM lIL\CGuEGOR, formerly of the City and Suburban G.lI'!:. 
Co., who was killed ncar Krngersdorp whilst serving with the Scottish Horse.
J01".n"t for December 1902. 

Sir WILL[A~I OHANDLBR ROBERTS-AuSTEX, K.O.B., D.O.L., ~'. R.S., etc. Horn 
1843, died N ovem bel' 22, 1902. 

The life-work of Professor Roberts-Austen, whose death we regret to ha.ve to 
record, is well known and appreciated oy scientists. He entered the Hoyal School 
of Mines, London, at the age of 18, and on graduating received an appointment in 
the Royal Mint, under Professor Graham. In 1869, on the death of the latter, he 
was appointed Assayer, and in 1882 Assay Master of the Mint. Hc succecded Dr 
Percy as Professor of Metallurgy at the Royal School of Mines in 1880. He began 
early the study of alloys, upon which his reputa.tion so largely rests; and the reports 
of the Alloys Research Committee of the Institution of Mechanical Engineers owe 
much of their value to his influencc. Profes"or Roberts-Allsten rcndcred service on 
mauy Government committees, and his work obtained for him the highest honours 
his profession could pay. He was made O.B. in 1890, K.C.B. in 1899, and elected 
Fellow of the Royal Society as early as 1875, a D.C.L. of Durhalll in 1897, and a 
D.Sc. of Victoria University, Manchestcr. He was President of the [ron anrl Steel 
Institute between 1899 and 1901, and was a Vice-President of the Chemical i:lociety, 
and of the Society of Arts. Amongst his published works" The Introduction to the 
Study of Metallurgy" and" Alloys" arc wel\·known books of reference, and take a 
high place in the valuable series of metallurgical works by various authors, edited 
by him.-Jo!lrn"t for February 190~. 

v 
NOTICES AND ABSTl~ACTS OF ARTICLES AND PAPERS 

(a) SCIENTIFIC AND GENERAL 

ACTINIU~[, POLOXIUM, AND RADIuM.-The peculiar property of these clements of 
emitting what are known as Becquerel rays, and acting on certain substances so as 
to render them fluorescent, is opposed to all accepted mechanical theories, physical 
and chemical, for they appear to be spontaneous p"oduce1"s of light and electricity, in 
a word, of energy. 

In 1896 lVI. H. Becquerel first notieeci these special raciiations in some uraniulll 
salts, but the three elements, actinium, poloninm, and radium, emit the rays in 
quantity approximately 100,000 times greater than· uranium, and it secms that 
uranium owes its property only to the presence of traces of actinium. 
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Notices and Abstracts 

These rays are not rcflected, nor refracted, nor polarised, which is contrary to the 
existing conception of all vibratory movements. 

The dust of the mdio-activc budics induces radio·activity in the zinc, tin, aluminium, 
brass, lead, paper, and all the laboratory objects. 

No electric measuring of precision can be done in their presence, the insulators 
becoming good conductors. 

Radium is spontaneously luminous, and the light appears to radiate from the 
entire mass and not merely from the surface, and appears to be continuous. 

Radiferous salts convert oxygen into ozone, and in general act as powerful oxidants 
or exciters of oxidation. 

To reconcile all the phenomcna which arise from the peculiarity of the substances 
named different hypothesis have been applied. 

l'iI. G. lc Bon holds that the energy proceeds from very mobile cbemieal reactions, 
which may take place successively a great number of times in a very short period 
under the influence of simple causes, such as slight variations of temperature. '1'his 
explanation is, perhaps, premature, for the knowledge of these bodies is very limited 
and nothing yet supports the theory. Is the course of this energy external? It 
may be supposcd that space and material bodies are penetrated with rays of a 
nature yet unknown anrl capahle of reacting on radio-active substances, so as to 
produce a secondary emission, ll)anifesting itself in the observed phenomena. On 
the other hand, it is difficult to imagine electric conductibility in the absence of 
every material particle; and; as these rays are conductors, it may be supposed that 
there is an ultimate form of very attenuated matter, which these radio·aetive bodies 
may be able to emit indefinitely without losing noticeably from their mass. However 
it may be, the spontaneity of the radiation remains an enigma, a subject of profound 
astonishment. l'here is ground for believing that tbe discovery of these bodies 
marks a new ,tage in the grand history of science, and that it snpports the hypothesis 
of the unity of matter, which has commanded the attention of pnilosophers for ~500 
years. It is a new step towarrls the light, and a glimpse may be caught of the 
moment when the darkness which still envelops so many vast and difficult questions 
shall he entirely dissipated. Science is yet in its crudest manifestations, and our 
minds arc scarcely trained'to grasp the fundamental phenomena which incessant 
researches arc g-radually unveiling.-.I01"·. Fi'ltJ/./din 1n8t., February 1903, p. 147. 

ALCOHOL Il'o' QUILmAl'o'H (Portuguese East Africa). - The distillation of alcohol 
frolll sugar cane was first tried by the Companhia do Boror in 1901, buildings having 
been erect cd and machinery purchascd from Germany in 1900. '1'he alcohol pro· 
rluced was sent to Lourcn~o Marques, and was sold at too Iowa price to provo 
remunerative on account of tbe heavy excise duty levied in Portuguese East 
Africa. 

The native demand in tho '1'ransvaal was reckoned on to recoup the outlay. As 
the war preventcd the entrance of the alcohol into the Transvaal, and the annexation 
will doubtless pel1nanently stop its sale to the native population; thi.~ anticipated 
market is lost; for this and other reasons the venture will have to be given up.
Forei!!n Ujjicc Am",nl Series, No. 2880. .10",.. Soc. Chem. Ind., September 30, 1902. 

COHHOSJON OF THB STHHL FIlAMES O~' BUILDINGS.-An investigation of the best 
means of preventing cOl'l'osion of the steel used in the framework of modern buildingo. 
There can he no question, the author says, that moisture and carbon dioxide are tho 
active agents in causing the rusting of the steel. It has been held that the formation 
of a coat of rust upon the surface was the beginning of a progressive action whereby 
the iron oxide acted as a carrier of oxygen to the steel beneath. It is extremely 
probable that in a comparatively dry place this action is exceedingly slow. Experi
ments made showcrl that neat Portland cement even in thin layers applied to clean 
surfaces was effective in preventing rusting. Cinder concrete from the presence of 
iron oxide is not so effective. Paints do not compare favourably with cement as a 
protection.-Charles L. Norton, Technolo.g!! Quarterly, December 1902. 

DEPOSITS OF HYDHOBORATE OF Lum: ITS EXPLOITATlOl'o' AND RE~'INA1'1OJ<.-A 
comprehensive article dealing gencrally with the geography and methods of recovery 
of the various deposits of boric acid, but with special reference to the South American 
mines. Analyses arc quoted of borate of lime minerals from the National Territory 
of the Andes, Peru, and Bolivia. 'L'he annllal production of snbstances containing 
boric acid for 1898 io given, and various modes of recovering boric acid are briefly 
reviewed, and a list is given of the different minerals containing boric acid with 
percentages usually found. The paper closes with some theoretical considerations 
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bearing on its origin ann formation.-Carlos A. ,",ynes Hoskold, Trans. 11'.,1,. En.'}., 
vol. xxiii., part 4, p. 456. 

GOLD IN METEOIU1'ES.-An interesting exhibit was mane by Professor Liversidge 
M.A., LL.D., ~'. It.S., Dean of the Faculty of Science at the Sydney University' 
at a recent meeting of the Royal Society of New South Wales, when he showed 
under the microscope particles of a malleable yellow metal, insoluble in nitric acid 
which have all the appearance of gold, obtained from certain Australian and 
European meteorites (siderolites). The presence of gold in meteorites bears npon 
the presence of gold in "meteoric" dusts, aml it is also of great interest in con
nection with the presence of gold upon the earth and in sea water, inasmuch as 
meteorites and the dust of meteorites are constantly falling upon the earth, to the 
'extent of probably many millioli tons a year. Further information upon the 
question of the presence of gold in meteorites will be given shortly by Professor 
Liversidge in tl -paper to be read before the Society. In a paper on "Meteoric 
Dusts of New South Wales," the professor said the term meteoric dust was used 
because it was commonly .applied to the materials forming the subject of the paper' 
it was not intended to state that the dusts were necessarily cosmic or extra~ 
terrestrial region. The specimens of dust described and exhibited were from 
Moruya, LTralla. Broken Hill, Menindie, Pambula, and from the roof of the 
Observatory at Sydney, and were collected at various periods since 1880. All the 
dusts were of a reddish colour except those from the University and Observatory, 
which were grey. The red dusts were mainly siliceous and argillaceuus, and looked 
as if they had come from dried up water-holes. They cont.aincd a variety of 
organic and mineral matters such as might be expected from such a source, and in 
addition magnetite and metallic iron. The latter contained cobalt and nickel,' 
which seemed to indicate that the dust contained some cosmic or extra-terrestrial 
materials, part of which may have settled down and become mingled with the un
doubted superficial terrestrial depusits, and part may have been derived directly 
from the atmosphere. 'rhe University and Observatory dusts also yielden magnetitc 
and metallic iron containing cobalt and nickel, and the University dust yielded 
particles of gold. The Moruya, Menindie, and Barrier red dusts yielded particles of 
gold; the others had not yet been examined.-Tlw A"stmli"" ill-in-ing S/andao'd, 
October 9, 1902. 

GRAPHITE.-As a preventive of boiler scale R. O. Kohl writes to the Engineerin.'} 
and M-i",:ng JOIIl'nnl extolling the virtues of grapbite, not only as a preventive but 
as a remover of scale. Having used water taken from the mine slightly discoloured 
by graphite, the suftening of the scale was accidentally discovered.-En.'}. and .M-in. 
Jom·., May 2,1903, p. 677. (A. W.) 

ORE IN SIGHT.-The Institution of Mining and Metallurgy havcissued the fulluwing 
circular on this subject :-

"'rhe Council of the Institution of Mining and Metallurgy recognising the great 
importance, to the Mining lndustr,v and to tbe public generally, of the subject dealt 
with in the Pape?' on 'Ore in Sight,' by Mr J. D. Kendall (Tmnsa,tions, vol. x.), 
appointed a Committee to consider what steps the Institution might usefully take in 
defining the term ' Ore in Sight.' 

"The views expressed by leading members of the Profession showed a great 
divergenee of opinion as to the definition of the term. 

"After due consideration and discussion the Council came to the following 
decision ;-

" 1. 'l'hat members of the Institution should not make use of the term 'Ore in 
Sight' in their Reports, without indicating, in the must explicit manner, the 
data. upon which the estimate is based: and that it is most desirablc that 
estimates should be illustrated by drawings. 

"~. That as the term ' Ore in Sight' is frequently used to indicate two separate 
factors in an estimate, namely:-

(<<) Ore blocked out-that is, Ore exposed on at least three sides within 
reasonable distance of each other-and 

(b) Ore which may be reasonably assumed to exist, though not actually' blocked 
out.' 

These two factors should in all cases be kept distinct, as (a) is governed by 
fixed rules, whilst (b) is dependent upon individual judgment ann local 
experience. 
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"3. That in making use of the term' Ore in Sight,' an Engineer should demonstrate 
that the Ore so denominated is capable of being profitably extracted under 
the working conditions obtaining in the district. . 

"4. That the members of the Institution be urged to protect the best interests of 
the Profession by using their influence in every way possible to prevent and 
disconrage the nse of the term 'Ore in Sight' except us defined abovc; and 
the Council also strongly advise that no ambiguity 01' mystery in this connec
tion should be tolerated, as they (the Council) consider that such ambiguity is 
an indication of dishonesty or incompetency." 

SE1'TLI~G 01' MANGA~ESE MUD.-Fonr hundred' gallons of manganese mud at 
1700 F., suspended in ehloride of calcium solution of 24°'r", (i.e. S.g. = 1'12) were 
placed simultaneously in five vessels, two feet, three feet, four feet, five feet, and six 
feet diameter rGspecLively, and the amount of settling noticed. '1'hc figures in the 
table show the amount of clear liquor in gallons yielded by eaeh in the given times 
recorded in the first colmlln. 'l'he same liquid placed in a tall litre jar in thc 
laboratory, yielded in twenty-four hours 500 c.c. of ciear solution. 

SHOWING TH~; SETTLING IN VESSELS OP VARY1~G D1l>!ENSIONS 

Diameter of, Vessel 
:2 ft. 3 ft. 4·ft. 5 ft. 6 ft. 
ft. ft. ft. ft. ft. 

Depth of liquor 20 9 5 3'3 2'2 

III fifteen minutes 47 59 73 61 64 
In thirty minutes 71 76 96 77 84 
In forty-five minutes 96 95 115 102 104-
One hour 129 105 132 128 136 
One hour fifteen minutes l40 112 144 144 152 
One hour thirty minutes 140 120 160 153 168 
One hour forty-five minutes 
Two hours . 
'rwo hours fifteen minutes . 
'rwo hours forty-five minutcs 
Threc hours fifteen minutes 
Three hours forty-five minutes 
~'our hours fifteen minutes 
Six hours 
Seven hours 
Eight hours 
Nine hours 
'ren hours , 
Twelve hours 

128 
132 
136 
148 
156 
160 
lOr. 
lSI 
186 
189 
194 
200 
200 

162 164- 172 
168 169 176 
174 180 184 
185 184 184 
192 189 
194 189 
196 
~OO 
200 

-Extract from "A Hand-Book of Chemical Engiueering," by GeOl'ge E. Davis. 
(Vol. ii. p. 162,) 

SClENCE TEACHI~G.-During the Sydney University .Jubilee celebrations Pl'ofessor 
David, in the course of an excellent address, emphasised the value of the science 
teaching imparted. He said: "In spite of the disabilities under which sciencc 
teaching at our University has laboured the record of the work (lone is one of which 
we need not be ashamed. Numerically, by far the strongest portion of students in 
the Faculty of Science are the mining engineers. 'l'hese men bring the teachings 
of pure and applied science to bear upon the mineral resources of this State, and 
so form a strong link between the University science teaching and the country's 
industries. How vast that mineral wealth is has been lately well shown by Mr E. 
~'. Pittman in his 'Mineral Resources of New South Wales.' Of minerals other 
than coal, it is impossible to even guess at the quantity or value of the supplies 
available for the future. Our coal supply, ho"ever, does admit of a fairly ap
proximate estimate of the vastness of its exteut. 1 estimated it some years ago at 
about 100,000 million tons, which at the low estimate of 5 •. a ton represents a gross 
value obviously of 25,000 million pounds; truly a noble heritage. The rapid ex
haustion of the supplies of coal in the old country must inevitably mean a decline 
in her manufactures. Already she has been greatly outstripped in the produetion 
of iron by America. a.nd Germany, whereas only so recently as 1870 it was shown by 
the author of 'Our Imperial Heritage,' in a recent magar,ine, her output of iron was 
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more than equal to that of America and Germany combineci. It is not pieasing to 
conten:'plate this relative shrinkage in British production. 'fhere are two cheap 
remedIes :-(1) We must work harder. and work better; and (2) Illore attention 
mnst be paid'to the development of the British Empire beyond the seas; and om 
science graduates arc the best equipped men to accomplish this work.- The 
Australian Mining St"nda,.d, October 9, 1902. 

STOKESITE: A NEW 'fIN ORE pnO~I CORNWALL,-The specimen, which appears to 
be a unique occurrence so far, was collected at R')secommon Cliff, St Just, and 
formed part of the Carne Collection in the Cambridg'e Mineralogical Museum. 

It is a colourless, transparent, bipyramidal crystal, abont 4 inches long, and so 
closely resembles gypsum that it was catalogued as snch . 

.It is brittle, breaks with a conchoicial fracture, is of a hardness 6 and s1'. gr. 3'185, 
and gives a white streak. It consists of 43 per cent. Si02, 33'3 per cent. SnO .. 
13'45 pel' cent. CaO, traces of iron and soda, and 8'6 perccnt. water. ., 

The chemical formula may be written as :-

CaO, Sn02, 3Si02, 2H"0. 

It is named" Stokesite," in honour of Sir G. G. Stokes.-Abstract I'mn". },tS(. 

1I1';n. Engineers, vol. xxi., part 5, p. 590. 

SUBLIMATION OP 1'HE SUN'S HAYS: ORIENTATING INFLUlmc~: O~' LIGHT.-When 
sublimable substances arc caused to sublime by exposure to the snn in a desiccator, 
it is found that the rays of the sun have an orientating influence on the formation of 
the deposit. The sublimate is received on those parts of the walls of the vessel 
which receive the strongest illumination, although these parts cio not represent the 
cooled surface of the vessel. In absence of sunlight suhlimation follows the ordinary 
laws of distillation and condensation, and the deposit forms on the coolest surface. 

The above observation can only be explained by the assumption of an attractive 
force exerted by the sun on the vaporised molecule, and the existence of a kind of 
heliotropism in the crystal world. 

Benzoic acid, iodine, naphthalene, and camphor were tried, crystals beginning to 
form on the upper side exposed to the sun in twenty minutes, and the sublimate can 
be made to move by changing the position of the vessel. rodine, although conform
ing to this rnle, showed an abnormal tendency as the SU!llmer advanced and the sun's 
rays became more intense, to form crystals rather more than half-way down the side 
of the vessel.-P. N. Raikow, Chem.-Zeits., 1902, 26 [86], 1030, Abstract Jour, Soc, 
Chern. ind., November 29,1902. 

SYNTHESIS OF VARIOUS PETROLEUMS: THEORY OF THE FORMATION OF NA'rUllAL 
l'ETRoLEUMs.-The actions of reduced nickel on a mixture of acetylene and hydrogen 
at a temperature not exceeding 200° yields a highly finoreseent mixture of 
hydrocarbons which is only slightly attacked by" mixture of nitric and sulphuric 
acids and has the general physical properties of American petroleum. If acetylcne 
alone is allowed to act on nickel heated at about 200°, products are formed in 
the cooler part of the column which condense to a greon liquid containing benzine 
and its homologues and some styrene, together with 1'araffins and cyclohexanes, 
and resembling', therefore, Caucasian petroleum. l'he authors suggest that in the 
interior of the earth alkali and alkali-earth metals are produced, together with their 
carbides, 'fhe action of water on these substances respectively produce hydrogen 
and acet.ylene, and these, in contact with finely divided nickel, cobalt, iron, etc., 
produce hydrocarbons in a manner similar to that described,-Paul Sabatier and 
Jean Senderens, C01llP' Rend"", 1802, 134, 1185-8. Abstract JOUI'. Chem. Soc" 
Septem bel' 1902. 

THE JOURNAL 01>' 'rBE INSTITUTE 0]0' IHrNING ENGINEEllS OF PEHU.-We are glad 
to welcome this jOllrnal, of which the first numbers have just reached us, l'his 
Institute has its origin in a revision of the Gold Law, which makes provision for the 
application of certain funds accruing from mining revenue for the establishment of 
a School of Mines and for the support of such a body as the above. The objects of 
the J nstitute are set forth at some length in the first number of the journal, and 
practically amount to a state-aided survey of the unexplored districts of the 
country, together with the establishment of a Museum and Library, 

The coustitution of the body controlling the work, as well as the work itself, is 
subject to the approval of the Government in the person of the Minister of 
AgriCUlture, 
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It is interesting to note that immediately after formal approval by the Govern
ment of the officials of the Institute was obtained, a grant of money was made for 
three separate expeditions to explore and map certain known cuprlferous districts. 
The grants were made monthly, so that the work done could he carried out without 
being hampered by visions of a limit to the estimate. 

The second number of this journal comprises an important review by Mr A. 
Garland of the petroleum industry in the country in the year 1901. 

Out of a total of 269 rights to work petroleum, 213 are being actively exploited, 
and of these more than half being- worked by foreign companies, viz. French, 
English, and American. A" right" is 40,000 square metres or approximately 10 
acres. It is interesting to note that the deposits are littoral, and form an important 
feature in the new province of 'fumbes, acquired from Chili. 

'fhe product.ion for the year amounts to 11,272,400 gallons of crude product, of 
which nearly 29 per cent. was refined to produce 16 per cent. kerosene, 20 per cent. 
benzine, and 61 per cent. of combustible residue, with a small percentage presumably 
for waste, evaporation, etc. Allowing also for 20 per cent. evaporation in the 
remaining crude oil, a marketable product of 85 per cent. of the total produc· 
tion is obtained, which sells at two price', 4 cents and 30 cents pCI' g-allon 
respectively. 

The number of employees engaged in this industry was about 500. Skilled work
men receiving' wages from three to five solas-Peruvian nollar-a day, to the 
native's wage of 50 to 60 cents. About 6,000,000 dollars are invested in the 
industry. 

The London Pacific Petroleum Co., Ltd., is the larg-est cmployer of labour, and has 
the largest equipment. Two 2000-ton capacity tanks represent a portion of their 
storaoe plant for local purposes, such as railways and saltpetre works. The amount 
of exported products of kerosene and benzine has been small in the past. Schools 
are maintained for the children of the employees, free of charge to recipients of 
education, which eKtends into technical branches of the industry. 

Looking to the future, Mr Garland is of opinion that the zone of petruleum country 
will be found to extend right under the sea, northwards to the opposite promentaries 
of Ecuador where, in fact, it is known to exist. He considers the petroleum-laden 
soil to be hut a filtration or seg-regation from deep.seated deposits, and he pictures 
a future which will rival the present workings of the south coast of California, where 
several plants are already in operation to tap the deposits lying below the level of 
the sea.-Extracts from Rolelin del Cuer!,o de Inpenie1'os de 11finas del Peru, Nos. 1 
and 2. (A. E. P.) 

THE TELLUHTDE O~' COPPER.-A description of a new mineral which has been called 
" Rickardite" after its discoverer, T. A. Rickard, of New York, no mineral telluride 
of copper having- previously been described. 

It occms at Vulcan, Colorado, associated in the pyrites with native tellurium, 
pelzite, berthierite, and a greenish brown micaceous body, probably roscoelite. 
Native sulphur was also found associated. Rickardite itself occurs in small lense. 
shaped masses, generally intimate with tellurium. Analysis showed a formula of 
C~Te.2Cu'l'e, and it may be therefore regarded as a compound of one molecule of 
cuprous telluride and two of cupric telluride. 

Rickardite has an unusual and beautiful pmple colour which rivals in intensity the 
deepest of chalcopyrite or bornite, being apparent on fresh fractures and in the 
powder .. It is massive with an irregular fracture. Hardness 3'5, and specific gravity 
7·54.-Abstract Eng. and Min . ./011?", January 17,190:3, from Amer . ./0"1". of Science, 
vol. xv., January 1903. 

(b) GENERAL CHEMISTRY 

ACTION OF SELENIC ACID ON GOLD.-The· author confirms the statement of 
Mitscherlich that selenic acid dissolves gold, using for that purpose the product of 
the decomposition of lead selenate by hydrogen sulphide. The dilute selenic acid 
being' concentrated by evaporation on a water bath, the hot concentrated acid dis
solves gold readily at a temperature of 3000 C., with evolution of selenium dioxide 
forming auric selenate AUz(Se04h. This body is soluble in hot concentrated selenic 
acid, sulphuric and nitric acid; hydrochloric acid forms auric chloride and selenious 
acid. It is decomposed by heat below redness, metallic gold being obtained.
Victor Lenher, Jou,·. Am,,'. Chern. Soc., April ]902. 
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AMMONIUM VANADlCOI'HOSI'HO-TUNGSTATE.-In this paper the impurities OCcur
ring in tungstic acid del~ved from wolframite ar8 examined, and the authors con. 
firm Taylor's expcriments demonstrating the existence of a white compound of 
iron, manganese, and tungsten which remains in the residue obtaincd after digesting 
tungstic trioxide obtained from this source with a 2 per cent. carbonate of soda 
solution. From the mother liquorr;, resulting from the crystallisation of the am
monium paratnngstate obtained by digesting wolframite (from South Dakota) with 
aqua regia and solution of the h~'drated tungstic acid, they succeeded in isolatin" 
the substance forming the title of this paper, to which they "ivc the followin;; 
formula: (N H.bOV203P205 \VO,,+ H20. 'l.'hey afterwards pr~pared the sam~ 
substance synthetically by boiling vanadium trioxide with ammonium phosphate 
and tungstate, separating it in 'olack octohedral crystals. They fnrther announce 
the preparation of thirteen similar complex compounds, and predicate the existence 
of other substitution forms containing molybdic acid in placc of tungstic acid 
columbic and tantalic in place of vanadie arsenic and phosphoric oxides.-Edgar F< 
Smith and Franz .F. Exner, ./0"". A,ner. elie"". Soc., ,Tune 1902, p. f>73. 

CALORIFIC POWEll. OF COALs.--The calorific power calculated from the result of 
analysis by any of the formulffi suggested by Dulong, SchellI'er-Kestncr, Cornu, Ser. 
Umelin, and others, often differs considerably from the value ohtained hyexperiment 
in the Mahler bomb or other calorimeter. 

From c:tlorific determinfi tions of some 600 coals of different kinds the author ha, 
Ileduced a formula the result of calculating by which agrees within 1 per cent. in 
nearly all eases" ith those of experiment. 

'l'he fixed carbon (c), volatile matters (v), ash, and moisture are determined; the 
calorific value is there given by the formula P=82C+",V, where" i, a coefficient, 
which is a function of V', the percentage of volatile mattcrs in the coal taken as free 

from ash and moisture ,0 (that V' = b2t.~). The valnes of (/, corrcsponding to 

llitferent values of V' are plotted in a curve which differs but little from a straight 
line. When V'=O, 10, Iii, 20, 25, 30, 35, 40 per cent. a=14;" 130, 117, 109, 103,98, 
94, and 80 respcctively. 

Tn the ca.Be of anthracites, ,,=100. The average value of the calorific power of 
anthracite is 8250 cal., and it rises with the content of volatilc matter to a maximum 
of about 8700 cal. when V is hetween 10 and 30 per cent., falling again as the per
centage of volatile matter increases further.-l\f. Goutal, Camp. Rend'us, 131. [12], 
477. Abstract .TOlli', Soc. Chem. hd., October 31, 1902, 

CLEAHING Of' 'fulwlJ) SOLUTJONs.-1'he author's results are summarised as follows: 
Water containing in sllspension gum mastic, gamboge, shellac, oleic acid, and 
similar substance", is cleared by the addition of very small quantities of an acid or 
salt solution. In thc process the particles unite to form flocks, anti scttle at the 
bottom or on the sides of the containing vessel. 'l'he flocks consist of drops and 
bubbles of the suhstance in the li'luid or solid state, and usually enclose llIore or less 
ail'. The formation of flocks and the final clearing of the solution are due to 
periodic distribution of small quantities of the clarifying liquid on the swince of 
the slIspenrling particles; this produces eddies in the surrounding flui,l and drives 
the particles against each other and against the walls of the containing vessel. Hoth 
electrolytes and non-electrolytes may act fiS clarifying ".gents. The relative 
velocities of clarification induced by different agents alter with the 'luantity and 
naturc of the suspended substance. The flocks covered with a layer of clarifying
liquid must be nearly isoelectric with the surrounding fluid, and therefore cannot be 
dectrically displacer! (compare Hardy, PTOC. Roy. Soc., 1900, 66, lll), The flocb 
may be rlepo,iteu on either the light or the dark side of a vessel, according to the 
distribution of the clarifying liquid. The silverising of glass by chemicallllethods 
is a particular case of the clarification of a turbid solution.-Georg Quincke, Am/. 
Ph!!s., 1902 [iv.], 7, 5i-96. J. C. P., .Tour. Cliem. &c., April 1902. 

CONTI\IBUTIONS TO THE CHEMISTRY OF RARE EARTHS OF THE YTTHlUM GROUP.
A historical sketch is given of the progress of research in the separation of the 
metals associated with yttrium, beginning with the discovery of yttria by Ekeberg 
about 1800, and ending with Crookes' researches on victorium in 1899. In the 
experimental portion of the paper the authors investigate the different methods of 
fractional separation, and summarise their result. They recommend the neutral 
potassic chromate method,'as also the separation by ammonium carbonate, and acetic 
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acid. The hydroxides are dissolved in a saturated solution of ammonium carbonate, 
and fractionally precipitated by acetic acid. Erbium and terbium concentrate in 
first fractional, while ytterbium is last to be precipitated.-L. M. Dennis and 
Benton Dules, .Tow'. A ?ner. Ghem. Soc., May 1902. 

ELECTIW)!OTl\'E }'OHCE OF METALS IN SOLUTIONS OF CYANIDE.-A careful series 
of experiments have nilW been made with different metals at different degree. of 
concentration of cyanide in the solution. The most probable values representing the 
E.l'II. F. of certain metals immersed in the solutions indicated are as follows :--

Concentration of KeN. Zn. 
I 

Cu. Au. I Ag. Pb. Hg. Ft', 

-------- ---- ---- -------- --_. 
Per Cent. 

M=1O'= 6'5 +0'945 +0'~30 +0'420 +0'340 +0'200 +0'i50 -0'130 
M=10-1= 0'65 +0'870 +0'680 +0'265 +0'195 +0'160 +0'050 -0'090 
M=10-"= 0'065 +0'771; +0'430 +0'090 +0'055 +0'1l0 +0'040 -0'120 
"'1=10-"= 0'0065 +0'415 -0'050 -0'340 -0'310 +0'070 -0'190 -0'130 
1\1=10-4 = 0.00065 +0'385 -0'250 -0450 -0'420 +0'050 - 0'590 -0'140 
M=10-"= 0'000065 '+0'355 - 0'270 - 0'565 -0'460 +0'040 - 0'600 -0'150 
M=10-6 = 0'0000065 +0'330 - 0'280 -0'620 -0'495 +0'040 -0'635 -0'160 
Distilled Water 0'0 +0'28U -0·320 -0'720 - 0'f170 +0'040 -0'640 -0'200 

Ourves plotted from thcse (taking- the logarithm of the' molecular concentration 
expressed in the powers of 10, and the E.M.F. in volts as co.ordinates) show in most 
cases critical points at concentrations of 0 '065 or 0'0065 per cent., which may be 
explained by assuming the dissociation of the complex ion containing the metal in 
question to be complete helow this point. It will be noted that the sequence of the 
metals varies at different conccntrations. The solubility of gold in cyanide is readily 
explained hy the ionic theory. C;old cannot at any concentration displace, without 
external aid, positive ions such as K or H: bnt by applying an external E.M.F. 
the gold may be convertcd into ious and so dissolved. 'rhus gold merely immersed 
in pure air· free cyanide docs not dissolve. But when air is introduced, the oxygen 
contained in it tends to assnme the ionic state, combining with water to form 
negatively eleclritied hydroxyl ions; and the introduction of these ions affords the 
necessary added E. M.}'. to cause the gold to dissolve electrolytically. 

'1'he author concludes from his experiments tl,lat the modem theory of electrolysis 
explains, and stands alonc in explaining, the peculiarities of cyanide solutions as 
compared with other solutions, and that it satisfactorily accounts for the reactions 
occurring when golll, silver, and other metals are dissolved in and precipitated from 
cyanide solutions. 

He also comiders that the determination of the E.M.F. of the metals in eyanido 
solutions, under different conditions, offers a means of research that is likely to be 
of great practical utility in ,Ictcrmining the direction and intensity of chemical 
reactions under fixed conciitions, or in following them under changing conditions, 
just as they occur. The differences of E.M.F. 's of metals in dilute cyanide solutions 
do not give much support to the so·called "selective affinity of dilute cyanide 
solutions for gold," copper being the only common metal showing any indication of 
such favourable action. .Furthcr, it is f,robable that in the absence of external 
KM.1i'.'s, an aerated cyanide solution less tJ:!an !\i/10,000 (or 0'00065 per cent. of 
KON), and for all practical purposes such a solntion with less than 0'01 per cent. is 
without action on metallic gold.-S. B. Christy, Ame,.. ehe", . .T01"'., 1902, 27 [5], 
354·420. 

FERROCYANJDE OF ZINc.-'l'his paper is an attempt to solve the somewhat vexed 
question of the composition of the ferrocyanides of zinc. The authors use zinc 
sulphate anti potassium ferrocyanide in solution. Where zinc is in excess 100 
grammes are added to 50 grammes of ferrocyanide, reversing the quantities when the 
ferrocyanide is in cxcess. The following table shows re.nlts obtained :-
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Co dtt"o s I Description of I Ratio I COTl'csponding I Theoreti'·.) I R 
____ n_~ __ ~ecipit~~ I deter~ined'l~rmUla~I~~: __ emn'kS. 

Fe [( Zn I Fe K Zn' -----
I. Neutralsolution,zine White, gelatinous [I ... 1'51 K,Zn,2Fe(CN), 1 I 1'50 Two weeks after 

in excess granular on J.tl'ecipitation. 
washing 

2. Same I O'SI 1'9.5 K,Zn,5Fe(CN), O'S I 60 ~(ter standing. 
Neutral :-.olution, fer- White, curdy, I 1':)5 K,Zn,3Fe(CN), I'~~ I ';)~ ~ rt'sh precipitme ... ... 

roc},anide in ex('ess "ttled by mag-
nesium chloride 

4, Same. 149 K,Zn,2Fe(CN), 1'50 After standing. 
5. Same. )'02 )'51 After five ~ays' 

6. Hydrochloric achl mui1ih white,curdy 1'50 
heating. 

solution, zinc in 
excess 

7. Same with ferl'O- Pure white, curdy: 1 ['40 K,Zn,.5Fe(CN), 1'2 1'40 
cyanide ill exces~ 

White flocculent, i I 8. AcetIc acid solution, l'ul K,Zn,,2Fe(CN), 1'50 
zinc in exce!s gra.n ulur OIl I 

washing 
9. Same, (errocyanide White, settles I I 1'43 K,Zn 7 iiFe(CN)" I'~ 1 '40 

in excess badh' I 
10. AmmOlliaral solution, Pore whlte,settlE's 1 0 2'46 Conta.ins zinc 

zinc in ~XCI ss badly I hydrate. 
11. Same, washed with - ! I 2'00 Zn,Fe(CN), 0 2'00 

ammonia 
.11 12. Same, ferroryanlde Settled badly 0 1'9i 

in excess 
11 13. Zinc acetate and ferro- 1'50 K2 Zn o2Fe(CN), Zinc aC'etate 

C'ontains traC'~ cyanide 
of aC'etic acid . 

. __ ._-

The authors entirely fail to produce the compound K2ZnFe(CN)6, and also state that 
the ferrocyanides of zinc treated with ammonia undergo clecomposition with forma
tion of blue precipitates and soluble ferdcyanides.-Edmund H. Miller and .J. L. 
Danziger, .10'1"'. Ame1', C/<em. Soc., September 1902. 

GOLD.-Goid-copper alloys tarnish on exposure to ail' owing to oxidation of 
copper, and blacken on heating in air from the same cause. This oxidised coating 
may be removed and the colour of fine gold (not that of the odginal alloy) produced 
by plunging the metal into dilute acids or alkaline solutions, the operation being 
technically known as "blanching." The colour of the alloys may be improved with
ont previous oxidation by dissolving out some copper by acids, a film of pure Au 
being thus left on the outside, which can be burnished. b'rench jewellers use a hot 
solution of two parts of nitrate of potash, one part of alum, and one of common salt 
for this purpose. Nitric 01' sulphuric acid dissolves out the copper from gold-copper 
alloys under conditions similar to those under which it removes silver with gold
silver alloys. 1£ the copper falls below 6'5 per cent. the alloy is not attacked by 
these acids. Aqua regia dissolves all the alloys completely. -By T. K. Rose, 1896. 

NATURALLY OCCURRING TELLURIDE OF GOLD. -The author investigates the action 
of tellurides of gold on solutions of chloddes of gold, and finds that metallic gold 
is in every case deposited. He also endeavours to prepare a telludde synthetically 
which gives the same reaction, and further shows that hydrogen telluride precipitates 
gold quantitatively from its solution. From his experiments he draws the conclusion 
that the existence of a definite chemical compound of tellurium and gold is to be 
doubted.-Victor Lenher, .Jour. Ame,.. Chen,. Soc., April 1902. . 

NITRlFfCATfON IN DIFFERENT SOlLs.-The authors in a previous article (.fou,·, 
A "'e1'. Cltem. Soc., 1901, p. 318) having found that the rate of nitrification of some 
fertilisers in a pasture soil corresponded with their availability as measured by 
vegetation tests, with one exception, viz. ammonium sulphate, proceed to determine 
the cause of this unexpected behaviour of a fertiliser of such high availability. 
Working on a variety of soils in the manner descdbed in their original paper with 
both ammonium sulphate and cotton-seed meal they find that: l. Addition of 
calcium carbonate invadably accelerated nitrification; 2. In some soils a greater 
percentage of the nitrogen in ammonium sulphate is nitrified than that in cotton
seed meal, and in other soils the contrary is the case, even in the presence of 
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calcium carbonatc; 0. '1'he factors producing this result are ]>robably (a) the 
diminution in the activity of the nitrifying organisms in the presence of ammonium 
sulphate, (b) the acids pro,luced also hinder them, (c) different soils contain different 
classes of orgalli::;ms, having preferential-action on organic as against amnloniacal 
nitrogcn; 4. There is no evidence on record that organisms which nitrify organic 
nitrogen directly do not exist; 5. Liming acid soils favours nitrification; 6. Con· 
tinuous application of ammonium sulphate to a soil previously limed increases its 
power of nitrifying that body.-W. A. Withers and G. S. Fraps, Jow·. Amer. CILe",. 
80c., June 1902. 

NITH]C ACID FLW~I ATMOSI'HEIUC NITHOGE".-A description of Bradley and 
Lovejoy's process of electrical fixation of atmospheric nitrogen in operation at 
Niagara Falls. [n order to obtain thc maximum chemical union of nitrogen and 
oxygen, it was found best to usc a voltage of about 10,000, and allow it to jumr> 
electrostatically through the air a short distance, thereby forming the arc, and then 
to rapidly separate the contacts till thc arc breaks. A large direct current series 
arc-machine was adaptcd for the purpose. The fields are separately excited, and 
the areas are connected in multiple with the terminals of the machine. In each arc 
circuit is placed an induction coil, which is carefully adjusted to obtain the best 
results. This prevents the ",rc forming a short circuit on the machine, and, as the 
motion of the arc-drawing contact is exceedingly rapid, the load of an arc drawn 
in this way is very light. '1'he machine is capable of operating a Bradley-Lovejoy 
device making 414,UOO arcs per minute. '1'he device itself consists of a metal box 
provided with openings to admit the air, and containing rows of insulated fixed 
contacts. To each contact is connected a wire, passing first to an induction coil and 
thence to the positive pole of the dynamo. The negative pole is a revolving 
cylinder provided with projections which come very near but do not touch the 
fixed contacts in the surrounding hox. The cylinder makes 500 revolutions a 
minute, and there arc six sets of contacts in line with the fixed contact on the wall 
of the cylinder; each fixed conuect therefore provides 3000 arcs pel' minute. In 
thc apparatus there are 138 contacts, six rows of 23 each. '1'he air is driven 
through the apparatus at the rate of about 5 cubic feet per arc contact per hour. 
n emerges laden with 2~ per cent. oxides of nitrogen, and these, by simply 
lcading through condensing towers form nitric and nitrous acids; the nitrous 
acid is also ultimately converted into nitric acid. It is claimed that the acid pro
duced is chemically purc, and the cost of production will control the market.
Electrici«n, 1902, p. 684. Abstrrwt Jour. Soc. Clwm. Ind., September 15, 1902, 

OXYGEN; NEW METHOD OF PLtEPMUNG.-Peroxide of soclium, pcroxide of potas
Bium, or the mixture of the two obtained from the liquid alloy of the two motals, 
is mixcd with potassium or other pernmnganate, with a hypochlorite, or with a tracc 
of a salt of nickel or copper, and the whole agglomerated by compression. On 
treating with watel' oxygen is freely given off. Any form of Kipp 01' automatic 
generator can be used, and tbe gas obtained is exceedingly pure.-G. F. Jaubert, 
C01npte$ Rend., 134 [14J, 778-709. Abstract, J. T. D., Jour. Soc. CIte""" Ind., May 
15, 1902. 

RECEN'r ELEC'fHOCHKMICAL D}~VELOl'.MENTS.-" Siloxicon" is a term destined to 
Lecome as fanliliar to the connHcrcial world as "carborundunL" It is the nall1C of a 
new compound, or class of compounds, discovered by Mr Acheson, consisting of 
(:urbon, silicon, and oxygen in chmnical cOlnbination, and possessing physical and 
chemicltl properties of grcat importance to the luetallurgical arts. 

Siloxicon is described in 1\[1' Acheson's patents, assigned to the Acheson COlllpany, 
of Niagara Falls, as amorphous gl'ey-green when cold, and light yellow when heated 
to 3000 Ji'., 01' above; very refi'actory to. heat, insoluble in molten iron, neutral 
toward basic and acid slags; indifferent to all acids save hydrofluoric; unattacke(l 
by hot alkaline solutions; and self-bincling to such degree that the use of a separate 
bmding agent is not essential in forming it into crucibles, furnace linings, firebricks. 
and such other articles as may with advantage be made from it. The articles may 
he formed by merely moistcning the pulverulent material with water, moulding, and 
firing, 01' a carbonaceous 01' other binding agent may be used if desired. As suggested 
uses for the new material, the inventor names refractory linings for furnaces or con
verters; crucibles, firebricks, mutiles, tuyeres, etc., and the properties of the body 
as above detailed sufficiently demonstrate its pecnliar value for these purposes. A 
crucible composed of a material which is insoluble in molten iron, unattacked by its 
"lag, and unaffected by furnace gases, possesses qualities which arc scarcely to be 
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found combined in any substance heretofore in the hands of metallurgists; add to 
these the self-binding- character which permits the construction of the crucible without 
the introduction of any extraneous matter, and the materilll becomes unique. 

Siloxieon is a product of the partial reduction of silica by carbon, and has been 
prepared by Mr Acheson in an electric furnace of the resistance type, hut uncler 
regulated temperature conditions. The charge used may vary in composition, but a 
mixture of two parts of silica with one part of carbon is given as suitable, sawdust 
being added if desired to increase porosity of a fine mixture, and its carbon content 
being considered in the preparation of the charge. The temperature of the formation 
of siloxieon is less than that required for the production of carborundum, as at 01' 

about the temperature of the formation of the latter compound siloxieon is decom
posed, and passes in parts into carborundum, much in the same manner as earbornndum, 
at a still higher temperature, passes into graphite.-Extraet from article by C. P. 
Townsend, Electrical World arul Enginee)', :March 2S, 1903, No. 1:3, Vol. 41. 
(A. W. K. P.) 

REPORT m' TH~; INTERNATIONAL COM~IITTEE ON ATOMIC WEIGHTs.-ln the year 
1900 an International Committee on atomic weights was organised composed of 
more than fifty representatives from chemical and other societies. Its conferences 
were necessarily by correspondence, and the.· delays and difficulties of the work 
proved to be both serious and annoying. Accordingly, the Committee, by votc, dc
signated a small body of three representatives, and the latter now has thc honour to 
report its recommendations. 

On the fundamental question of standards, definite anc[ fornml [LOtion seoms to be 
impracticable. By the original Committee of the German Chemical Soeicty the 
oxygen standard was adopted, but that proposal, whilst receiving strong support, 
also met with serious opposition. In fact, opinion as expressed by individual voices 
seems to be somewhat evenly divided upon this question, and around it there has 
already grown up a controversial literature of formidable proportions. To force the 
adoption of either standard, oxygen, or hydrogen, appears therefore to be impossible, 
and for some time to come both are likely to be employed. Between them, experience 
must be the final arbiter. That standard which best serves to co-ordinate chemical 
and physical knowledge will ultimately be chosen, and the other will gradlwJly fall 
into disuse. Meanwhile, it is important that the most probable valnes for the several 
atomic weights should be indicated, and that every table of them shoul.'! be consistent 
within itself. Such a table has been prepared by our distinguished predecessors, and 
its revision, as knowleclge advances, seems to be our proper function. 

In order that our work may be of the most general service, we have prepared a 
table in which both standards of atomic weights are represented. In the most of its 
details it is identical with the table which was reported by the previous Committee 
at the beginning of the year 1902. Some changes, however, have, ilt our judgment, 
become necessary, and these may be briefly indicated as follows :-

Antimony.-In the former reports of the Committee the value derived by Cooke 
from analyses of the bromide, Sb= 120, was adopted. 'rhis, however, ignores the 
work of Cooke and of Schneider upon antimony trisulphide, and the still more recent 
determinations made by Friend and Smith. The true number being therefore in 
doubt, we recommend the use of an average value, and put Sb=]20'2 (0=16). 

Germanium.-The number 72'5 is more nearly in accord with Winkler's determina
tioris than the former number 72. 

Hyd1·o.'1en.-1n the column which represents the oxygen stanclll"l, hydrogen hu., 
heretofore been assigned the value 1'01. 'L'he number l'OOS is, howevor, much more 
exact, and the error in 1'0] is too large to be perpetuated. Each figure should be 
given to the nearest significant decimal. 

Lanthan"m.-During 1902 two new determinations of the atomic weight of 
lanthanum were published. According to Jones, La= 13S·77. Brauner and Pavlicek 
found La=139·04. Both investigations were conducted with great skill and care, 
and each one seems to have some points of advantage over the other. The average, 
La=138'9, appears to be the safest value'to adopt. These data naturally influence 
our judgment in the case of cerium, and we retain Brauner's n1lmber, Ce=140, 
rather than adopt the lower estimates made by many observers. 

M",·cury.-Taking into account all the determinations which have appeared, and 
giving great weight to the most recent measurements by Hardin, we regard the 
value Hg=200 as best warranted by the existing evidence. 

Palladium.-The atomic weight of this metal is in doubt. 'L'he best determinations 
give .values ranging from 106 to 107. The mean between them, Pd=106'5, has been 
provisionally adopted. 
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Radcium, -This element appears in the table for the first time, Madame Curie's 

determination of the atomic weight, Ra=225, is probably not far from the 
truth, 

8elenin1n,-Judging from the work of Lenher, and the very recent determinations 
by Jul. :M.eyer, the former value, 8e=79'l, is probably too low, In order to give due 
weight to the newer measurements, we write ::;e=79'2, 

Tin,-The determinations hy Bongart" and Classen, which seem to be the best, 
make 8n = 119, The former value, 118 '5, is almost certainly too low, 

'U,.""iclt71!,-AccorJing to the very recent investigation by Richards and Merigold, 
the atomic weight of uranium is 23~'5, 

Zil'coni"m,-The Hgure Zr=90'6 is apparently the most probable, 
In thus assuming the duties assigned to us by the larger International Committee, 

we act upon the conviction that the purpose of our appointment is to Secure the 
promptness and efficiency which is only possible with a comparatively small working 
body, In order to carry ,out this purpose, we must depend upon the co-operation 
and assistance of ollr colleagues, We therefore beg that they, and also all other 
chemists who arc interested in researches upon atomic weights, will aid us with their 
criticisms and advice, We especially ask that publications upon the sllbject shall 
be sent to us, in triplicate if possible, so that no matter of importanc'e may be over
looked, Without support of this kind our work cannot be made fully effective, 

Ti!e complete table of atomic weights, with foregoing changes incorporated, 
follows, 

Aluminium 
Antimony 
Argon, 
Arsenic 
Bariulll 
Bismuth 
Boron, 
BrOlni1l8 
CadmitUll 
Crnsinm 
Calcium 
Carbon 
Cerium 
Chlorine 
Chronliulll 
Cobalt 
Columbium (Niol,iulll) 
Copper 
Erbium 
l!"luorinc 
Gadolinium 
Gallium 
GermaniuIll . 
G1ucinum (Beryllium) 
Gold , 
Helium 
Hydrogen 
Indium 
Iodine 
Iridium 
Iron 
Krypton 
Lanthanum 
Lead , 
Lithium 
Magnesium 

F, W, CI,ARKE, I 
1', E. THOl<PE, J Committeu, 
KAUL 8EUB~;R'I:, 

T:\TEHNATIONAL ATO~IlC WEIGHTS, 1903 
0=16 H=l 

AI 27'1 26'9 
8h 120'2 119'3 
A 39'9 39-6 
As 7~'O 74'4 
Ea 137'4 136'4 
Bi 208'5 206'9 
E 11 10'9 
B1' 79'69 79'36 
Cd 122'4 111'6 
Cs 133 132 
Ca 40'] 39'8 
C 12'00 11'91 
Ce 140 139 
CI 35'45 35'18 
Cr 52'] 51'7 
Co 59'0 58'56 
Cb 94 93'3 
eu 03'6 63'1 
g 166 164'8 
F III 18'9 
l-lel 156 1.55 
Ga 70 69'5 
Ge 72'5 71'9 
Gl 9'1 9'03 
Au 197'2 195'7 
He 4 4 
H 1'008 1'000 
In 114 113'1 
r 126'85 125'90 
Ir 193'0 191'5 
Fe 55'9 55'5 
K 81'8 81'2 
La 138'9 137'9 
Pb 206'9 205'35 
Li 7'03 6'98 
Mg 24'36 24'18 
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MallgotneSe 
Mercury 
Molybdenulll 
Neodymium 
Neon. 
Nickel 
Nitrogen 
Osrniunl 
Oxygen 
PnJadium 
Phosphorus 
Platinum 
PotaSl-;iUlll 
Praseocl ynliulJl 
Radiulll 
Rhodium 
Rubidiulll 
HutheniulB 
Samarium 
Scandium 
Selenium 
Silicon 
Silver 
SodiuIU 
Strontium 
Sulphur 
'rantaiuUl 
'relluriuul 
'l'erbium 
Thaliulll 
Thorium 
'rhulhulL 
Tin 
rritaniuUl 
'l\mgsten 
Uraniunl 
Vanadium 
Xenon 
YtterbilUu 
Yttrium 
Zinc . 
Zirconillnl 

Notices and A bstrads 

INTERNATIONAL ATOMIC WEIGHTS, 1903-c,ontin1ted 
0=16 

Mn 5f)'0 
Hg 200'0 
Mo 96'0 
Ncl14% 
Nc 20 
Ni 58'7 
N 14'04 
Os 191' 
o 16'00 
I'd 106'5 
p 31'0 
Pt 194'8 
K 39'15 
Pr 140'5 
Ba 225 
I~h 103'0 
I~b 8fi'4 
itn 101'7 
Sm 150 
Sc 44'1 
Sc 79'2 
Si 28'4 
Ag 107'93 
Na 23'05 
Sr .S7·6 
S 3S'00 
'l'n 183 
're 127·0 
'rb 160 
'1'1 204'1 
Th 232'5 
'I'm iiI 
Sn 119'0 
'ri 48'\ 
W 184'0 
U 238'5 
V 51'2 
X 128 
Yb 173'0 
Yt 89'0 
Zn 65'4 
Zr 90'6 

H=l 
54.6 

198'5 
95'3 

142'5 
19'9 
58'3 
13'93 

189-6 
15'88 

106'7 
30'77 

193'3 
38'86 

139'4 
223'3 
102'2 
84'8 

100'fJ 
148'9 
43'8 
78'6 
28'2 

107"12 
22'88 
86'94 
31"83 

181'0 
1266 
158'8 
202'6 
230'8 
169'7 
118'1 

47'7 
182'0 
236'7 
['0'8 

127 
171'7 
88'iJ 
64'9 
89'9 

-p,.vceedil/.gs vf tlte CI,cmical Society (London), 19, 295, January 29, 1903. 

THE AmiOLuT,; Z~ato.-lll the cou!"se of his addres~ as President of thc British 
Association for thc Advanccment of Sciet:ce, at Belfast, Ireland, Septembcr 10, Prof. 
James Dewar statcd that by the evaporatiOn of sohd hydrogen under the air pump a 
temperature of about 13° C. above the absolutc zero (273° C.) can bc reached, hut 
at that point further progress is barred, and although it may be possible to attain a 
lowcr tempcrature, it is improbable that thc absolute zero will ever be rcachcd.
Engineel"i1tg <!nd 11linin.1 J01!1"nal, N. Y., October 4, 1902. 

THE CHE;\IIUAL nEAC'rIONS INVOLVED IN TH~; RuSTING OF lIlON.-fn a lccture 
delivered beforc the Boyal Artillery Institution at Woolwich, the substancc of which 
was published in the Pmceed'in[!,\' of that Institution (vol. xxvi., 1899, No.5) and also in 
Enryineeriny, June 1, 1900, the author gave a general account of the results of an 
inv'estigation of the chemical process of nusting. This investigation, which was con
ducted with the co-operation of Dr Jowett, was afterwards continued, and with tho 
assistance of Mr E. Goulding extended, especially to the atmospheric oorrosion of 
iron and steel, and a further account of the results obtained was published in the 
report (1900) of the titeel Rails Committee of the Board of Trade, of which the author 
was.a member. Since the,: the inq.uiry has .been further extended,. especially with 
reference to the atmospherIC corrosIOn of pairs of metals, and to the elucidation of 
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the general process. Various circumstances have, however, delayed the completion 
of the work, and the present summary of the results is published pending the pre
paration of a fuller account of the investigation. 

It has been proved that whilst both liquid water and oxygen are necessary for the 
formation of rust, the presence of carbonic acid is not essential, although it may 
accelerate the action. The well-known effect of alkalis and alkaline salts in pre
venting the oxidation of iron has been hitherto attributed to the withdrawal of the 
carbonic acid. It has been found, however, that the phenomenon is not due to this 
cause, but to the establishment of conditions in which the production of hydrogen 
pcroxide is inhibited. 

When highly purified iron, containing mere traces of impurity, is left in contact 
with dry gases (oxygen, carbon dioxide, mixtures of oxygen, and carbon dioxide), 
rusting does not take place. In the presence of the same gases and water vapour no 
rusting occurs so long as a constant temperature (34" in the actual experiments) is 
maintained, but if the temperature is allowed to fluctuate liquid water condenses on 
the surface of the iron and rust is produced. It is thus shown that pure iron is not 
oxidised in presence of gases and water-vapour only, but that the presence of liquid 
water is necessary for rusting to take place. 

In another series of experiments pieces of iron were left in contact with water 
saturated with a particular gas and with an atmosphere of the same gas above the 
solution. When hydrogen, carbon dioxide, or nitrogen which has been carefully 
freed from oxygen was employed, rusting did not occur, but if oxygen, or a mixture 
of oxygen and carbon dioxide, was used, oxidation took place. F'rom these results 
it is evident that for the formation of rust both oxygen and. liquid water are re
quired. In the experiments in which a mixture of oxygen and carbon dioxide was 
used the results observed indicated that in this case a secondary action proceeds 
simultaneously. 

In order to investigate the influence of solutions of various salts on the production 
of rust small pieces of highly purified sheet-iron were enclosed with the different 
solutions in sealed glass tubes, the space above the solution in each case being filled 
with pure oxygen. The following "nbstances were found to prevent to a greater or 
less extent the formation of rust: sodium carbonate, ammonium carbonate, borax, 
disodium hydrogen phosphate, calcium hydroxide, ammonia, potassium dichromate, 
potassium ferrocyanide, chromic acid, sodium nitrite, and potassium carbonate. 
Rusting occurred in the presence of the following compounds: sodium chloride, 
potassium chlorate, ferrous sulphate, potassium ferricyanide, potassium nitrate, and 
sodium sulphate. The reagents which prevent the rusting of iron are those in 
presence of which decomposition of hydrogen peroxide takes place, and which are 
consequently inimical to its formation. There can be little doubt, therefore, that 
hydrogen peroxide plays an important part in the chemical process of rusting. By 
the direct action of hydrogen peroxide on metallic iron a red basic ferric hydroxide, 
identical with ordinary rust, is rapidly produced, and it is found that in general 
those metals rust in air which are oxidised by hydrogen peroxide, whilst those metals 
which are not oxidised by hydrogen peroxide do not rust in air. Iron, zinc, and 
lead arc examples of the first class, and the rusting of aU these metals is stopped by 
contact with substances which prevent the fOl1llation of hydrogen peroxide. Copper, 
silver, and nickel are examples of the second class; the>e metals do not rust in air, 
and are not oxidiscd by hvdrogen peroxide. 

The analysis of a number of specimens of iron rust has shown that its composition 
may be represented by the formula FeQ02(OH).,. . 

'rhe chemical reactions concerned In the process of rusting' may thereforc be 
represented by the following equations: Fe+ 02+ H 20=FeO + H 20 2• 2FeO + 
H 20 2 = E'e20 2( ° H )2' 

'rhc presence of water in the liquid state is essential alike for the occurrence of 
rll.ting and for the formation of hydrogen peroxide. 

In thc case of certain metals, notably that of zinc, hyrlrogen peroxide can be 
detected during the process of rusting. It has not been possible, however, to detect 
with certainty the presence of hydrogen peroxide during the rusting' of iron. This 
may be due to the fact previously mentioned, that iron is very rapidly oxidised by 
hydrogen peroxide with formation of rust, so that under ordinary conditions the 
hydrogen peroxide is quickly destroyed. 

The influence of certain other reactions on the process of rusting has been studied, 
and may be summarised as follows :-

(1.) The direct decomposition of water by metallic iron with liberation of hydrogen 
can take place only at a relatively high temperature, and is not affected by the 
presence of [!Ikaline salts, such as sodium carbon'lte. 
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(II.) 'l'he action of aqueous carbonic acid on iron in the absence of oxygen rcsults 
in the liberation of hydrogcn and formation of ferrous carbonate or bicarbonate. 
If oxygen is present the ferrous salt subsequcntly undergoes oxidation, the rust 
obtained in this case containing a varying' amount of carbonate. 

(1 fT.) Electrolytic action occurs when the iron is impure or when another metal is 
present. The electropositive mctal su/fers oxidation, and hydrogen gas is evolved. 
'rhis action is not prevented by the presence of sodium carbonate,-W. R. Dunstan, 
Pr'oceedings Cherm:cal Society, No. 267, May 29,1903. (W. A. C.) 

'I'Hll CLASSIFICA'fION O~· THE CHYSTALLINll CllJ,fENTs.-The author's "scheme of 
classification, presented below, is based primarily upon the amount of chemical 
change caused by the processes of manufacture and usc; and, sccondarily, upon tho 
chemic,,1 composition of the cement after setting', Though not perfect it is believed 
to be more consistent and complete than any hitherto used," 1. Simple Cements: 
(a) Hydrate Cements; set due to re-absorption of water, (lo) Carbonate Cements: 
set due to re-absorption of CO2, 2, Complex Cements: (a) Silicate Cements; set 
due to formation of silicates, (0) Oxychloride Cements; set duc to formation of 

,oxychlorides, Brief statements of composition, preparation, and characteristics 
of these several classes follow, and it is stated that a more detailed discussion 
of the technology and propcrties of the various cementing materials will be 
published ina·technical journal.-Edwin C, Eckel, Amer, Geol" 29,146-154, Abstract 
Jow', A meT, C"e?n, Soc., June 1902, 

VOLATILITY OF GOLD IN ADMIXTURll wITH ZINC,-'l'he author disputes the state
ments of Grlinhut as to the volatility of gold admixed with zinc, and contcnds that 
the loss of gold observed in the recovery of zinc-precipitated gold in the MacArthur
li'orrest process is due to mechanical dispersion of the finely divided metal by the 
volatilised zinc, 'rhe author has carried out a series of fifteen experiments with 
alloys of gold and zinc prepa,red from pnrc zinc and commercial zinc with gold 998 
fine, and has prepared a table showing thc results of these experiments under 
various conditions, The heavy loss shown in experiments 12 to 15 is due to thc zinc 
having been volatilised by means of the electric arc, the process proceeding so 
violently that visible particles of gold and cven portions of the alloy itself were 
blown away with the volatilised zinc oxide, 'rhe author is convinced from his ex
periments that if loss of gold in presence of zinc takes place at all, it can only do so 
when the zinc is volatilised with cxtre" e encrgy, and is then carried off mechanic
ally as gold or a zinc,gold alloy.-K. Friedrich, Leits, 11 ',ge,{', O1,t1l1" 190:3, 16 [12], 
269-291. Abstract '/01/1', Soc, Clleru, Ind., April 30, 1903, p, 497, 

I I 
I No, 

Alloy, Excess of Tempel'atureO C. 
Zine in Time of Gold Re- Loss of 

Com- term~ or heating-. covered. Gold, 
Gold, Pure mercial Gold, I Cal-

Zinc. Gold, 
MeaSl1r: Cl1]ate~ 

-- ---- -------
-Mlrrm;-I-Mgrms, Mgrms, Mgl'Jul;:;,. GI ms. Times. Mins. 

1 179'17 - 2'7 15 20 1,070 - 179'12 0'05 
2 212'66 - 4'9 23 30 1,085 - 212'32 0'34 
3 23'44 - 83'0 3,541 150 1,OiiO - 23'28 0'16 

I 

4 1'72 - 30'0 17,742 120 - : 1,200 1'71 I 0'01 
5 179'44 - 1'45 8 

I 
r. 11,380 r 

- 171'86 0'58 
6 49'30 - 5'70 116 10 - 48'57 0'55 
7 48'90 - 8'75 179 i 15 ' to 

1 
- 48'60 0'30 

8 3'24 - 18'0 5.[,56 '2f) J 1,420 - 3'05 0'19 
I 9 0'88 - 18'86 21;432 25 - 0'86 0'02 

I 
10 9'Ol 101'1 - 11 I 3 - I 1500 f 8'92 0'09 
11 1'18 14'8 - 13 ' 1 - f ' l 1'16 0'02 

I 
12 618 '05 - 4'7 8 i 6 - I Above{ 

244'48 373'37 
13 37'95 -

I 
2'66 70 3 - 19'54 18'41 I 

I 
14 8'28 6'12 739 10 - J 3,000 6'01 2'27 

I 
15 44'56 

1
520 '0 I - 12 2 - 23'40 21'16 
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(c) ANALYTICAL CHEMISTRY, INCLUDING ASSAYING 

A RAPID METHOD OF SEPARATING ZINC AND THE ALKALINE METALS FROM lRON.
'rhe test as applied to zinc is as follows: Having the sample (thoroughly oxidised) 
in solution in the minimum amount of hydrochloric acid (S Gr. I'I), transferito a separa
tory funnel, add ether, and shake for about eight minutes. On standing the lower 
solution will contain all the copper and zinc, together with a Rmall amount of ferric 
chloride. Draw otf the lower solution, precipitate copper with sulphurettcd hydrogen, 
oxidise with a little bromine, and precipitate the small amount of iron. The zinc can 
thcn be determined by any approved method. 1t is claimed that this single separation 
is more effecti,'e than a double basic acetate or triple ammonia separation. Lead is 
best removed as sulphate before making the ethereal separation. It can also be 
applied to the separation of the alkaline metals and alumina from iron, as in the 
complete analysis of iron ores. It has the advantage of rapidity and accuracy, and 
avoids thc excessive amounts of salts which are always prescnt when basic acetate 
or ammonia separations are made.-H. C. Babbitt, .Tour. Amer. Chem. Soc., 
December 1902, p. 1211. 

A SENSITIVE TEs'r FOR MOLYBDENUM.-One part of colourless phenylhydrazine is 
dissolved in four parts of 50 per cent. ncetic acid. Of this solution 5 c.c. are added 
to the liquid which is to be tested for molybdenum, and the mixture is boiled for one 
to two minutes. A red colour is developed if molybdenum be present. In doubtful 
cases the liquid, after cooling to about 500 C., is shaken up with a few drops of 
chloroform or acetic ether, when the red colouring matter passes into the organic 
solvent, and is distinctly perceived, even when the liquid under examination would 
otherwise obscure the colour. The test reveals the prcscnce of 0'00001 gramme of 
molybdenum, or even less in 10 c.c. of the solution. Tungstates, vanadates, anti
moniates, chromates and salts of tin, iron manganese, and uranium do not interfere. 
Arsenic acid, in very concentrated solutions, gives a yellowish red colour with 
phenylhydrazine, but this is accompanied by the separation of benzene. In some
what dilutc solutions this colour is not developed, and in any case extraction with 
chloroform serves to distinguish it from the molybdenum compounds. It is essential 
that an excess of phenylhydrazine be nsed.-L. Spiegel and 'I.'. A. Maass, Be;·., 36 
[2],512. Abstract .Tmt1". Soc. Chern. ind., March 16, 1903, p. 319. (A. W.) 

ASSAY OF CYANIDE SOLUTIONS.-" 'I'he ordinary method of determining gold in 
cyanide solutions by evaporating to dryness with litharge, and then running down 
the lead button and cupelling, is not looked upon with favour by some of the metal
lurgists on the field. It is held that large losses take placc on account of the solutions 
being saturated with chloride and other salts. Mr Goldstein, of the Great Boulder 
No.1, is positive that this method of assay is misleading, and seeks to lessen the 
error by adding charcoal as well as litharge to, the solution to be evaporated. He 
also fuses at a low temperature. A method which has been practised at the Bairnsd"le 
(Yictoria) School for somc time, but which does not seem to have been adopted 
generally, is much simpler than either the precipitation or evaporation methods. 
It is simply to precipitate the gold by electrolysis from a measured quantity of 
solution, lead £oil being used as a cathode. The lead may be scorified, and sometimes 
cupelled, straight away. I was informed that Mr Hinman, of the Riecken process, 
used a similar method, but did not get any details."-Extract from article by 
D, Clark on "Mining and are 'I'rcatmcnt in W.A. (The Great Boulder Co.}."
Ans/rali"" lIfiwing Stand";'{l, April 24,1902. (W. A. C.) 

ASSAYING CYANIDE SOLUTIONS.-Of the many ways of assaying cyanide solutions 
by precipitation, that by means of acid, copper sulphate, and a soluble sulphide is 
the most valuable. Thb method is due to Prof. S. B. Christy, who first suggested 
it in 1893. So far as I have been able to ascertain, no investigations have been 
published regarding' the conditions necessary for accuracy when the method is used. 
From my own experienco and observations in different laboratories, 1 was convinced 
some time ago that the resnits obtained by this method are variable, according to 
the different conditions under which the precipitation is made. 'I.'he practice of 
acidifying the solution after thc copper sulphide is thrown down is wrong. 'rhe 
solution should be made acid the first thing and boiled two 0[' three minutes to expel 
the hydrocyanic acid. Either hydrochloric or sulphuric acid. is satisfactory for this 
pU1'],JOse. If the acidification is made last, the precipitation of the gold and silver 
is incomplete, unless an cxcessive amonnt of copper sulphate is used. This gives 
rise to another question: What part does the copper sulphide play in the precipitatio~ 
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of the gold and silver 1 Is it a precipitating 01' collecting agent 1 Both gold and 
silver are thrown down as sulphides from an acid solution by the addition of a 
soluble sltlphide, and it is quite probable that this is the form in which they are 
precipitated, and the copper sulphide simply serves to gather them. It is well 
adapted for this purpose, but has the disadvantage of being casily reduced to metallic 
copper, and as such it enters the lead button and causes an excessive cupellation 
loss. It mnst, therefore, be used in as small a qnantity as possible. From a large 
number of experiments made with varying quantities of copper sulphate I found 
that one gramme of the crystallised salt would give perfect results and check exactly 
with carefully madc evaporation assays. One and a half grammes also gave good 
results, but when two or more grammes were used the figures were always low. This 
was probably due to the cffect of the copper on cupellation. In another series of 
experiments an excess of copper sulphate was added, only a portion being thrown 
down as sulphide. 'J'he results were low in every case, the cause of which I am at a 
loss to explain. 

'1'he particnlar advantages of this method of assaying are that it permits of a large 
sample of solution being taken, and .is extremely rapid. The most convenient 
apparatus for boiling and precipitating the solutions in arc agateware saucepans 
holding about half a litre. Unfortunately they aro not very long lived, as the 
chemicals soon destroy the enamel and holes are formed. Laboratory lamps or coal
oil stoves should be nsed for boiling in preference to the top of the assay furnace. 
A too rapid generation of heat will cause the solutions to run over with attendant 
loss. 'fhe following is a general description of the method of conducting the assay. 
The solution is measured ont in quantities varying' from three to ten assay tons, 
according to its richness, and brought to boiling. T t is then acidified so that it gives 
a strong reaction with litmus paper. At the eml of two 01' three minutes twenty 
cubic centimetres of copper slllphate, containing one gramme of the salt in solLltion, 
are added by means of a pipette. As soon as this boils a slight excess of either 
sodium or potassium sulphide is added to precipitate the copper. The boiling is 
continued for another minute, 01' until the evolution of hydl'Og'en sulphide ceases. 
Filtration is then made through an eleven-centimetre filter. Some of the precipitate 
will adhere to the sides of the saucepan, and must be removed with a little cold 
water and rubbing with a finger. After filtering the precipitate is folded up and 
placed in front of the muifle in a 2·~-inch scorifier. It drics very rapidly, and the 
paper soon catches fire and is consumed. The sulphur also burns and is driven off. 
Granulated Jead and a small amount of borax glass are then added and the whole 
scorified. As there is very Iittlc material to slag off twenty grammes of lead will 
usually suffice. It is advisable to scorify the button until it is reduced to eight or 
nine grammes. It is then extracted, cupelled, and the values calculated. In making 
the assays considerable time can he saved by boiling three or four solutions at a time. 
Another way of saving time b to nse standal'd solutions, so that the necessary amount 
of reagents can be added without any unnecessary delay. In thi" way fifteen or 
twenty solutions may be prepared for scorification ill abont three-quarters of an 
hour. In adding the alkaline sulphide care should be takeu not to add in such 
excess that the solution bccomes alkaline again. As soon as all of the copper has 
been thrown down an excess of sulphide gives a white precipitate of sulphur. This, 
however, cannot be seen unless the copper sulphide bas settled somewhat. Regarding 
the aecumcy of the method, therc is no question but that if properly made the results 
are fully as higl.l as those obtain cd hy any other means.-J1!inin!/ ,,,,d Scientific 
Pm's (Cal.), AprIl 11, 1903. 

COMMON ERRORS TN THE DETERMINATION OF SILICA.-In a comprehensive and 
interesting paper, giving a large number of experiments, the author investigates the 
causes of the common occurrence of error in the determinlttioll of silica in silicate 
analyses, even after repeated evaporations, and draws the conclusion that inter
mediate filtrations are neccssary to ensnre the complete removal of the silica. He 
also recommends the lise of the bhtst to ensure the correct wcight of Si02• - W. F. 
Hildebrand, .[0"". Amer. O/",rn. Soc., April 1902. 

CYANIDE ASSAY FOR COPI'ER.-Jn the discussion on a paper on this subject Edward 
Keller suggests that the time factor enters largely into tho accuracy of this method, 
and also gives a method of ohtaip.ing the copper in solution without interfering- with 
bases as iron manganese and .inc. One gramme of the ore is dissolved in 5 c.e. nitric 
acid boiled to expel excess of acid, and the residue again boiled with hydrochloric 
acid and diluted to about 100 c.c. Ammonia added to slight alkalinity and 1 or 2 c.c. 
'lmmOI)illm sulphide solution (prepared hy passing sl;lphnretted h,l'drogen through 
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strong ammonia to saturation). The so lu tion is then re-acidified with hydrochloric acid 
and the insoluble snlphides filtered off and washed. 'l'he filter is then placed on three 
or four layers of filter paper in a scorifier and incinerated in a red-hot muffle. The 
residue can then be readily dissolved in the re'luisite amount of acid and titrated. 
Lead and bismuth should be removed, if present, from the incinerated residue as 
carbonate with ammonium carbonate.-Abstmct from 1,,,,11,8. Am. Insl. M.E.
l}Iinin.'j ((,jul Scient'ifi'c PI'esR, Jnly 12, 1902. 

DE1'ECTION OF 'l'IlACES OF A)IMONIA IN \VATER.-Diamindphenol, known com
mercially as "Amidol," affords a very sensitive reagent for the detection of free 

'ammonia, so that its solution lllay he usefully substituted for" Nessler's Reagent" 
for the colorimetric (lctermination of ammonia in drinking water. It is said to be 
definitely more sensitive than "Nessler," the tint given hy a dilution of free 
ammonia, 1:1,000,000 being very marked, and the colour reaction distinct in even 
higher dilntion.-Nlanget and MaI~on, An1lal. de GI,,:rn. Analyl., 8 [3],8:3. Abstract 
JOI(j', Soc. Ghen,. ind., April 15, 1903, p. 441. 

DETEmlI};ATlO}; OF ALBU)!IlWID A};D PROTEID-A)f)lONIA.-The following method is 
recommencled for the (letermination of organic nitrogcn in water: 100 c.c. of the 
water are mixed with fi c. c. of N/5 sulphuric acid and 5 c.c, of a 1 per cent. solntion of 
potassium persulphate :w(l heated on the water bath for fifteen minutes in a covere(l 
tlask, The contents arc cooled and mixed in a glass cylinder with 5 c.c, of a mixture 
of equal parts of Nessler's reagent and a 50 per cent. solution of Rochelle salt. In a 
similar cylinder 100 c, c. of the water are mixed with f) c.c. of the same sulphuric acid 
and 5 c.c. of the Nessler reagent. To this mixture ammonium chloride solution 
(1 c.c. =0'1 mgrm. NH,,) is added till both cylinders show the same coloration. The 
results of many expcriments show that the ammonia found is a measure of organic 
nitrogen present, and that water showing more than 0'1 mgrm. of ammonia pel' litre 
is unfit for drinking l'nrposes,-L, \V. Winkler, Zeit". 1lnal. Uhem., 1902,41 [5],209-
300. Abstract ./0111" Soc. GI,em. ind" August If), 1902. 

DETER)!INATIO}; OF COPPER BY ALU)IINIUM FOIL.-'rwO 01' three small pieces of 
foil are added to the coppcr in sulphuric acid solution (1 in 5) and boiled. In about 
five minutes all the copper is precipitated, and can either be washe,l off and weighed 
011 a Gooch filter, or dissolvcd nnd titrate,l by cyani(le.-Geo. E. PcrkinR, Jow', 
A me>" Gkern. Soc" May 1902, p. 478. 

DETERMINA1'10); OF GO[,D AND SILVER IN COPPER BULI,ION.-The author dcscribes 
a modification of the combination method for the determination of gold and silver in 
copper bullion. It is stated to give results which arc higher than those obtained by 
the" all-fire method." '1'118 essential point in the method is the preliminaryamal
gamation of the copper to be assayed. This is effected by shaking 1 A.'l'. of the 
copper with 25 e,c. of water and fi c.c. of a solution made by dissolving 50 grammes 
of mercury in nitric acid and diluting to 1 lit-re. The copper is then treated with 200 
c.c. of dilute nitric acid (475 c,c. to 1 litre), and when the violence of the action begins 
to diminish the beaker containing the solution is place'l 011 a hot plate. \Vhen 
action has ceased the solution is heated to boiling and diluted with 150 c. c. of hot 
water. Any undissolved copper or mercm'y may be (lisregarded, as their presencc 
will not affect the results. 'l'he solution acquires a turbid appearance, owing to thc 
formation of mercnric sulphide, which, by thc action of the hot nitric acid, is con
verted into the insoluble donble Rulphide aud nitrate of mercury. 'I'he precipitate is 
filtered off, the first portion of the filtrate being passe(l through the filter a ,secoll(l 
time. The filter iR washed and the beaker wiped ont with a slllall piece of filter 
paper, which, with the paper in the funnel, is dnsted with tinely divided test lead 
and placed in a 2~-inch scorifier, the bottom of which is covere(l with test lead. From 
the filtrate thc slh'er is precipitated as chloride, but .ince silver chlol~de is soluble 
in mercuric nitrate solution, <L large excess of sodium chloride is needed, viz. 
sufficient to convert thc mercuric nitrate into chloride, in addition to precipitating 
the silver t1.S chloride. The solution is filtere,l cold the paper and precipitate 
wa,hed, sprinkle(l with test lead, and transferred to the scorifier containing the 
gold. The papers are burned, the ash covered with test lead, scorified, and cupelled 
with the usual precautioll. In scorifying it is best to start by heating gently with
out the addition of borax, the assay being gradually melted, but prevented from 
scorifying until all indications of "spitting" have passed: the borax is then added 
qnd the temperature raised lllltil scorification commences,-T, B. Swift, Eng. and 
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M,:n. JOU7'., 1902, 74 [20], 650. Abstract Jon7'. Soc. Chem. rnd., December 31, 
1902. 

DETERMINATION OF PLATINUM, GOLD, AND SrL\,ER IN ALLOys.-The following 
methods were found to cive the best results :-

(a) Alloys contai",:ng cP1at,:ml'fn and Sil~c,' only.-About 0'3 gramme of the alloy 
was heated for about fifteen minutes with 10 c.c. concentrated sulphuric acid, until 
the action had apparently ceased. A fter thoroughly cooling, the acid was poured 
off from the platinum into a beaker containing water. The residue of metal was then 
treated with sulphuric acid (5 c.c.) again an,l the acid poured off. The metal was 
twicc washed with water, the washings being added to t he silver sulphate solntion, 
and next with successive quantities of water till free from acid. The platinum was 
then transferred to a crucible, dried in thc air-bath, and weighed. The silver was 
estimated by the sulphocyanide process. , 

(b) Alloys cont,,,:ni,,.'! Gold, Phtt?:num, and SiI1;e,·.-The alloy was treated as above 
with boiling snlphlll'ic acid, the residue of g'old and platinum being washed, dried, 
and weighed as a check. This residue was then dissolved in aqua regia, concentrated 
to a small bulk, and the platinum separated as ammonium platinum chloride. 
The gold in the filtrate was precipitated by ferrous sulphate, washed, dried, and 
weighed. 

(c) Alloys conta,:n'ing Gold, l'llttinmli,. sa:Ge.r, "'lid Tin.-The method used was 
that described under (b), the silver being' titrated and the tin taken by difference. 
Heating the alloy in a curred of chlorine also gave fail' results, the tin chloride 
heing' volatilised and estimate,l by difference, as it was not found possible to collect 
it.-P. A. E. Richards, Analyst, 1902, 27 [31S], 265-S, Abstract Jo",.. Soc. Cltem. 
Ind., October 15,1902. (N.B.-No mention is made of the ratio of the different 
metals in the alloys adaptable to the separation.) 

DETERMINATION OF SULPHUR IN OOAL.-A comparison of the various methods of 
estimating the total sulphur contents of coals. The author gives preference to 
Eschka's well-known test, but recommends evaporation to dehydrate silica, which 
otherwise p,'ecipitates with barium chloride. 

Anthony and Luccbesi's, Stolba's, Thompson's, and Hodgson's, and a special 
method used by the author, as a standard of comparison, are discussed. The latter 
requires a bomb calorimeter permitting thc passage of the products of combustion 
in oxygen through hydrochloric acid and bromine water, The residue in the bomb 
being washed out, dried, and fused with sodium potassium carbonate. '{'he sulphates 
precipitated in this and iu the bromine solution give total sulphur in the coal. 

Anthony and Lucchesi's method is troublesome on account of manganese going 
through the filter, wbile 8tolba's is almost as bad. Thompson's, while giving fail' 
results, requires dehydration of the silica, and Hodgson's is dismissed as cxceedingly 
impractical.-Oharles W. Stoddart, Jou,.. Am,,'. Clum .. Soc., September 1902, 

DETER~rrNATION OF THlOCYANA1'ES,-Thiocyanrttes act with iodine in the 
presence of an alkali carbonate according to the equation 

KSON +ST +4H20=H2S04 +6HI+KI+J0N. 
A known quantity of thiocyanate solution is allowed to stand with excess ~ iodinc 

solution and about 1 gramme sodium bicarbonate in a stoppered bottle for half 
an hour in the dark, and 'the excess of iorline titrated with sodium thiosulphate. 
Shaking the bottle should be al'oided in order to prevent evolution of car
bon dioxide. The presence of cyanogen iodide prevents the nEe of sta.rch 
indicator, and on account of the yellowish colour produced by the same 
compound with potassium iodide it is advisable to work with such quantities 
that not more than 20 c.c, of tbe iodine solution are required. The end 
reaction can be taken as the disappearance of the yellow colour. 'Phc method 
gives good resnlts in the presence of chloddes. In the presence of cyanides boil for 
fifteen minutes with 0 '5 gramme tartaric acid. In a mixture containing thiocyanates, 

cyanides, and chlorides, 10 c.c. are precipitated with ~ silver nitrate aci,lified with 

nitric acid, made up 100 c.c, and filtered, excess of silver determine,l in the filtrate, 
I<'ifty c.c. of the orig'inal solution are boiled for fifteen minutes with 1 gramme tartaric 
acid and made up to 100 c. c. In 20 c. e. of this solution chlorides and thiocyanates 
are determined by Volhard's method, and in a further 10 c.c, thioeyanates estimated as 
above.-Ruppand A. Schied, Be,.., 35[12],2191-2195, 13, F. D., Abstr[lct Jam. Soc, 
Ckem. Ind., July 31, 1902, 

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
)



J.lotices and Abstracts 443 

ESTHIATTOX UF COPPER BY PUTASSIUM PERMAXGANATE.-The copper in solution 
rendered slightly acid with hydrochloric acid is reduced by sodium sulphite or 
sulphurous acid previously ne"rly neutralised with sodium carbonate and pre· 
cipitated as cuprous thiocyanate, boiled "nel filtered and washed thoroughly with hot 
water on to a filter. The funnel inserted in the neck of the precipitation flask and a 
boiling 10 per cent. solution of camtic soda passed through twice, and the alkaline 
thiocyanate resulting rendered acid with sulphuric acid and titrated with decinormal 
permanganate. The author recommends the standm'dising of the permanganate 
against pure copper under the conditions of the assay, as owing' to the slight 
solubility of cuprolls thiocyanate in the reagents thc copper value is not quite true 
with thc iron factor. Comparcd with the iodide method it is equally speedy and 
superior to either that or the cyanide method for small percentages of coppcr.
H. A. Guess, .101".. Amer. Ohe",. Soc., August 1902. 

ESTHIATION 0,' ALKA.LI HYDHOXIDE OR HYDROGEN OARBONATE IN THE PRESENCE 
OF NORMAL ALKALI OARBONATE.-The authors, using Thompson's method of titrating 
alkaline hydrates in prescnce of carbonates, find that by immersing the point of the 
burette in the liquid and working in daylight that g'ood results can be obtained. 
Fifty C.c. of a] in 50 or 1 in 25 solution are titrated with N. acid, using' phenolphthalein 
and finishing the titrations with methyl orange. If the amount of acid re(luired in 
the first stage exceeds that of thc second, allmline hydrate is present; if less is 
required in the first stage, then bicarbonate must be looked for, ancl the excess of 
acid required must be calculated to bicarbonatcs.-Barker North and W. C. Lee, 
)0",.. Soc. Chem. Ind., 1902, pp. 322-325. 

GOLD-DISH TESTS.-A description of a method of determining the free gold in 
ores, originally devised by Mr L. StromeO'er. To apply the test, 4lbs. of ore are 
crushed to pass a 50· mesh sieve and panned down in an ordinary prospecting dish. 
'Vith alluvial 0 Ihs. are taken for the test as representing- I·S00th of a cubic yard 
of gravel, estimating that 18 feet of gravel in bank weighs a ton, and a cubic yard is 
about n tons or 3000 I bs. A small piece of gold weighing about 123 grains is 
beaten Ollt so as to form a shallow dish, shaped like a watch-glass, and amalgamated 
on the inner surface. '1'he pannings arc tmnsferred to this dish, previously weighed. 
One phtn suggested for doing this is to gently sluice out the pan throug'h a small 
funncl held vertically over the dish, the latter being' immersed in about an inch of 
water. 'rhe black >and residue in the g-old test is then gently agitated or rubbed 
over the amalo-amatecl surface with the finger. The dish is afterwards dried in the 
sun or on a ~and or water-bath, and weighed on the prospector's balance, and 
calclllated from the increase of weight. A good plan for prospectors is to carry a 
case with a number of bottles to holrl pannings when it is not convenient to make 
the test at once. Any coarse gold found adhering to thc dish is sCl'aped off beforo 
making thc next test. A table is given for calculating values, and mention is 
made of a prospcctor's balance suitable for the purpose, made by Messrs Oertling.
A. G. Oharleton, 1'''''71''. Inst. Min. and 11Ietal. 

HYDROXYI,AMINt; AND HYDRA~INE SA1,T8 IN QUALITATIVE ANALYSIS.-The anthors 
have studied thc action of hydroxylamine and hydrazine salts, and hydrogen 
peroxide, in acid and alkaline solutions, on the metals precipitated by sulphurettet! 
hydrogen in acid solution, and as the results of these investigations give the follow
ing- two methods of separation: In the first method the well'washed metallic sul
phides are dissolved in wflta 'J'egia, the solution evaporated to expel the excess of 
acid, and the rcsidue poured into a mixture of 40 c.c. of 20 pel' cent. sodium hydrate, 
and 20 C.c. of coW saturated solution of hydrazine sulphatc. 'rhe solution is boiled 
and diluted with an equal volume of water, cooled, filtered and washed with hot 
water till the precipitate is free from alkali. 

The precipit"te (N') contains mercury, copper, and a trace of silver, with the 
hydrates of cadmium and bismuth. 

The filtrate (1<") contains tin, arsenic, antimony and lead, as sodium salts, and 
traces of bismuth. 

The prccipitate (N') is dissolvcd in nitric acid, diluted, and the bismuth thrown down 
with ammonia. By boiling the ammoniacal filtrate, and warming for half an hour 
on the water- bath, metallic mercury is separated. The filtrate from this precipitate, 
containing copper and cadmium, is acidified with hydrochloric acid, and the copper 
precipitated by potassium thiocy.mate : after warming half an hour on the water
bath, filter and precipitate cadmium from the filtrate by ammoniulll sulphide. 
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The filtrate (F') is saturated with sulphurctted hydrog'en-lead and bismnth 
separated as sulphides, whilst tin, antimony, and arsenic remain in solution '" 
sulpho-salts, and can be separated in thc ordinary way. Gold and platinnm, if 
present, are precipitatcd with the copper in the metallic state, and remain as a 
residne on boiling the precipitate (N') with nitric acid. This rcsidue is dissolved 
in "'Ilia repi(i, theexcess of acid evaporated, and the gold precipitated with sodium 
hydrate and hydroxylamine hydrochloride. Platinnm remains in solution, and is 
precipitated by warming with hydrazine chloride. 

In the second method of separation, the solntion of the sulphides III (i'l'''' j'eg':ii is 
evaporated, and thc residue taken up with 3 to 4 C.c. of warm conc. nitric acid; this 
solution, with any remaining residne, is poured into 20 C.c. of conc. amUlonia, con
taining 5 to 10 C.c. of 4 per cent. hydrogen peroxide. By warming to abont 80' C. 
for fivc to ten minutes a precipitate (N) is obtained, consisting of lead peroxide, 
bismuth hydrate, and stannic acid. 

The copper, cadmium, mercury, arsenic, and antimony remain the ammoniacal 
solution (In. The precipitate (N) is warme,l in a porcelain dish, with s'ldinm hydrate 
and ammonium sulphide. Lead and bismuth are obtained as sulphides, and tin 
remains in solution, and may readily be precipitated as sulphide, by the addition of 
acid. 

The filtrate (F) is boiled to decompose excess of hydrogen peroxide, and warmcd 
for five minutes on the water-bath with 0'5 to 1 gramme of hydroxylamine hydro
chloride or hydra7.ine snlphate. Mercury is precipitated in the metallic state, and 
can be filtered through a double filtcr paper, The filtrate is allowed to stand for 
twelve hours with magncsium chloride, whereby any arsenic present is precipitated. 
After separation of the arsenic, copper is precipitated in ncutralised filtrate, by 
'warming from ten to fifteen minutes with potassium thiocyanate and in the filtrate from 
this precipitate antimony and cadmium arc separate,l by ammoniulll sulphide. 

'rhe great advantages of these mctho(ls are that mercury can bc readily and COlll
pletely· separated from tin, arsenic, and antimony, and that the use of ammoninm 
sulphide is hrgely avoided. 

The first method is most suitable when gold and platinum are present, as it cffects 
a ready separation of these metals from arsenic, antimony, and till.-E. Koevenagel 
and E. Elber, Ea., 3f> [15], 3055. Ahstract Jaw'. Soc. CI,e,;/. hid., Octobcr aI, 
1902. . 

LEAD SAW'S, VOLUMETRIC DE'fEHM1NATIOX ol<'.-Thc authors recommcnd dircct 
titration of precipitated lead oxalate. Precipitation is effe ,ted with excess of 

~ oxalic acid, and the Icad oxalate filtered off, washed, and titrated direct with per

manganate and sulphuric acid. If the precipitation he done in thc cold, the acidic 
portion of the lead salt can be ,Ietermined in thc filtrate, pIns thc washings, by 

titrtltion with ~ alkali.-R. C. Cowley and J. P. Catford, 1'1",,.m . .101(,)'., 1902, ]>. 

149. Abstract JOll,.. Soc. Chem. Ind., September 15, 1902. 

NEW REACTION FOIt THE DF,TECTION OF SULPHUHETTED HYDROGEN. - A known method 
for the dctection of molybdenum c'onsists in convcrting- it into an alkali molybdatc, 
adding some potassium thiocyanate, acidifying with hydrochloric acid or SUlphuric acid 

~ and adding some pieces of zinc; hy thc action of the hydrogen, a transient blood-rcd 
coloration is produccd owing to the formation of moly hdenum thiocyanate. The colora
tion is more pemJanent and can be uscd for the detcction of the smallest traces ofllloly
hdenum, if to a small quantity of solid ammonium molybdatc (e\'en 0'02 milligramme) 1 
to 2 drops potassium thiocyanate solntion (containing at least twice as much as the 
amount of molybdenum present) bc added, and the liquid, distrilmtcd over as wide 
a surfacc as possible, exposed for an instant to sulpllllretted hyrogen g·ag. '1'he 
liquid is immediately coloured [1. morc or less intense violet, which on evaporating 
the solution becomes blne. 'l'he rcaction can be used for thc detection of small 
quantities of thiocyanatc." the alkali thiocyanate, preferably in thc solid form, being 
treatcd with ammonium molybdate amI hydrochloric acid and cxposcd to sulphnrettcd 
hydrogen. The reaction is most useful, however, for the detection of sulphuretted 
hydrogen. '1'he reagent is prepared by mixingtogcther two solutions (i) 1'25 gramme" 
ammonium molybdate in 50 C.c. distillcd watcr, and (b) 2'5 gramme" potassium thio
cyanatc in 45 C.c. of distilled water; and then acidifying with 5 c.c. hydrochloric acid. 
The golden-yellow solution thus obtained, if placed in a closcd bottle and protected from 
the light, will keep unchanged for several days. Thc test is made by introducing 
into thc gas, et~., uncIer cxamination a strip of filter paper soaked in the solution, or 
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the bottom of a crucible or test-tubc moistened with the samo_ In the cxamination 
of drinking water 20 C.c. of the sample are tl-eated with 1 to 2 c.C. of a 20 per cent. 
solution of potassium thiocyanatc, the liquid acidified and a small quantity of a 5 per 
cent. solution of ammonium molybdate added. Thc liquid is coloured violct or red 
according to the amount of sulphuretted hydrogen present, If the latter be absent, 
only a yellow colour is produced. The presence of iron in the ferrous condition has 
no disturbing influence, whilst if ferrie salts arc pre,;ent the red colour produced on 
adding the potassium thiocyanate is dissipated by the addition of oxalic acid before 
adding the ammonium molybdate.-D. Ganassini, Boll. Gll:i",. [;'(t1'1n., 41, 417-19_ Ghell' .. 
Centr., 1892, 2 [tiJ, 476. Abstract JOIW. Soc. Chern. Ind., October 15, 1902_ 

l'EnSULI'HA'fES, QUAN'fITATIYll SEI'ARATIO~ BY MEA~S OF.-For the determination 
of lIlanganese (Jo",·. Soc. Chern. Ind., 1891, 1004; ]897, 396; and Ohem. N""8, 13, 
76) ammonium persulphate is to be preferred to potassium pOl'sulphate, as it is more 
readily washed out of the precipitated manganese oxide. 

'1'he effectiveness of the pm'sulphate is determined by passing' a current of carbonic 
;wid gas through a tlask containing a weighed portion of the pOl'sulphate, 3 to 4grammes 
of manganese chloride, and 25 c.c. of hydrochlorie acid, into a 10 per cent. solution 
of potassium iodide. On gently warming the flask chlorine is evolved, and swept 
into the iodide solution in proportion to the amount of av,dlable oxygen in thc per
sulphate, and the iodine libcrated titrated by hyposulphite. 

8"t""",(ion '!f' Jl{wngnnese.-O·:j to 0'5 grmnmes of cry,;tallised double sulphatc of 
mangancse and ammonium werc weighed into a platinum dish, dissolved in water (150 
to 1UO c. c.) coiltaining some 5 c.c. of 10 per ccnt. sulphu,,;c acid, warmed and heatcd 
with 15 to 20 C.c. of 10 per cent. solutIOn of ammoninm persulphate. '1'he dish is 
heated on tho water-bath, and kept well shaken for two hours, and the precipitated 
oxidc filtered off, washed with hot water, ig'nitcd in a platinum cruciblc, weighed 
as l'ifn"O., and c"lculated to MnO. 

0'4731 grammes of the double salt gave 18'17 per cent. of MnO, thc theoretical 
being Hi·16. 

Separation 'If !lIang",ne"e w,d illag"es,:",,, appears to present no difficultics, thc 
same method being applied. 'rhe wash liquor and filtrate are evaporated with a few 
c.c. of persulphate, and if a tracc of permanganate shows, it is removed by ammonia 
and hydrogen peroxide. '1'he magnesium is cstimated in the ordinary way in the 
rcsidue. 

Separation (!f' illangn1l.esc aJl(l Zin.c.-rl'hc SallIe method it; used, only diluting to 
400 to 500 c.c. instead of 200 e.c. After removal of ammoniacal salts the zinc is 
precipitated as carbonate. 

Septtration ,,/lolangancse "mel Alu1nin,:mn.-An analagous method, giving results 
with cqual faCIlity and aceuracy. '1'he author gives tigm'es sho\\'ing the ex"ctness of 
thc methods.-NL Wittrich and C. Ha.ssel, De,.., 1902, 35 [15J, 32M. Abstract J01"'. 
Soc. 01IC1n. Ind., November 29, 1902. 

PR';CIPITA~'lON OF NIETALl~lC GOLD IN A CRYSTALLINE CONDITION BY MEANS OF 
FOHMALDEHYDE.-The gold chloride solution used must contain at least 0'05 of gold, 
and must be strongly acidified with nitl'ic or hydrochloric acid. Under these Con
ditions the gold is completely precipitated by commcrcial formaldehyde (about 
10 c.C. to 300 c.c. of the solution). The reaction is accelerated by warming. Gold 
hromide does not give such good results. Gold can be quantitatively separated by 
this means from salts of eopper, antimony, mercury, zinc, lead, manganese, tin, 
arsenic, etc. Platinum is precipitated, but so slowly, that a separation of gold is 
possible. '1'he gold separates in crystals of a size 0'2-0'9 mm., mostly a combina
tion of octahedron and cube; its S. Gr. is 19'43095. lron in neutral solution is also 
precipitated in crystalline form by formaldehyde.-N. Awerkijeff, abstract '/our. 
Soc. Clwln. Ind., April 15, 1903, p. 444. (A. W.) 

RUBHESCIN: A NEW INDlCATOH FOIt ACIDS AND ALKALlIis.-Preparcd by fusing in 
oil bath 50 grammes resorcinol and 25 gramme. chloral hydrate, the action proceeding 
with liberation of hydrochloric acid, and without further heating whcn 1060 C. is 
reached. The melt is a brittle non-hygroscopic mass, insoluble in chloroform, sparingly 
in ether, soluble in warm amylic alcohol, also in water. Purified by washing the pow· 
dered melt with chloroform. A 1 per cent. solution is dark red in colour, exceedingly 
sensitive to alkalies, 3 to ti drops producing, with 1 drop of decinormal soda in 100 c.c. 
of water, a red coloration which lasts one hour, "nd lcaves a red fluorescence lasting 
a day, whereas with phenolphthalein the colour would vanish in a few seconds. The 
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same result is l'l"ouuced with 1 to 2 drops dccinormal hol'f\x, sodium cal'bonate, and 
bicarbonate. '1'hc colonr io dcotroyed by 1 drop dccinorm"l oulphuric ",cid iu presence 
of 3 drops of the indicator, but with 5 to 6 drops a dccided yellow tingc is left. 
Ammonia also givcs a red coloration. As an indicator it is to be rega.rllad as of 
strongly acid charaeter.-A. Rosenfeld, abstract Jon1·. S"c. Chem. }"d., May 1\)02. 

SODIUU SULl'BIUE, PRESBltVA1'JON OF S'1'J\NDAB.D t)OLU'l'lON 01<'- - rJ'he nuthorl' 
llcscribc detailed experiments showing that ail' acts on standard solutions of sodium 
sulphide, Na2S+9H"O, whilst thcy me not affcctClI hy light, and recommends covering 
the solution with a laycr of olivc or almond oil. '1'bcy claim that the solution' thus 
protectcd remains pr(lctically unaltorcll fo" an indcfinitc I'criod.-K l'rothicrc and 
Mlle. A. Rcvaud, Jam'. Plumn. Chem., 1 !J02, 16 [10], 484. Abstract Jaw': Soc. ehe1ll. 
ind., Deccmber 15, 1902. 

SOLUBILI'ry Oli l'HB SULPHIDBS OF A RSE;-<IC, ANTIMONY, AND '1'IN.-A scries of 
experiments on the action of hydrochloric acid on the frcshly precipitated sulphides 
of thcse metals, demonstrating that the arscnic compound is absolutcly insolublc in 
acid of S. Gr. 1'16 if hydrogen sulphide be passed into tbe mixture to satumtion. 
That of antimony is soluble when the proportion of acid to water is as 50 to 18,. whilst 
tin sulphidc is soluble in a somcwhat wpakcr acid. In thc quantitative separation thc 
authors recommend treating the mixcd.sulphidcs with hyrochloric acid dillltcd with 
not morc .than one-third its volumc of water, passing sulphurcttcd hydrogcn to 
saturation, filtering and washing with eithcr thc concentrated acid saturated with 
sulphuretted hydrogen or in the proportion 50 of acid to 18 of ,,:ater. - R W .. Lanc 
and C. 111. Carson, .101".. Soc. eke11/,. hi,d., August 15, 1902. 

'rHE COI'I'EH ASSAY BY Tm; IODIDE lIlETHoD.-The modified application of this 
proccss as devised by the author appcars to Icavc littlc to he dcsired on the score of 
accuracy. 

Standnnlisiny the Sodi""" T"io,"dpl",te Solation.-Dissolvc 19 grammc" purc crystals 
to the litre, weigh accurately 0'2 gramme purc copper foil, and placc in flask of about 
.'i50 C.c. capacity. Dissolve by warming with 5 c.c. nitric acid (1 in 1) and dilute to 
20 c.c. Boil for a few minutes to partially expel rcd fumes and add 5 C.c. of strong 
bromine water, and boil until bromine is thoroug-hly cxpelled. '1'his ensures thc 
complete removal of nitrous gases. Add now about 7 c.c. ammonia.. (So Gr. '900); 
cxpel the cxcess of ammonia by hoiling, as shown by change of colour and partial 
precipitation of the oxide. Add 3 01' 4 C. c. of strong acetic acid and boil to redis
solve the copper. Cool to room temperature and add about 3 grammes of iodide of 
potassium. Titrate at once with the sodium thiosulpha.te until thc brown tingc 
becomes weak; then add the starch paste and finish slowly, drop by drop. 

The .author remarks that the sodium thiosulpbatc solution preparetl from pure 
~rystals appears quite stable, showing little or no variation after one month. 

Treatment of Ol'eo.-1'o O· 5 gramme ad d 6 C. C. ni tric acid and boil gen tly nearly to dry
ness. Then add 5 C.C. hydrochloricl1cid and aga.in heat. Add 6 C. C. ofsulp1lUric acid and 
·boil until fumes of sulphur trioxide appcar. Allow to cool, add 25 C.C. of water, and hea.t 
to boiling. Allow to stand bot to dissol\'esulphate of iron, filter and wash into a beaker, 
making up volume to about 75 C.C. Place in beaker a piece of sheet aluminium about 
2'5 centimetres wide, bent into a trianguhIr shape. Add 1 drop of hydrochloric acid 
(1 in 1), cover, and heat to boiling. Allow to boil scven to ten minutes, but avoid con
centration. The precipitated copper is detached 01' loosely adherent. Filter and wa,h 
with sulphuretted bydrogen water to pre,'ent oxidation and ensurc complete prccipi
tation, finally washing rapidly with cold water. Pour over the aluminium in beaker 
nitric acid (l in 1) and boil slightly, and transfer the hot acid to thc filter containing 
the bulk of the cop1)er. Pour 5 C.C. saturated bromine water on the filter, and wash 
beaker and filter with cold water. Boil to remo"e nitrous and bromine fumes, and 
titrate as for the standard. -Albert H. Louw, Jr., A merican Chemical Society Jomnal, 
November 1902. 

THE DBTERMIN'ATIOl< OF LEAD IN OUBs.-An instructive revicw of thc "urions 
analytical methods of valuing lead ores. The author examined all existing processes, 
dismissing the fire assay a.s gidnf! low results. 'l'he modification of the ordinary 
gravimetric determination as sulphate using a Gooch crucible ",nd drying at 110° C. 
presents advantages over the older way of incinerating the filter and igniting. The 
adoption of the Gooch crucible is also recommended for the gravimetric chromate 
method. The lead peroxide electrolytic process is also dealt with, but the great 
interest of the paper lies in the author's review of existing volumetric methods, 
including Alexander's molybdate, Koenig's-conversion of sulphate into carbonate 
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with a.mmonium carbonate, solution ill rlecillormal nitric acid and titl'ation with 
soda. Low's modification of Hempel's oxalatu method. 'l'he bichromate and the 
ferrocyanidc methods heing fully dioeussecl and the effects of impurities on all results 
noted. Prccedenee i" given to Alexander's and the ferroeyanidc methods, the latter 
for choice, onlinal'Y impurities as Li~muth, antimony, and the calcium group having 
less influence on results. As in all volumetric processes, lead sulphate is first 
obta.ined, converted to carbonate with saturated solution of ammonium carbonate 
precipitate washerl free of alkali, di"olvcd in acetic acid with boiling, and titrated 
at 60° C. with standard fcrrocyal1iclc using nranitllll acetate drops as indicator. 

'J'lIlOCYANA'fES, IODmlE'fRI<J DETEH~II);Al'ION of.-Rupp and Schiel's method modi-
N 

fied (sec this ./(1 Itl'nuj , September l(l02, p. 65) 10 C.c. of a 10 potassium thiocyanate 

solution, and2 grammes of sodium hicarbonate, with sufficient water to effect complete 

solution, arc placed in a loosely stoppered flask with 50 e.e. of ~ iodine solution, 

ancl allowed to stand at room temperature for foUl' hours. 
N 

5 
~ hydrochloric acid are 
N 

then added, and the excess of iodine titrated with 10 sodium thiosulplmte solution. 

-A_ Thiel, BCI'_, 35 LI5], 2760. Abstract .ronI'. ')OC. CI,,1//.. ind., October 31, 1902. 

Zn~(J, VOLUMETIl.1C DETERJUNAT.lON OF: A NEW REACTloN.-The author re
commends paper impregnated with a fj ]leI' cent. solution of tartar emetic as 
indicn.tor in the estimation of zinc hy standard sodium sulp11i<le solution, using the 
" drop" method. 'l'his remains colourless until the Illonosulphide has completely 
precipitated the zinc, when a tine yellow staiu is produced. The author claims great 
"ensihility for thc method and a great advantage o'-cr the lead indieator.
K Prothiere, .10"1'. Plw1'1". CILt?"., 15 [9j, 419-422. Abstract J"ltr. Soc. ClwlII. ind., 
j\la..y 31, 1902_ 

(el) METALLURGY-GENERAL 

ALU~llNIU~1 AS A HEDUGING .\ND HEAT-PRODUCING AGENl'.-A history and review 
of the u"es of ,dttminium in the production of f,UI'e metals and alloys with descrip
tions of thc various trade processes where its well-known characteristics arc made 
availablc. Its utility as a reducing agent in the Roessler-Edelmann modification 
of thc Parkcs process for desilverising lead. Us application to the galvanising of 
iron, to wrought iron and steel casting's are given as instance..; of its usc in small 
proportions to prevent injurious o!,idation of other metals. The Hossi process for 
the reductiou of titaniferon" iron ores, the Hall "luminia process for the production 
of pure.aluminia from bauxite, am! the Goldshmidt process, in which aluminium 
acts as a combined reducing and heat-producing agent, arc all briefly and lucidly 
described.-H. O. Hofman, Tee/malo!!!! (Iuurleriy, June 1902. 

A NEW FOim OF CUPEL.-.ln cupelling with the blowpipe the author, having lost 
a nUlllhcr of minute beads in ordinary cupcls, made various experiments to avoid 
this. At first he was fairly successful, wben completing the eupellation in a new 
cupcl, but sometimes the litharge was so completely absorbed that the bead was 
,letached and blown away. Finally he found that a Kaolin slab absorbed Or combined 
with a limited portion of the litharge and held the bead securely attached to its 
surface; also that the beads could he brought to a uniform shape for each size, 
J:,rlving a standard form for estimation of voll1lu8, 01' weight or microscopic measure
ment. The artiele describes thc method of making the Kaolin slabs, the most 
advanta.geous way of cupelling so a9 to measure the beads micrometricaUy, and also 
the method to make the standard form and sizc of heads of known weights eupelled 
in the Kaolin eupel for calibrating the micrometer to estimate the weight of beads. 
-Joseph Voyle, l1b:nin.'J and Scicnt(fic Press, JUly 19, 1902. 

COPP};H, REFIN1NG WITH MAGNESIUM. - Magnesium is now largely used in 
Germany as a deoxidising agent in producing copper of high conductivity 
for electrical purposes. \Vhen the molten copper is ready for casting the slap is 
skimmed off, and magnesium in the form of cubes or hydraulically-pressed rods 
previously heated, is plunged. below the surfaee. 'l'he lllagnesium may be enclosed 
in a thin case of sheet copper, or it may be bound with copper wire to the end of a 
copper rod, and the molten metal stirred vigorously with the latter. When the 
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magnesium is melter! a very energetic action is set up, free oxygen, together with 
that contained in the bath as cuprous oxide, sulphur dioxide, and carbon monoxide 
being expelled, whilst sulphur and carbon burn at the surface; the magncsia passes 

-into the slag. 'rhe copper, after this treatment, casts into perfectly solid ingots. 
The process gives satisfactory results, but careful manipulation is requircd, cspcci
ally to prevent loss of magnesium, by burning to waste at the surface. A better 
method is to use an alloy of equal parts of copper ami magncsium; this alloy 
is brittle, with a fibrous fracture and reddish grey colour, melts at 450' C., 
and has a sp. gr. 2'97. It dissolves in the copper bath without any Joss of the more 
combustible constituent. The alloy should be added 20 grammes at a time, and a total 
addition of 50grammes per 100 kilogrammes of copper (1 in 2000) is usually sufficient. 
A larger addition (1 in 1000) aets beneficially in improving the strength and density 
of thc copper. The coppcr-magncsium alloy may also bc used to improve gun-metal, 
bronze, brass, etc., for casting. Copper and copper a.lloys containing magncsium up 
to about 5 per cent. are likely to prove of value for technical purposes.-i',·Ge. ins!. 
Civ. Eng" 1902, 148 [2J, 44. Abstract Jom·. Soc. Chem. Ind., August 30, 1902. 

GROLLET PROCESS FOn EXTRACTlO>'I OF GOLD BY CRT-ORO BROMUHATlO>'I.-lt is well 
known that there are two chlorides of bromine, BrCI and BrCI". BrCI begins to 
dissociate at a tcmperattue of + 10' C. at a pressnre of 700 mm., but this dissociation 
is not sufficiently intense for the compound to exist at a higher tempcrature, or cven 
for it to be partially distilled. By the intervention of pressure the rapidity of tbis 
dissociation is diminished. The process is carried out by introducing' into the 
apparatus, preferably a rotating barrel, thc reagents (products serving to fOTIU 
chlorine and bromine), care bcing taken to add them in such quantity that there 
is a larger excess of chlorine. Water is added so a. to make the mass slightly liquid. 
The chlorinc acts on the gold in thc orc, at the same time the chlorides of bromine 
are formed, liquid compounds presenting all the signs of a dissociation becoming 
more stable under the influence of pressure. The chlorine in excess produccs a 
supplcmentary pressure, thanks to which the chlorides of bromine are formed. 
Conseqnently the chlorine dissolves the gold not only before the chlorides of bromine 
are formed, but also after, since it is in great excess. That is to say, when' chlorides 
of-bromine are formed inside thc apparatus with excess of chlorine, the dissolving' of 
this excess of chlorine is effected, the result being that the prcssnre is diminish cd ; 
the chlorides then dissociate, which results in the production of nascent chlorine ,md 
bromine, the chlorine always being iu excess, and conscquently incrcase ofi"rcssure, 
formation of chlorides of bromine and dissolution of a fresb quantity of gold by the 
free. chlorine resulting in a new diminution of pressure, and so on until the gold i:; 
dissolved. The gold is precipitated from the solution after filtration by any process, 
but preferably by sulphurous acid and sulphuretted hydrogen.-llfininp ,md Sc-ient.;Jic 
Pnss, J lily 19, 1902. 

LEAD RE~'lNING AT 'I'RAIL, B.C.-'l'HE BETTS ELECTROLYTIC PHOcESS.-The proccss 
has been put into practical use at the Canadian Smelting Works, in the little city of 
Trail, British Columbia. Thc lead bullion is smelted in the ordinary way, but 
instead of being cast into bars is moulded into plates 30 by 40 inches and an inch ill 
thickness. 'l'bese plates, constituting anodes, are electroJysed in a series of 28 cedar 
vats, lined with rubber composition, placed in rows of sevcn, each vat being 3 inches 
lower than the one above. 'l'he cathode is a steel plate and the electrolyte is a 
solution containing Icad fluosilicate and fluosilicic acid. 'I'his solution is prepared 
at the works by the simple solution of quartz in hydrotluoric acid with the subsequent 
addition of lead carbonate or white lead, which dissolves with effervesccncc. It is 
said to answer well ,IS an electrolyte and does not crystallisc out. Each vat contains 
22 anodes and cathodes, arranged at equal distances of 2 inches, and thc vats arc 
connected in _eries to two dynamos running in parallel, generating 2000 amperes 
each. The selective action of the clectrolyte dissolves the lead in the anode and the 
current transfers it to the steel cathode, leaving a skeleton of lead containing all thc 
impurities, including copper, silver, gold, etc., whilst the lead on the cathodc, 
stripped off and recast into bars, is claimed to be 99'999 C!) pel' cent. pure. 'rbc 
solution is circulated, being pumped back after leaving the last vat, and the anodcs 
takc about eight days to dissolve, weighing originally about 350 Ibs. each. The 
anodes, transferred to anothcr vat, where thc implll'ities, which have remained as a 
muddy slime, are washed from the skeleton sheet of lead, which sheefs are recast 
into anodes. At present the impurities are being shipped to tbe States, where thc 
values are separated. The capacity of the plant is 7 tons a day, and will bc 
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immediately increased. It is claimed that the Betts process is bound eventually to 
supersede the Parker process for desilverising lead.-G'an. llfin. Reuiew, January 
31, 1903, p. 5. 

OIL GAS FOR SMELTING.-Oil as a source of gaseous fuel for brass melting furnaces 
does not appear to have been so successful in this application as in other metallur· 
gical processes. Several manufacturera have expressed their opinions that the 
economy in fuel cost is lost in premature destruction of crucibles. 'l'he fact is 
explained thus: Blast is used with oil gas but seldom with coal and coke. Using 
blast, a cutting flame is thrown upon the crucibles, which attacks the graphite and 
consumes it. The use of solid fuel affords a protective glaze to the crucible, which 
tends to its preservation. One firm makes special crucibles for gas and oil furnaces 
Another has taken out gas plants and installed coke or coal burning furnaces. The 
remedy probably lies in ascertaining the best proportions of air to gas, and in 
a b\,tter regulation of the blast. - Extract from Page's Magazine, July 1902, p. 67, 
No. 1. vol. i. 

PYRITIC SMELTING.-Trlle 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 orc itself), still runs of twenty-four hours at a 
time have been made without an outside fucl, but slight irregularities compel a blow
out, and so partial pyritic smelting or the addition of some coke to the charge is 
used at present. ' 

Mattc smelting, as defined by Lange, being "thc smelting of ores composed of, 
containing, or giving rise to sulphides for the purpose of collecting their slimes in :L 

less quantity of artificial sulphides," pyritic smelting can be considered as a division 
under matte smelting, in that the wasting and smelting operations are carried on at' 
the same timc in the same 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 products in a thoroughly molten condition. 

When pyrite is roasted we find that one atom of sulphur is given off readily but. 
the other one clings to the iron mueh more tenaciously, and on its 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 havc available only 1291 calories per 
gramme. 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 regnlar use of a small amount of coke has been found beneficial, not only on 
account of the extra heat but also bccause of its helping to keep the furnace charges 
porous; it will also keep solid until consumed, while the pyrite has a tendency to 
fuse and trickle down the air passagcs, A large volume of blast is used through 
numerous tryercs of large area, and everything is done to make the process entirely 
an oxidi!"ing on8. 

Since the pyrite is apt to fuse, it is kept in the furnace as short a time as possiblc" 
whence comes the use of a short ore column. 

Hot blast is not essential to the process, but it tends to correct variations 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 a sufficient temperature to 
flow properly. Its advantages are, 1st: The extra heat it brings in causing less 
necessity for fuel; 2nd: Less fuel gives less consumption of oxygen, and so the 
oxidising power of the blast is not reduced by forming carbon dioxide; 3rd: 
Resulting from thc higher oxidising power of the blast will follow a higher sulphur 
content of the charge; 4th: It gives a more energetic action and increases the hearth 
temperature; 5th: Cold blast will cause the temperature to rise in the shaft, while" 
hot blast will bring about a lower position of the fusion zone; 6th: The increased 
temperature will permit the use of more siliceous, hence cheaper slags. 

The advantages to be gained by pyritic smelting are enormous, and if the true 
process can be developed there will be no further fuel bills; as it is, they are reduced 
more than half. There is no time wasted 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. 

RESULTS m' THE OIL CONCENTRATION PROCESS,-At a recent meeting of the lnst. 
Min. and Met. in London Mr Walter McDermott said, with regard to its application 
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to lead and copper ores, differences in the surface condition of the minerals affected 
the usefulness of the process. Apparently two copper ores of similar chemical com. 
position were sometimes different in physical properties, and would not work equally 
well with the Elmore process; and the same with silver· lead ores. The statement 
that the ~rocess c?uld ~e carried on with perfe?t c~eanliness had been borne out by 
the experience gamed m three plants now runnmg m England. There was no diffi. 
culty in keeping the oil in its proper place. The arrangements of the mill depended 
much upon the constructor and the manager. It was possible that, after the best was 
done by water concentration on ores, the oil might be found to make an additional 
saving.-Abstract Eng. and Min. Jom·., January 17, 1903. 

SMOKELESS COMBUSTION OF BITUMINOUS COAL-SCIENTIFIC CONSTRUCTION OF 
FURNACES AND CORREc'r CONDITIONS OF CmlBUSTION-BRITISH AND AMERICAN 
EXPERIENCES-AN INTERNATIONAL SYMPOSIUM-An article of extreme interest 
reviewing recent communications on this subject; Mr W. H. Booth's, read at the 
Belfast Meeting of the British Association; Mr A. Cary's in Iron Age; Mr T. T. 
Parker in the American lIfachinist; and others, all bearing upon varions features of 
the problem. 

We note the following pertinencies:-
"'rhe usual appliances for burning bituminous coal in practice are constructed 

with entire disregard of the true principle of combustion. 
"The modern steam boiler is, in fact, quite as primitive as a common pan set 

directly on a fire to boil. 
" The whole secret of burning' fuel smokelessly, is to obtain combustion in the 

furnace and combustion chambers, before any appreciable amount of the combustible 
gases meets the chilling water surfaces of the boiler. 

"'l'he igniting temperature of bituminous coal is between 700 and 800' F., while 
the temperature of the water in the boiler, and hence of the metallic surfaces close 
to the fire, is not more than half as much, and therefore complete combustion cannot 
be expected. 

" In most cases the admission of an excess of air does not remedy the evil-since 
the particles of carbon are floating in an atmosphere of nitrogen and carbonic acid 
-but merely serves to dilute the whole, absorbing heat, and passing out of the 
chimney, unused. 

"The remedy is obvious: Let the furnace be removed from its close proximity 
to the cooling surfaces of the boiler, and let it be surrounded by walls capable of 
being raised to a temperature higher than the critical igniting point of the fuel, and 
there will be no difficulty in burning all the combustible ingredients if sufficient 
oxygen be admitted. 

"'l'he fuel' contains a definite and ascertainable number of units; where it is 
possible these heat units are released in the sensible form; and if they do not 
escape through the walls of the furnace or up the chimney, they must be absorbed 
by the boiler and used in the evaporation of water. 

"The only fuel fit for household purposes is gas."-EniJinee1·ing Magazine, 
December 1902, p. 145. 

STATIC ELECTRICITY FOR ORE DRESSING.-Mr W. G. Swart has recently described 
in the EngineeriniJ and Minin,q Journal a static electric ore separator, invented by 
Prof. L. I. Blake and Mr L. N. Morscher, of Kansas. It has been found that most 
of the sulphides, and many of the other compounds of the valuable metals, possess 
high conductivity, whereas the gangue of an ore, quartz, lime, etc., consists largely 
of non-conducting material. If, therefore, crude crushed ore is brought into contact 
with a statically charged metallic surface the good conductors are instantly repelled, 
while the bad conductors are not repelled until sufficient time has elapsed to allow 
them to be pulled out of their original path and diverted into a separate compart
ment in .the machine. Compounds of zinc, however, are exceptions to thc above 
rule; so that, for example, an ore may be separated into a mixture of iron pyrites, 
copper pyrites, and galena in one receptacle, and into zinc blende in the other; or 
magnetic oxide and magnetic pyrites (of iron) may be separated from zinc SUlphate 
as long as the mineral is dry, and without the necessity for any preliminary roasting. 
The standard type of separator employed is a double one, 24 feet long, 81 inches 
high, and 41 inches wide, constructed almost entirely of wood and having but few 
wearing parts. It takes any material crushed to a mesh between 8 and 200, its 
nominal capacity being from 12 to 15 tons per 24 hours when working on blende 
concentrates of 30 mesh. Naturally, the capacity of the machine is largely 
dependent upon the mesh of the ore, coarse material passing through quickly and 
"fines" going more slowly. It is not necessary, or even desirable, that the ore 
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shall be closely sized, because the machinQ is. built in duplicate to take the fine on 
one side and the coarse on the other. The separator consumes about 1 h.p., which 
includes the energy required to generate thQ static charge. The electrical apparatus 
has been devised by the same inventors. It is built principally of metal and includes 
no glass; it is self·exciting and able to run continuously in the open air irrespective 
of weather, producing a voltage of 10,000 to 20,000. A test was made in the 
machine on Joblin jig concentrates, which contained about 44 per cent. coarser 
than 20 mesh and 56 per cent. finer. It gave on analysis 49'2 per cent. of zinc, 
.9'62 per cent. of iron, and 2'28 per cent. of lead. Without sizing or roasting the 
ore was run through at the rate of 16'1l tons per 24 hours, and gave an iron 
concentrate containing 39'24 per cent. of iron, 8'89 per cent. of lead, and 3'60 per 
cent. of zinc, and a clean zinc blende containing 60'69 per cent. of zinc, 2'03 per 
cent. of iron, and a trace of lead. The loss was 1'57 per cent., but this includcd the 
samples taken for examination. When the material was graded to 20 mesh. and 
the fine and coa"e put through separately and afterwards mixed, the clean zinc 
product carried 61'81 per cent. 0<' zinc. A sample of Colorado" black jack," run 
through without sizing at the rate of 12'83 tons per 24 hours. gave an iron concen
trate containing 35'14 per cent. of iron, 9'05 per cent. of lead, and 8'14 per cent. of 
'zinc, and a zinc blende containing 51'18 per cent of zinc, 8'80 per cent. of iron, and 
{)'60 per ccnt. of lead; the original material testing zinc. 30'37 per cent. ; iron, 20'14 
per cent. ; lead. 4'60 per cent. The machine is not confined in its action to ores of 
zinc. It is capable of separating most sulphides and arsenides, and some carbonates 
.and oxides from the gangue of silica or lime, in many instances the extraction being 
very high. This is particularly true of copper eulphide_ A machine has been in 
·operation at the works of the Colorado Zinc Company for some littlE' time, and 
others are to be laid down there shortly.-Elecl1·icnl Rev'iew, February 27, 1903. 
·(A.W.) 

THE BISCHOFF TIN S!IELTING WORKS, TAS~IANIA.-An interesting and compre
hensive account of the methods of extracting tin. The company deals not only with 
its own ore, but also with most of the alluvial tin from other parts of Tasmania. 
There is also some account of the history of tin smelting. The Mount Bischoff ore 
·contains notable quantities of iron, and the alluvial contains silica. Advantage is 
taken of this to produce a better CllSS tin than either would yield alone by judiciously 
blending the ores so that the iron shall combine with the silica. The furnaces are of 
the Cornish reverberatory typc. The refining of the tin is carried out in thc usual 
manner dcscribed in text-books, and the metal assays 99'8. It is gauged by casting 
a small bar, nicking the centre, and pulling the ends round, when, if pure, the 
arcbed surface will show a smooth, silky lustre. If the grain is broken or at all 
rough or pitted, the metal is not pure. One-tenth per cent. lead will condemn tin for 
the market, which is considered 'by the writer as carrying refining to a wasteful 
-extent for a metal which finds its chief use in alloys. 

The slags carry as much as 20 per cent. tin, and are separately smelted with small 
·coal and lime, and, if required, scrap iron or iron ore. The resulting slag still 
contains as much as 5 per cent. tin, but cannot be profitably worked. The metal 
Tecovered from the slags is largely alloyed with iron. and is thrown on the furnace 
·charge of ore. Assaying is done by the cyanide method in the case of ores, but the 
potassium cyanide must be pure and. the ore of high grade. The author refers to 
the need of a speedy wet method for the assay of tin ores, and points out the difficulty 
of getting all the tin in solution by standard methods. He proposes two new 
methods, which, he says, give speedy results: (1) Mix 0'5 gramme of the finely 
powdered oxide with 3 to 4 grammes sodium peroxide in a small nickel dish, using a 
.short platinum wire as mixer. Hold the dish in a pair of iron tongs over a Bunsen 
burner at a dull red for five minutes, giving the dish a circular motion to prevent 
·settlement; then give it three minutes of somewhat stronger heat. Wash out with 
water and dissolve in hydrochloric acid. A complete solution is obtained. Rcduce 
with metallic iron to stannous chloride (with precipitation of arsenic, antimony, 
copper). filter, evaporate to dryness to remove silica, and estimate the tin as oxide. 
The author apparently does not favour the volumetric processes existing, as he 
·deplored the want of a good method. (2) Fuse some metallic sodium and drop 
the tin ore into the molten mass. 

His method of assaying tin slags is to fuse with caustic soda in a silver crucible, 
dissolve in hydrochloric acid, evaporate to dryness to remove silica. Take up again 
with hydrochloric acid, precipitate with sulphurettcd hydrogen, and weigh as SnO •. 
Slags may alsO be heated with strong hydrochloric acid in a sealed tube to 2000 C., 
when the whole of the tin passes into soilltion.-Aus . . lIfin. Stan .• April 2, 1903, 

462-3. (A. W.) 
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45 2 Notices and Abstracts 

THE CONCENTRATION OF ORES BY OIL.-For many years metallurgists eonnected 
with all the mining centres held to the belief that the separation of the metalliferous 
and valuable portions of ores from the gangue with which they are associated' must 
depend upon the difference of speeific gravity of the mineral particles and the 
rocky constituents of the ore. Discoveries, however, especially in the engineering 
world, are nowadays constantly being made. A new method of concentration has 
come to the front, which does not depend in the slightest degree upon specific 
gravity tor the separation of the rock from the mineral, while the percentage 
recovery is equally good when treating slimes and finely divided minerals, such as 
would largely pass away as .. float" in any ordinary process of concentration by 
water over mechanical jigs and vanners. In fact, as events have proved, the Elmore 
process for concentration of ore, slimes, and taiiings, by the use of oil, is likely to 
inaugurate a distinct addition to the field of ore concentration'. The machine 
devised by the Messrs Elmore is simple in construction, and it is claimed that 
it does its work perfectly. The plant consists mainly of devices for mixing the 
material with the oil and removincr the latter, with its load of mineral, to the 
centrifugal machine. The mixing is done continuously and automatically in a 
revolving drum, to which the watery pulp flows from a crushing plant, and to which 
oil is piped from a tank. Helical blades in the revolving cylinder mix the material 
and pass it through the drum and out to a pointed box called a spitzkasten. Here 
the oil floats on the water with its load and overflows at the top of the box. The 
earthy waste and the water go to the pointed bottom and are drawn off. Some of 
the values remain in the tailing, and so they are passed through two other drums. 
The oil and mineral go to the centrifugal machine, which washes at a very high 
speed, and which is so arranged that the oil leaves the heavier mineral and flows off. 
For greater efficieney the mineral is passed through a second centrifugal machine. 
When dealing with close extraction three mixing cylinders are sometimes used, the· 
pulp passing from one to another, after floating off the oil and collected material, 
and receiving a fresh stream of oil in the next mixer. A second centrifugal machine· 
is also found desirable below the first to separate the last of the oil and water from 
the concentrates. These are left in the machine, practically dry and free from oil. 

It appears certain that the process has a great future, particularly in cases of' 
difficulty by water concentration arising from brittleness or lightness of minerals to. 
be separated, or from heavy gangue accompanying the minerals, such as heavy spar, 
magnetite, garnets, rhodonite. It would not appear to matter h0w finely the mineral 
breaks. If it is a mere scum on the water surface, contact with the oil in the agitat
ing cylinders assures recovery of the float values. Where water is scarce the process 
has a great advantage, for the rock can be crushed with the minimum quantity used 
in regular wet stamping, and by setting can be used over and over again, as,;fortun
ately, muddiness of the returned water is no disadvantage. Another point in favour 
of the process is that very little attention is required for the control of the process, 
while considerable variations in quantity of oil supply and temperature are allowable, 
and unskilled labour can be used under the ordinary intelligent snperintendence 
necessary in any mill. The plant is much simpler than that of an ordinary concentra·· 
tion mill; it is not expensivb to instal; it is subject to little or no wear and tear, and 
can be put below any wet crushing machinery. In existing mills, where heavy loss· 
in slime occurs, this process can easily be added as an auxiliary plant.. Material as' 
coarse as 20 mesh has been concentrated. The loss of oil has been found at 
some mines to be ll; gallons per ton of ore treated, and it may be taken as varying· 
according to ore and other conditions between 1 and 3 gallons per ton. The oil is 
of a very cheap class, and its cost may almost be said to be the cost of transport to any' 
other particular place. 

The concentration depends on the surface condition of the material, and generally 
it may be said that metallic surfaces are attachable to the oil and earthy surfaces 
not. Nevertheless, sulphur, earthy-looking cinnabar, graphite, molybdenite, and 
atacamite, which migbt not seem to possess promising surfaces, are most successfully 
taken up by the oil. Tellurides, which are difficult to concentrate by water, and from 
their gold and silver values need close sltving, are eltsily concentrated by this process. 
Some oxidised gold ores, in which the metltl is so fine as to defy amalgamation, hltve· 
given good results, and average banket gold ore from the Rltnd mines, without Itny 
previous arrutlgamation, has yielded a high extraction and rich concentrate. These 
three cbsses promise a field for the process in direct competition or in conjunction 
with cyltniding. Where an ore is heltvily mineralised the adoption of the oil pro. 
cess by no means precludes the employment of witter concentration plant, especiltlly 
where such is already installed. The contrary is, indeed, the case, water and oil 
concentm~ion systems ·being· frequently capable of advantageous combinlttion, the, 
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former supplementing the latter, and rendering it more efficient. Where gold occurs 
both finely disseminated through the quartz or other ore matrix, and also in associa
tion with pyrites, tellurides, or refractory minerals, the oil process offers a ready 
method of treatment.-Afi'ican World, January 31, 1903. 

'rHE DAVIS PROCESS for extracting gold and silYer from their ores in one operation 
-consists in chlorination and subsequent treatment with cyanide. Silver and gold 
-chlorides being soluble in potassium cyanide are converted into gold and silver 
potassium cyanide salts. It is claimed that the consumption of cyanide by this pro
-cess is not much higher than in ordinary cyanide practice, and that the gold and 
silver are precipitated from the solutions in the same manner as in other cyanide 
{)perations. The efficiency of the process has been demonstrated with old crushed 
tailings which had previously resisted treatment by chlorination, cyanide, or other 
leaching processes. Mill tailings which left 55~ per cent. of their assay value in the 
pulp after orciinary cyanide treatment, have yielded all up but 6~ per cent. of their 
gold and silver.-ll1ines and Minerals, Denver, Colorado. 

THE TELLURIDE REDUCTION COMPANY have constructed a plant at Colorado Springs, 
which provides for dry crushing, sampling, roasting, leaching by bromination, and 
treatment of slimes by the Reicken process. After roasting a separation is made of 
the fine from the coarse material. The latter is subjected to the bromine leaching 
process by methods similar to those used in cyanide work. A high extraction is 
claimed for the use of bromine, which is said to be specially applicablc to telluride 
ores, and a complete recovery of the bromine is said to be another feature of the 
work done. In the Riecken process gold and silver are recovered by amalgamation, 
.the "rusty" gold being cleaned by cyanidc and rendered capable of amalgamation. 
Only a small percentage of the valuable metals is supposed to go into solution, the 
ehief recovery being by amalgamation. The capacity of the plant is at present about 
100 tons daily.-Mining Reporter, Denver, Colorado, June 1902. 

(e) METALLURGY-MILLING 

AMALGAMATION.-(a) Sodium in the presence of water will make floured mercury 
eoagulate; (v) hydrochloric acid has no action on mercury; (c) when sodium 
amalgam is rubbed up ~ith moistened arsenious acid, arsenic separates as a blackish 
powder, but does not combine with the mercury; (d) mercury and iron do not 
combine directly, but iron can be amalgamated by means of sodium amalgam. 
When iron amalgam is exposed to the air, a coating of greyish black oxide of iron 
forms on it; (e) run mercury down a glass plate. If it contains 1-4000th part of 
lead it will adhere in the form of a thin film to the glass plate; (1) sodium 
amalgam=Hg1zNaz-is best prepared by heating pure dry mercury gcntly in a 
flask or basin and throwing in small, dry, clean chips of sodium freshly cut from 
a lump of the latter metal, one piece at a time, until sufficient has been introduced. 
Sodium amalgam can only be preserved in air-tight vessels; (g) small quantities 
of mercury may be fairly well cleaned by vigorous shaking in a bottle (only quarter 
full) with a little crushed loaf sugar and afterwards filtering through a cone of stout 
blotting-paper which has a small pinhule at apex of cone. 'l'his method of filtration 
may always be used to) remove suspended impurities; (h) gold that has been heavily 
pounded, and is therefore in the unannealed condition, i.e. in a state of tension; 
will not amalgamate.-Prof. Eggleston's "The Metallurgy of Gold, Silver, and 
Mercury in the United States, 1890." 

MILLING.-To find H.P. necessary for a battery of stamps, multiply the weight of 
one stamp by the number of stamps in the battery; the height of lift in feet by the 
number of lifts per minute; add one-third of the product for friction; the result 
will be the number of foot-pounds per minute; divide by 33,000; the result will be 
the H.P. required. A 900-poWld stamp, in a 5-stamp mill, with a 9-inch lift, 90 
drops to the minute, would thus figure out :-

900 X 5 = 4500 X i = 3375 X 90= 303,750, one-third of 303,750 = 101,250, which 
added to 303,750 = 405,000 7 33,000 = 12'272 H.P., or about 2~ H.P. for each 
.stamp.-llfining and Scient1fic Press, February 11, 1899. 

. W AIHI AND DRY CRUSHING.-Mr Percy Morgan at the recent meeting of the 
Australasian Institute of Mining Engineers read a paper on "The Rise and Fall of 
Dry Crushing on the Hauraki Goldfields," in which he pointed out that in the early 
days of the Hauraki Goldfield (1866 to 1889) almost the only system of ore treatment 
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was wet crushing, followed by copper-plate amalgamation. This system answered 
fairly well for the bulk of the gold-bearing quartz of the Thames and Coromandel 
districts, where the gold occurred chiefly in the form of visible particles and there 
was not much silver, but failed with most of the ore found in the Upper Thames or 
Ohinemuri district, especially in the Karangahake and Waihi portions of the field. 
This was before the cyanide process, the usual prescription of the mining "expert" 
being smelting. At Karangahake many attempts were made to discover a payable 
method of treatment for the so-called "refractory" ore, and the district struggled 
along for years without adding materially to the production of gold in New Zealand. 
About 1887, the year in which MacArthur and Forrest patented their cyanide process, 
the now famous Waihi Company was organised, principally by aid of British capital, 
in order to take over the Union and Rosemount claims, adjoining the Martha Com
pany's ground, which was presently to be absorbed by the British capitalist. Great 
successes followed the introduction of the cyanide process, leading to the universal 
adoption of dry crushing in the Ohinemuri district. Profiting by the experience of 
the Martha Company, the Waihi Company decided to adopt dry crushing, succeeded 
by pan amalgamation, as their system of ore treatment. After referring to battery 
improvements on the Hauraki Goldfield, the writer pointed out that the average 
extraction resulting from the pan amalgamation system was much better than had 
been obtained in the wet crushing and copper-plate amalgamation battery, but was 
still moderate, being from 60 to 70 per cent. of the gold and 45 per cent. of the silver_ 
Passing on to the introduction of the cyanide process, Mr Morgan showed how 
important a part it played in the development of dry crushing, which reached its 
zenith during 1896 and 1897, every battery on the Ohinemuri district dry crushing 
its ore. The undisputed reign of the process, however, was "hort. During 1897 
Mr F. Daw, superintendent of the New Zealand Crown Mines, introduced a wet 
crushing system which gave excellent results, and the new departure was speedily 
followed by the Komata, Waitekauri, Waihi-Silverton, Woodstock, and other com
panies. The Waihi Company also began to come into line, and built 100 head of 
stamps at Waikino specially for wet crushing. At the beginning of 1902 the older 
100 head at this place were converted into wet crushing stamps; and, finally, at the 
beginning of the present year, the adaptation of the Waihi battery to the system in 
vogue at the Waikino mill brought the reign of dry crushing on the Hauraki Gold
field to a close. Mr Morgan went on to give an exhaustive description of dry crushing 
as practised in the Ohinemuri district, following this up with some useful hints for 
the prevention of dust in dry crushing batteries.-New Zealand Jtlines Rec?,·d. 

(j) METALLURGY-OYANIDING 

ASSAY OF CYANIDE SOLUTIONS. 
(a) Mercuric Chloride Test.-" l. Prepare a solution of mercuric chloride in water, 

100 grains to 1 oz. ; keep in glass stoppered bottle. 2. Take 8 ozs. or 10 ozs. of 
solution to be tested accurately measured. 3. From a burette run in mercuric 
chloride solution to excess, i.e. until a drop of mercuric solution produces no 
further precipitate. 4. Filter, wash the precipitate, dry. 5. Flux with same 
fluxes as for evaporation test in a small crucible in the muffle; pour. 6. Detach 
lead button; cupel in hot cupel. 7. Weigh fine bullion, part; weigh gold, and 
calculate 8-oz. or IO-oz. assay table, according as 8 ozs. or 10 ozs. were used." 

(b) Zinz Dust lofethod.-' , l. Carefully measure 8 ozs. or ~O ozs. of the solution to 
be tested; to this add 20 drops of bichromate solution. 2. Run in strong nitrate 
of silver solution until the deep red colour of chromate of silveI' appears; this shows 
the consumption of all cyanide and precipitation of gold and silver as argentic
auric cyanide. 3. Add 100 grains of sinc dust; mix thoroughly. 4. Add sufficient 
sulphuric acid to dissolve all the zinc, when all evolution of hydrogen has ceased. 
6. ]<'ilter, wash the precipitate, dry. 6. Wrap the precipitate in lead foil; place 
in hot scorifier, melt, pour; place in cupel. 7. Dissolve all silver out with nitric 
acid; weigh and calculate the gold."-Extract from Gaze's" Practical Cyanide 
Operations," pp. 159-151, published by George Robertson & Co., Melbourne and 
London. 

CUPRIFEROUS CYANIDE SOLUTIONS.-To all of us who have had before us the copper 
problem, zinc has, by its apparent action in the boxes, suggested itself as a pre
cipitant from fresh, clean, sheet zinc to zinc aided by the electric current. I have 
not been able to find that the precipitation of copper by zinc alone, lead coated, or 
electrically connected, is rapid enough or economical as a precipitant of that metal 
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iI? alkaline. soluti~ns. William .Or! has patented the idea 'of replacing 'cop er b 
ZIllC, electncally mded, as a prehmmary to' the exchange of sodium cyanide for~opp y 
cyanide by his form of the soluble sulphide method. er 

Now, even with the aid of electricity, 'the exchange of zinc for copper has been 
found to be so diffused and, consequently, so costly, that it is not held (by the Gold 
and Silver Extraotion Company, the owners of Orr's patents) to have any merits Over 
the same partial exchange made chemically. 

But even if the precipitation of copper by zinc were rapid and complete I can 
hardly see how the exchange of a practically similar weight of one metal at Ii cents 
a pound here for another at, say, 6 cents a pound at the smelters can be economy 
without at the same time a recovery of the valuable cyanide held up. There would 
appear to me to be only one case where this idea would offer some help in the treat
ment of a slightly cupriferons ore, and that would be when water was exceptionally 
scarce. 

My experience in this field has been that, where one has to encounter a steady 
solution of copper by every cyanide wash put on, the increase of that element to the 
fouling point cannot be economically prevented by the use of zinc, even with its 
activity increased, as it undoubtedly is, by the use of lead acetate. 

With a good spongy coating of lead 011 the zinc the precipitation of copper is at 
first very good, the copper coming- down in a loose spongy form, but the whole 
trouble is that it is not, like that of the gold, continuous. When one thinks of the 
weight-for-weight idea and the relative weight of copper and gold present in solution, 
this seems reasonable enough. Of course once in a while one might meet conditions 
where the increase in copper in solution was so slow and sure that it could be held 
in check by the preparation of a relatively large area of zinc-lead and run!'ing the 
already gold-precipitated solution through this, bllt it is very questionable if this is 
as economical as the older and much simpler method of discarding a sufficiency of 
the solution (low in free cyanide) and di,placing it "ith fresh solution at such 
intervals as will keep the bulk of the working solution under the limit in copper 
contents. 

Here we, for the best part of a year, have had copper showing readily on the fresh 
zinc, yet never increasing materially in the solutions beyond '06 per cent. to '08 per 
coot. 

I have been attacking this copper problem and have been able to elicit the follow
ing facts: When a cyanide solution containing copper is rendered acid the preci
pitation of copper is complete, and if there is a large quantity of copper any gold 
values present are also precipitated. Next, if such a solution be filtered and made 
alkaline with caustic soda there is a recovery of the free cyanide evolved in th", pre
vious reaction. So far as I am aware the possibility of such regeneration has not 
been previously suggested. This recovery of cyanide would indicate that the cyanide 
of copper thrown down in an acid solution is one that is high in copper and relatively 
low in cyanide, but I have not had time to determine its actual percentage composi
tion. The fact that the gold values, when low, as they would be in the sumps, are 
also precipitated is cited as an additional advantage. 

These are the details of two experiments I have made: I took some copper foul 
solution from the weak gold tank, testing '01 per cent. of free cyanide anc! showing 
blue and murky in the tank. To this was added sulphuric acid at the rate of 6lbs. 
per ton. The precipitation of the copper was complete. Indeed, I have been in the 
habit of using this method for its separation in the quick estimation of copper in the 
working solutions. The clear solution tested '11 per cent. potassium cyanide. 

It is remarkable that even when the cyanide solution is warmed before the addition 
of the acid that it does not immediately give off its hydrochloric acid. To show this 
I carried out another experiment on this Same original solution as follows: To the 
heated solution I added sulphuric acid at the rate of 211lbs. to the ton, and filtered 
immediately into a solution of soda equal to 5 lbs. per ton. The copper free solution 
then tested '075 per cent. potassium cyanide. When the original solution carries 
considerable free cyanide to begin with the gain in cyallide is not so marked. 

But if Scrymgeour's idea is correct that a copper cyanide solution, low in free 
cyanide, is capable of dissolving copper in such amount as to render further treat
ment by clean cyanide solutions possible, without excessive consumption of cyanide, 
then the preliminary weak wash, as used in the Lydenburg field with this intention, 
is just the one on which this scheme of acid precipitation would be an improvement 
on the process.-Abstract in Science ('.nd A,·t of lllin'inq, June 6, 1903, of paper by 
H. A. Barker, read before Inst. of Min. and Met., May' 1903. CW. A. C.) 
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No#ces and Abstracts 

CYANIDATION AT. THE HmmSTAKE MINE.--A rcview of the surface equipment and 
. metallurgical methods in use at this mine. 

The ore is described as a horn-blendic garnetiferous schist, crushed and cemented 
,by silica and pyrites, the latter constituting 7 to 8 per cent. The ore also contains 
.pyrrhotite, arsencrpyrite, and traces of chalcopyrite. 
. .Milling.-The ore is first crushed in rotary breakers. The batteries are provided 
with narrow mortars of the Homestake type, stamps of 900 Ibs. dropping 10~ inches 
.~ighty-eight ti'."es per minute. ~eiijht of discharge is 10 inches, and the stamp duty 
Is 4 tons per diem. The screenmg IS the steel needle-slot type No.8. N otwith
standing height of discharge, the character of the ore lends itself to rapid crushing 
giving an extremely fine pulp, 80 per cent. of which will pass the I OO-mesh screen. ' 

Both inside and outsidc amalgamation are used, and the outside plates are four in 
number, gi'ing the yield by amalgamation of 70 to 75 per cent. '1'he maximum yield 
is obtained when temperature is below 50° F. , 

Classificat'ion.--Sizing tests show that 22 per cent. of the pulp remains on a 100-
mesh screen (linear) and 18 per cent. on a 200-mesh. It is led from the mill into 
sizing cones, where the slimes are partly removed then into more sizing cones, and 
then into what are described as conical hydraulic classifiers with a patcnt device for 
separating the sands. The author draws comparisons between his system of classifica
tion and the spitzlutten and spitzkasten, which he characterises as very imperfect 
machines. 

Treatment.-Lime is added (in the form of fresh pulp) to the sands leaving the 
cones, in quantities varying from 3 to 5lbs. per ton, and the vats fill by distributors of 
the Butters and Mein type. After draining, a '14 per cent. solution of cyanide con
stituting, the strong solution is pumped on. Frequent draining is resorted to to 
ensure aeration and solution of the gold, and the solution, which is said to have an 
effluent strength of '14 per cent. potassium cyanide, is run into one of the two pre
cipitating tanks and stored till the tank is full. The second treatment consists of 
a wash of 0'10 per cent. potassium cyanide, which is run into storage for making up 
to strong solution, and finally a water wash is given to replace the cyanide as far as 
I ,ractica ble. . 

P1"ecipitation.-Only the strong solution which has been collected in the precipita
tion tanks is treated, the wash solution after making up becoming the strong solution 

.for the next vat. The precipitating tank holds 300 tons of solution, which is 
agitatcd by compressed air and 60 Ibs. zinc dust sprayed in; then it is all pumped 
through a filter prcss, passing to weak storage vats. The filter presses are run 

,without opening for a month. 
Refining.-The precipitate removed from the presses is agitated first with dilute 

,hydrochloric acid, and after setting, the supernatent liquid is passed through a filter 
press. This is followed by similar ,treatment with SUlphuric acid with the addition 
of heat, and finally the prccipitate is washed and pumped into the filter press. It is 
partially dried in a steam heater and briquetted with litharge, borax, silica, and 
powdered coke, and charged into the cupcl. The briquettes melt quietly and 
quickly at a low heat, the slag is tapped, and the Icad cupelled giving bullion 97.5 
to 985 fine.-By C. W. Merrill (Associate). (A. W.) 

CYANIDE Porsox AND ANTIDOTK-The Victorian Mines Dcpartment has done good 
service by issuing instructions, printed on linen for posting in cyanide works, on how 
to proceed with the treatment of a case of cyanide poisoning in the absence of 
medical assistance. The subject is one to which close attention has been repeatedly 
devoted in these columns, because of the special urgency of cases calling for 
remedial measures, and therefore the fullest possible prominence is given to these 
clear directions, issued on duly qualified authority. The matter is one ilJ which Mr 
H. Jenkins, the Victorian Government Metallurgist, has taken keen and well sus
tained interest, and acting in co-operation with him, Dr Martin of the Melbourne 
University, recently made experiments in regard to the action of certain antidotes 
on cyanide poisoning, and it is he who has prepared the instructions which have now 
been issued with a first aid apparatus and stomach pump. In the instructions it is 
set out that everything depends on prompt action, for the chance of recovery is 
extremely small after the lapse of a very few minutes if a fatal dose has been taken. 
The first care must be to neutralise the rapid poison by the antidote, and then to 
empty and wash out the stomach as soon and as completely as possible. The 
antidote consists of two solutions sealed up in bottles, and a sealed powder. The 
two solutions are to be first mixed in the tin vessel in which they are packed, by 
breaking off the sealed' ends of the bottles. The tube containing the powder is also 
to be broken, and the whole of the powder added to the mixture, and the dose is to 
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Notices ana' Abstracts 457 
be administered as soon as can possibly be done. If the patient is still conscious he 
must drink the antidote at once, without waiting for the insertion of the stomach 
tube; but if not conscions and not responsible then a small gag must be firmly inserted 
between his teeth, so as to prevent the stomach tube from being bitten off, and the 
tube is then to be passed down his throat and into his stomach. The antidote is 
then to be poured down the tube, and is then to be followed by some water. In any 
case, either before or after the antidote has been taken, the stomach tube is to bc 
inserted, 'and about half a pint of water is to be poured down it, the patient being 
placed in a reclining position, a little raised from the ground. The insertion of the 
tube may produce vomiting; this, however, is entirely favourable to the course of 
treatment. When the last of the water is placed in the funnel, and before it has all 
descended into the tube, the funnel end of the latter is to be lowered so as to cause 
the tube to act as a syphon, and the stomach emptied, as much as possible, of its 
contents. Fresh water is to be poured down the tube and the stomach again emptied, 
and this is to be repeated several times, so as to thoroughly wash out the stomach. 
When this has been done the tube can be withdrawn. If the tube be not at hand, 
every endeavour must be made to induce vomiting after the administration of the 
antidote, whilst an equal endeavour must be made to cause the patient to swallow 
more of the antidote between the intervals of vomiting, if the administration be not 
already and completely made. As soon as the stomach has been satisfactorily 
emptied and washed and the stomach tube withdrawn, steps should be taken to 
bring about artificial respiration, should the patient appear to be in a state of collapse 
and his breathing have ceased to be noticeable. The application of smelling salts or 
ammoni" to the nostrils may itself induce breathing again, but if this be not im
mediately successful the patient should be treated as is done in cases of partial 
drowning or suffocation by Dr Sylvester's method. The package for treatment 
should consist of a tin vessel with lid in which are packed (a) an hermetically sealed 
bottle, containing 7J,; grammes of ferrous sulphate dissolved in 30 c.c. water; and (b) 
an hermetically sealed bottle, containing It grammes of caustic soda dissolved in 
300 c.c. water; ana (c) a tube containing 2 grammes of magnesia. There should 
.be also a gag for the purpose of opening the clenched mouth of an unconscious 
person, and a stomach tube that can be passed through the gag and down into the 
<Esophagus into the patient's stomach. Finally, it is urged that the apparatus should 
never be allowed to be removed from its place, and always kept in prominently 
marked positions in the works.-AustTalian Mining Standa.·d, May 29, 1902. . 

CYANIDE PHACTICE IN THE TELLUlUDE DISTHICT, COLOHADO.-At the Liberty Bell 
Cyanide Works the method' of treatment consists in draining the upper vats under 
suction, and adding lime at the rate of 4lbs. per ton of sands. Weak solution (3Ibs. 
cyanide per ton) is then pumped on to displace the water retained in tbe sands. 
This is washed to waste until cyanide is detected and run through tbe waste solution 
2-inch box. At a strength of 1 lb. per ton it is diverted into the weak solution box. 
After several days' treatment, the npper vat is drained and lowered to the vats 
underneath and the sands are washed with strong solution containing 6 Ibs. of 
cyanide per ton. 'fhe treatment here lasts four days, and the strong solution is 
displaced by the weak washes and water until the strength falls to 7lbs. per ton, whcn 
the vat is ready to sluice onto The strong solutions have a total alkalinity equal to 
about 5 Ibs. lime per ton, of which about half is due to cyanide and half to dissolved 
lime, so that the solutions are considered to be virtually a saturated solution of 
caustic lime. The cost of cyaniding 4000 tons per month is between 60 and 70 cents 
per ton, and the consumption of cyanide varies between '75 and 1 '25 Ibs. per ton of 
ore treated. 'fhe zinc consumption is '03 or '04 lb. per ton. The extraction averages 
about 67 per cent., the residues containing about 85 cents per ton.-l1Iines nnd 
,llIineTals, Denver, Colorado, April 1902. 

CYANIDE PUOCESS FOH EXTRACTING PRECIOUS METALS FHOM OHES (B. W. Begeer, 
Colorado).-For the solution of 2 atoms of gold by potassium cyanide solution, it is 
necessary to supply 1 atom of oxygen. In cases where the quantity of gold is large, 
the oxygen dissolved in the water will not be sufficient. According to this invention, 
an excess of oxygen is preserved in the liquid by circulating the cyanide solution in 
an endless path through a centrifugal pump, and providing, at the place where the 
suction pipe enters the centre of the pump, an inlet for air, which is thus thoroughly 
incorporated with the liquid.-J. F. B., JOU1'1wl of the Society of Chemical Ind1<stry, 
April 1902. (U.S.A, Patent.) 

CYANIDE SOLUTIONS-A TEST "OR PHECIOUS METAL-CONTENTS.-'fhis test is based 
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upon the fact that' met"llic copper will precipitate gold and silver upon its surface 
from acid solutions. Of course the fact is not new, but its application is probably 
so. I have used the method with success; it recommends itself by the rapidity and 
ease with which it may be carried on. 

An auriferous cyanide solution, if made acid with sulphuric acid and boiled with 
finely divided, pulverulent, metallic copper, will, within a short time, deposit its gold
content on the copper. Any silver in the solution is also precipitated. If this 
mixture is now filtered, the filter and contents may at once be subjected to a 
crucible assay treatment, and its lead buttons cupelled and determined. 

If, instead of taking cement· copper, or any metallic copper-powder, a solution of 
bluestone is used after aciditication, and a few small pieces of sheet aluminium are 
added, and the solution boiled until all the copper has come down, the result "s to 
the precipitation of gold and silver is the same. This modification takes more time 
and attention in boiling. If aluminium has been u'sed it should go into the crucible 
with the filter and its contents. Commercial cement-copper is particularly fitted for 
this test, because the acid, in taking up any basic-iron or copper-salts of the cement
copper, renders the copper "s finely divided as it is customary' to obtain it in the 
sluice-boxes of "copper leachers." The finer and the more pulverulent the copper 
is the greater is its surface and the more energetic the precipitation, thus permitting 
a minimum amount of copper to be used. 

In applying the method I use, as a rule, 25 c.c. of the solution to be tested; add 
a few c.c. 6f sulphuric acid; agitate for several seconds, and then add not less 
(although not much more) than one grain of cement-copper. Now follows heating 
to boiling. This is kept up for about ten minutes, so that the rising steam-bubbles 
keep the mixture well agitated. The mixture is then filtered through. a 7 -inch 
diameter grey filter-paper. No washing is done. As soon as the filtering is finished 
one-third of a crucible-charge of flux is added to the filter containing all the 
sediment of the mixture. Some of the moisture is rapidly absorbed by the flux, 
which permits the folding of the filter's rim upon the charge and its subsequent 
removal without loss or tearing. One-third of a crucible-charge of flux having 
previously been .placed. upon the bottom of the crucible which is to be used for 
melting, the filter is transferred to the crucible, well tucked down, and the last one
third of the crucible-charge is placed on the top of the filter in the crucible. It is 
then ready for the furnace. The filter itself furnishes the reducing agent for the 
assay. I use 30 grammes litharge and the usual amount of borax and soda, employ
ing a No. F crucible for melting. About 20 grammes of lead are obtained. The lead 
button comes out bright and clean, and upon cupelling furnishes a bead free from 
copper. 

Possibly this method of testing for gold and silver may be used upon other 
solutions than cyanide; also, for solutions from testing metallic copper for precious 
metals, when the solutions do not contain nitric acid in any form.-Albert Arents, 
Alameda, California, Transactions of the American instit'ute of Mining Enpineers, 
February 1908. (S. H. P.) 

CYANIDE SOREs.-"These painful affections 'may arise from two principal causes: 
first, from dipping the hands or arms into cyanide haths' to recover articles which 
have dropped into them-a very common practice and much to be condemned; and, 
second, from the accidental contact of the fingers or other parts of the hand, on 
which·a recent cut or scratch has been inAicted, with cyanide solutions. In the 
former case, independent of the constitutional mischief which may arise from the 
absorption by the skin of the cyanide saits, the caustic liquid acts very freely upon 
the delicate tissue of the skin, but more especially upon the parts under the finger 
nails. We have known instances in which purulent matter has formed under the 
nails of both hands from this cause, necessitating the use of the lancet and poultic
ing. Again, when cyanide solutions came in contact with recent wounds-even 
very slight cuts or abrasions of the skin-a troublesome and exceedingly painful 
sore is sure to result, unless the part be at once soaked in warm water; indeed it m 
a very good plan, after rinsing the part in cold water, to give it a momentary dip 
in a weak acid pickle, then soak it for a few moments in warm water, and after 
wiping the part dry with a clean rag or towel, apply a drop of olive oil and cover 
up with a strip of thin sheet of gutta-percha."-Extract from Elect1'o Deposition, by 
A. Watt, p. 511. 

INTERACTIONS OF GOLD AND ZINC, - In some investigations of the radiant energy of 
metals, and their interrelations, I found certain relations between gold and zinc, that 
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Notices and Abstracts 459 
I did not find between any of the other metals then tried. This relation was of such 
a character that I thought it probable that wherever these two metals were together, 
and free to act, there might be some freak action -by toat term I mean unexpected 
results from unknown causes. Precipitation of gold from cyanide solutions by zinc 
is noted as attended by wide variations in results; this recalled to my mind the above 
observations, and I determined to investigate the subject. 

I found four distinctly different forms of precipitation of gold, and one form of 
some other metal on the gold. There may be others. As they are all im porbnt 
to cyaniders, and suggest where to look for losses, I note them for consideration, 
as:-

No. 1. The gold is precipitated in a dark coloured flocculent form, which rises 
readily if the solution be agitated, hut sinks readily in still water. It is easily washed 
clean from the zinc. 

No.2. 'l'his is, at first sight, the same as No.1, but some of the precipitate adheres 
to the zinc in spots; on trying to remove these spots with a knife, they brighten, and 
show metallic gold strongly adhering to the zinc. 

No.3. There is no flocculent precipitate formed, but the gold is precipitated On 
the zinc in a fine granular metallic form; it is easily washed off the zinc, and sinks 
at once. 

No.4. The gold is deposited on the zinc as a metallic plating. 
No.5. This has only been observed once. I wished to know if an often used 

solution acted in any way different to a new solution. An often used solution of 
cyanide was poured on gold filings; for a time all went apparently as usual, the 
finest particles disappeared, and the larger were being reduced in size, when the 
largest became covered with a white film, somewhat as if mercury was present, but 
the usual adhesion of amalgam was absent. The whitened grains grew larger, and 
all the remaining gold took on the same appearance. Whether the gold was all 
displaced, or plated with some metal, was an important question; a visual examina. 
tion gave no information; the grains were put in a lead cornet, melted, scorified, and 
cupelled, resulting in a gold bead of about thc size due to the gold at the last 
observation before whitening. 

Borne time later it occurred to me that the cyanide solution was charged with zinc, 
and the zinc may have been plated on the gold; zinc was shown to be present in the 
fusing. If this was zinc on gold, and gold does precipitate on zinc, then a building 
up of one on the other, either way, is shown to be possible. 

These five items show the possibilities of shortages, and increase in gold recovery 
from cyanide solutions where zinc alone is used for precipitation. 

Further experimcnts for a remedy show that a fresh strong"solution of cyanidewiJl 
rapidly dissolve the metallic gold from the zinc, and precipitate it in another form at 
the ,arne time; suggesting that after washing away the free precipibte from the 
zinc; a fresh solution of cyanide be turned on the washed zinc and left for a short 
time, and the zinc he again washed to recover any fresh precipitated gold.-Joseph 
Voyle, llfining and Scientijic Press, May 10, 1902. 

KENDALL PROCESS FOR ELECTHOLYTIC PRECIPITATION OF GOLD FHOM CYANIDE 
SOLUTION.-The solution is permitted to flow through a mass of hard fragmental 
carbon, packed round the porous cu p of an electrolytic cell, and connected as the 
cathode of a circuit of an E.M.F. of 15 volts. The anode consists of a carbon plate 
immersed in a solution of caustic soda contained by the porous cell. Upon passage 
of the current the precious metal is depo.,ited in pulverulent form through the mass 
of the cathode. The two compartments are then emptied of their solutions, a carbon 
plate silvered and rubbed with plumbago substituted for the carbon anode and the 
current connections are renewed. A strong solution of potassium cyanide is then 
made to flow successively through the anode and cathode compartments in the order 
named, and the recovery of the metal in the regular form is effected. Professor S. 
B. Christy, of the University of California, has stated that by this process 6000zs, 
of gold can be collected on an area not exceeding 10 square feet in a deposit I-25th 
of an inch thick.-Australian Mining Stan(laTd, July 10, 1902. 

LOSSES IN CLEANING Up.-Perhaps in no other part of the process are there so 
many variations in the methods pursued as in that of the clean-u p. At the end of 
the monthly or bi-monthly period the boxes are charged with slimes containing 
usually gold, silver, lead, zinc, iron, lime, and, in certain instances, copper; and the 
object in view is the conversion of these slimes into bullion with the least possible 
loss. To accomplish this the treatment varies from the direct melting of the coarse 
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,zinc and slimes to separation by sieves, roasting, or acid treatment, with or without 
,filter pressing, and subsequent fusion, 
, To determine, if possible, the amount of loss arising from these different methods, 
and the best general course to be adopted, a system of very carefully conducted 
,.experiments has been carried out, and the results tabulated and compared. ' 

At first the experiments were on known weights of metallic gold and zinc, in the 
proportions used in practice. The gold was dissolved, precipitated from its auro
cyanide solution by the zinc, shaken off the zinc in the form of gold slimes; the zinc 
remaining was di.solved separately and the residue added to the gold slimes, which 
were then treated by the various methods, and the amount of bullion recovered 
noted, together with its fineness; the deficit from the amount originally taken 
represented the loss in treatment. In some cases the coarse zinc was disintegrated 
and dissolved by the addition of alkali and cyanide, instead of acid, with the results 
given below. , 
, In the final experiments, however, to gain more accurate comparative results, a 
large quantity of gold slimes was made, shaken off the zinc, dried, well mixed, and 
equal quantities taken from the bulk for the various experiments; these were carried 
out in duplicate, no, two duplicate samples, however, were weighed consecutively. 
In the first set the losses were found to vary from 0'5 per cent. to 6 per cent., and, as 
a general rule, the less handling the slimes received the less was the loss. The 
heaviest losses were due to roasting, and varied with the amount of stirring or 
handling during the operation; the least loss from this cause was 0'23 per cent. 
,additional to that resulting from the rest of the treatment. 

In a method of roasting with nitre described in the Journal of the Society of 
Chemical Industry, the total amounted to 2'57 per cent., in spite of the greatest care 
in heating the mixture, and in addition as little nitre as would act in the manner 
described in the paper; probably with practice this loss would be considerably 
,reduced, but it is still too serious a matter to he lightly considered. 
. Acid treatment yielded results varying with the kind of acid used, nitric ,wid 
:showing a greater loss than hydrochloric and sulphuric. On the other hand, with 
impure zinc-that in ordinary use-nitric acid gave the purest bullion, but with 
..lead-free zinc dilute sulphuric acid gave both the purest bullion and the lowest acid 
.loss. 

A compariwn between melting direct and a preliminary treatment with sulphuric 
acid gave results depending on the purity of the slimes. Where these had been 

'passed through a 40-mesh sieve to free them from coarse zinc, melting direct gave 
a fairly pure bullion, and at least as good results as with acid treatment; but with 
scrap and coarse zinc included the advantage lay with the latter method. 

The least total loss in'the first set of nineteen experiments was 0'75 percent., and 
. this was obtained by treatment with sulphuric acid before melting. An experiment 
with lead-free zinc gave a total loss of only 0'52 per cent. with direct fusion of the 
sieved slimes, the coarse zinc being treated with sulphuric acid and the residue 
added to the slimes. Pure zinc invariably showed a smaller loss than with ordinary 
zinc, and very careful work on identical lines showed such gain, or lessened loss, to 
be 0'2 per cent. 

Treatment of the slimes with strong solutions of alkali and cyanide, with or with
out subsequent acid treatment, gave heavier losses. 

There was, howev~r, considerable variation in the results obtained, though the 
general direction of the losses was well established; and to limit such variation, as 
well as to still further study the effect of the use of lead-free zinc in the cleaning-up 
operations, the final sets of experiments were carried out, in which all the samples 
were taken from the same bulk of previously prepared and well-mixed gold slimes, 
as mentioned above, and these samples were then submitted to variations in treat

,ment. Similar experiments were also made with the slimes from lead-free zinc 
prepared under identical conditions. The results were as follows, the loss for simple 
:melting with borax being taken as x :-

Melting with borax 
Roasting, then melting 
Sulphuric acid, then melting 
Sulphuric acid, roasting, then melting 
Nitric acid, then melting 

x 
x+0'23 per cent. 
x+O'17 
x+0'40 
x+0.29 

In the case of pure lead-free zinc x amounted to 0'43 per cent.; in the case of 
ordinary zinc it was greater than this, the amount of excess exceeding the 0'2 per 
cent. given above. 
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With lead-free zinc, sulphuric acid gave the purest bullion, and roasting the most 
base, the roasted bullion being more base than that melted direct with borax. With 
ordinary zinc, however, nitric acid gave the purest bullion, and sulphuric acid 
came next; direct melting with borax yielded bullion considerably baser than the 
others. The loss by acid treatment was greater than with lead-free zinc, and the 
loss by roasting less. It is sug-gested that the presence in the slimes of lead which 
is converted during the roasting to fluid lead oxide, may account for the l~ssened 
loss in roasting with the ordinary zinc. 

These last results confirm those from former experiment9, and show that with 
ordinary zinc, as well as with lead·free zinc, direct melting with borax gives the 
great loss, and that the safest method of purifying the bullion is by sulphuric acid 
treatment; that the use of lead·free zinc with a sieving arrangement renders any 
special method of purification unnecessary, and diminishes the treatment loss. All 
the experiments agree in showing that roasting is the cause of more or less heavy 
loss, and, though effective with ordinary zinc in raising the grade of the bullion, is 
less efficient than acid treatment for this purpose. It is therefore suggested that, in 
cleaning up, means should be employed to avoid handling and to limit the number 
of vessels used, and that roasting should be absolutely avoided.-Extract from 
"N otes on Sump 80lution, etc.," read by Alfred James before Inst. of Min. and 
Met., and reprinted in 11Iin. and Sc. PTess (San Francisco), November 8,1902. 

PROCESS paR CLARIFYING LIQUIDS.-The process consists in causing a solution 
which holds finely divided particles of matter in suspension, to flow continuously. 
through a revolving vessel and in continuously removing said solid particles of 
matter from the liquid by centrifugal force without the aid of a filtering diaphragm. 
The solid matters removed from the liquid are continuously discharged from the 
vessel at points relatively distant from the axis of revolution while the clear liquid is 
simult.aneously discharged from the vessel at a point nearer to the axis of revolution. 
The particles of solid matter are held back until they form a rna,s at a point of dis
charge which is sufficiently compact to prevent the escape of the liquid at that point, 
after which the solid matter begins to escape and continues to discharge so long as 
the operation continues. This process is particularly adapted to the recovery of 
precious metals by the cyanide process and as a substitute for filter beds which are 
now used.-H. D. Raasloff, New York. (Patent Abstract.) 

RECOVERY OF PRECIOUS METALS nY ELECTROLYSIS [CYANIDE OF POTASSImr] 
(J. F. Webb, London, J. E. Lilley, Wealdstone, and J. Chapman, Ealing).-The 
apparatus consists of a revolving barrel or drum within which is the, cathode, con
sisting of a metallic internal periphery connected to an external contact ring, and 
with or without a mercury bath. The anode, which is also mounted within, is 
adapted to turn with the barrel, and is connected to an external contact ring. 
Brushes 01' equivalent contact devices transmit the electric current through the· 
cyanide solution contained in the drum, on which scoop pipes are arrang'ed so as to 
automatically charge and discharge the material from it during rotation.-G. H. R., 
Journal of the Society of Chem'ical Industry, April 1902. (English Patent.) 

TITRATION, USE, AND PRECIPITATION OF CYANIDE SOLUTIONS CONTAINING COPPEll 
(W. H. Virgoe, Ins! .. Min. and 1I1et., December 19, 1901).-The author discusses the 
question of the reactions of cupric and cuprous salts with potassium cyanide, and 
the influence of the reaction products upon the titration with silver nitrate, both 
without an indicator and in the presence of various small quantities of potassium 
iodide. He points out that titration with silver nitrate alone is incorrect when 
copper is present, and that titration after the addition of a minimum quantity of 
potassium iodide is best, since it gives a elear end reaction and, in the presence of 
copper, indicates the point when all the free cyanide has been titrated, and when 
the cyanide in the less stable copper compound is about to be attacked. This 
compound is probably a triple 'salt, cuproso.cupric potassium cyanide, of the formula, 
Cu2CN22KCN, Cu(CNh2KCN. In the practical extraction of gold he found thaT, 
w hen using no indicator in titrating his solutions, the extraction commenced to fall 
off, and titration in the presence of iodide showed that the solutions were below 
normal strength for extraction purposes. Upon adopting the iodide test the 
extraction again became normal. He is convinced that the accumulation of copper 
was the cause of the irregularity, and experiments have since been carried out which 
prove that the following reactions take place between cuprous potassium cyanide
and silver nitrate :-
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2(Cu"CNz2KCN)+AgNO=2(CuzCN~CN)+AgK(CNh+KNO:l ; 
2(Cu"CNzKCN) + AgN03=2CuzCNz+AgK(CNb+KN03' 

The proportion of iodide used as an indicator also influences the quantity of silver 
nitrate solution which may titrate 0'13 per cent. Potassium cyanide with a small 
crystal and only 0 '09 per cent. with a large one, corresponding to a difference of 
0,8 lb. perton. Furthermore, free alkali in quantity also causes an error in titration, 
both with or without an indicator. . 

The fouling a~tion of c~pper upon 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 cuproso-potassium 
cyanide is not so active in this respect as the corresponding zinc salt. In practice it 
is found that copper is precipitated from weak solutions of cyanide, such as 0'05 to 
0'08 per cent., upon the zinc shavings, which then become less active in precipitating 
gold and silver. This 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 the ore. The difficulty has been met in 
some cases by precipitating the copper with a lead-zinc couple after the precipita
tion of the bulk of the gold. At the plant at Minas Priestas, Mexico, the solution 
from thE' zinc launders, containing from 3 to 4 Ibs. of copper per ton, is run over 
zinc shavings which have been steeped in lead acetate solutions, by which the 
quantity is reduced to about 1'25 Ibs. per ton, and any gold which has escaped 
previous precipitation also recovered. The product so obtained runs about 2 dols. 
per Ib. in gold and silver, and 25 per cent. of copper. 

Another remedy which is now suggested by the author, consists in agitating the 
solution containing the copper with metallic zinc fume, or very fine metallic zinc, by 
means of compressed air. The copper is thus precipitated from both the double and 
triple cyanide salts, and settles down with the remainder of the zinc fume. The 
zinc taken up into solution is then precipitated as sulphide by a soluble alkali 
sulphide, and the cyanogen originally combined with the copper recovered :<s alkali 
cyanide. Any excess of alkali sulphide is decomposed by lead carbonate or other 
lead salt. By this scheme 2'04 Ibs. of the 3'07 Ibs. of potassium cyanide consumed by 
1 lb. of copper would be theoretically recovered. 

Finally, in assaying large volumes of cyanide solution, a rapid method consists of 
adding excess of copper sulphate to 1 litre, and acidifying with hydrochloric or 
other acid to obtain a white and flocculent precipitate. This contains all the gold 
a~ double cyanide of gold and copper, and is washed, dried, and scorified with 
metallic lead.-A. W., Journal of the Society of GhemicalIndustry, March 15, 1902. 

TREATMENT OF CLAY SLIMES BY THE CYANIDE PEOCESS, WITH'AGITATION (A. H. 
Tays and F. A. Schierz, Ghem.-Zeit. Rep.,' 1902, 72).-At San Jose de Garcia, 
Sinaloa, Mexico, the ores of the Guadeloupe mines were -at first only treated by the 
amalgamation process, when gold to the value of 80 marks per ton remained. The 
tailings were then profitably treated with cyanide. Finally, the authors were con
fronted with the problem of treating 16,000 tons, consisting of 75 per cent. of clay 
slimes and 25 per cent. of sand slimes. The material contained ferric oxide, pyrites, 
small quantities of lead and copper sulphides and carbonates, and 52 marks of gold 
and 40 grms. of silver per ton. The copper amounted to O'll per cent. Preliminary 
experiments showed that 90 per cent. of the' noble metals could be extracted by 
twice treating with cyanide and lime; by twenty-four hours' action onlv 75 per 
cent. was regained. Vats provided with stirrers were then erected. The best 
results were obtained with a 0 '15 per cent. cyanide solution, the consumption of 
.cyanide being 7 Ibs. per ton; 78'56 per cent. of the gold was extracted. The slimes 
were mixed with 1'5 times the quantity of cyanide solution and brought into a vat 
.containing more cyanide solutIOn, 18 tons being used to 10 tons of slimes. The 
agitation lasted 5 hours; 30 minutes before the end 5 Ibs. of slaked lime per ton 
were added. After settling for 7 hours, 70 per cent. of the solution could be drawn 
off quite clear; without lime, there was practically no settling. When a smaller 
proportion of slimes to the cyanide solution was taken, the settling was much slower. 
When the sand slimes were mixed with clay slimes, 80 per cent. of the solution could 
be drawn off. The residue was again washed with water or dilute cyanide, and then 
<lmptied out .. About 0'9 lb. of zinc was used per ton of slime~. The fine particles of 
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zinc and the slimes from the zinc boxes were taken to a filter press; and thence to 
the furnace. The coarser particles of zinc were first treated with sulphuric acid. In 
smelting 34 kilos. of borax, 24 kilos. of sodium bicarbonate, 5 kilos. of sand, 3 
kilos. of ashes, 6 kilos. of clay, and 5 kilos. of hematite were used to 100 kilos. of the 
gold slimes. The cost of the treatment per ton of slimes amounted to 20 marks, 
composed of potassium cyanide, 8 marks; zinc, 0'80 mark; labour and management, 
4 marks; taxes, 2 marks; other expenses, 5'20 marks.-A. C. 'V., Jonrnal of the 
Societ.1f of Chemical Industry, April 1902. 

(g) MINING 

MINER'S ANlEMIA.-In a recent issne of Mining Rep01te1' we commented upon the 
possibility of the introduction of miner's anaemia into this country. We referred 
incidentally to the fact that the disease was quite prevalent in certain mining dis
tricts of Germany. The following article from the Colliery G'lIaTdian, which relates 
to the conditions in the Westphalian district of Germany, may be of interest to those 
who wish to be kept informed as to the nature and effects of, the disease :-'--

The attention of the German Parliament has at last been drawn to the large 
extension of ankylostomiasis in the ranks of the underground workers in the coal 
mines. At a meeting of the Reichstag on February 23rd Herr Moller, Minister of' 
Commerce, stated, in reply to representations made by various members, that care
ful investigations had disclosed the fact that the disease is restricted to the West
phalian region, and he added that a Government Committee, assisted by medical 
experts, has now been appointed to consider the question of adopting preventative 
measures. It is, doubtless, quite correct to say that the malady is at present limited 
to the area in question, although it is unfortunate to have to add that it haE assumed 
considerable dimensions. It is thought that the disease was originally imported 
into Germany from Hungary, 'and Dr Loebker is at the head of the Committee which 
has been dispatched to Hungary to examine the methods successfully adopted for 
combating ankylostomiasis in that country. In the meantime the authorities super
vising the mines are doing everything possible to prevent a further extension of the 
disease. They even threaten to close infected pits unless strict regulations are 
carried out. Workmen who on medical examination are found to be suffering from 
the disease are to be suspended until they have been completely recovered, and 
strangers are to be subjected to quarantine before being permitted to work in the 
mines. Formerly the seriousness of the malady was under-estimated, but the 
medical men now treat it as dangerous and liable to lead to fatal results. The 
number of cases in the Ruhr district, which only amounted to 107 in 1896, had risen 
to 1355 by the end of October 1902. The growth of the disease is shown by the 
following figures, which indicate the percentage per 10,000 miners in the Ruhr 
district :-

Year. 

1896 
1897 
1898 
1899 
1900 
1901. . . 
1902 (first ten months) 

PerCtntfige of Cases 
per 10,000 Miners. 

6'4 
6'2 
4'9 
4'4 

11'7 
40'6 
52'9 

The remarkable point in connection with the above figures is the extraordinary 
increase in the percentage during the past two years, and the fact that the 1902 
total only comprises the first ten months of the year, and does not include the whole 
of the shafts and all the men employed. Yet these are the results in a period during 
which strict regulations-introduced two years ago-have been in force for the pro
vision of a system of pails or tubs for the use of the men, constant disinfection, and 
the maintenance of cleanly habits by the men. In this connection the German 
Miners' Union recently instituted an inquiry into the subject by arldressing questions 
to responsible persons employed in the mines, and the results have now been pub
lished in the official organ of the Society. Information was sought as to (1) whether 
the pails or tubs are provided in sufficient numbers; (2) whether the washing bowls 
are clean, as the disease may be spread by dirt in the bowls; and (3) whether 
potable water is available in the pits, as otherwise the miners drink that used for 
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watering the mines, which frequently contains the dangerous germs. The replies 
show that in general the regulation in regard to pails or tubs seems to be formally 
carried out, but very often they are not provided in sufficient numbers, so that the 
mim do not use them, and that potable water is practically -not to be found any
where. The miners contend that the disease would not have attained its present 
dimensions if the Government had appointecl from their ranks assistants to the State 
mining officials-a point which they have urged for several years past-and they 
submit that Government committees will be of no use unless the aid of the men is 
obtained to insure the carrying out of regulations in a proper manner and to indicate 
clisease spots as occasion may arise. 

The Council of the General Miners' Association of Essen has just addressed to all 
the mine administrations in the Ruhr district a map specially indicating the infected 
pits, and giving statistical information concerning the diseasc. -In a commnnication 
accompanying the map the administrations are asked to accept as workmen only 
those persons who are able to produce a certificate showing them to be free from the 
clisease, as ascertained by micro-copical examination of the excreta. The map 
illustrates the fact that the district principally infected extends from Gelsenkirchcn 
easterly to Dortmund, and from the Emscher southerly to the railway line leading 
to Essen from Dortmund ~ia Bochum, this one being the actual centre of the Ruhr 
basin. In the first-mentioned district there were, during the first nine months of 
'1~02, an average of 371 ca~es of illness per 10,000 miners-193 cases in the Herne 
region and 130 cases in the North Bochum district. The Association also seeks to 
show that the disease is promoted by the watering of the mines, especially with pit 
water, and by a high temperature. The mining authorities, however, consider it 
preferable to continue watering operittions in the dry sections for the benefit of all 
underground workers rather than suspend this particular duty until the pits have 
been completely disinfected.-.Mining Reporte,. (Denver, U.S.A.), April 23, 1903. 
(S. H. G.) 
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