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CHEMICAL AND METALLURGICAL 
SOCIETY OF S. AFRICA 

I 

THE PRESIDENT'S INAUGURAL ADDRESS 

A'r a meeting of the Chemical ~nd Metallurgical Society of South 
Africa on May 19th, the PresIdent (Mr 'V. Bettel) delivered the 
foil owing inaugural address :-

Gentlemen,-I appreciate 'the honour you have bestowed upon 
me in entrusting your interests to my supervision and O'uidance. 
These interests, which are identical with my own, will be "carefully 
and jealously guarded ~y my~elf and colleagues-the Vice-Presi
dent and Council of thIS SOCIety, It will be our endeavour to 
promote good-fellowship among its members, and by social inter
course, interchange of Ideas, and research, aided by the formation 
of a reference library as soon as practicable, and the immediate 
payment of subscr~ptio~s to English and foreign chemical, metal
lurcrical, and techmcal Journals secure means to enable us to keep 
abl~ast of scientific progress in other parts of the world, The 
fame of Johannesburg and the Witwatersrand Goldfields has 
spr~ad to all civilised parts of the earth. Emissaries from Russia, 
America, and Australta have been sent here with instructions to 
learn our latest methods of gold extraction j and mining schools, 
technical and commercial associations, influential societies and 
officials of foreign Governments have applied to our own Mining 
Department and to the Chamber of ]\fines for information which, 
up to the present time? it has b~en found impossible to supply. 
Scientific data are wantmg regardmg the economic workincr of the 
cyanide process, and its competition with the better-kn~wn but 
expensive chlorination .method ~f concentrate treatment. A 
number of us are workmg at thIS problem from a commercial 
point of view j others, fewer in number, are endeavouring to 
elucidate the little understood but highly scientific nature of our 
daily work. T? the latter may be given the honour to point out 
to the aeneral workers the best methods of attainina a maximum 
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2 Chemical and Metallurgical Society of S. Africa 

efficiency of extraction of gold and silver by cyanide, and subse
quent precipitation, at a minimum cost. "Rule of thumb," a 
giant which has ruled the world, especially America-in the past 
-with a rod of iron, will have to give place to a younger rival, 
"Scientific Method." Olde!' men, of the so-called "practical" 
type, .who have been slaves to "rule of thumb" in their genera
tion, are finding the dominion of their tyrant gradually diminish
ing, the recognition of immutable physical laws guiding all 
chemical, metallurgical and mechanical processes being gradually 
forced upon the commercial community. We, the representatives 
of chemical and metallurgical science in South Africa, must, in 
our humble way, by disseminating scientific knowledge and apply
ing it ourselves to technical processes, help to "sootch," if not 
kill this enemy of progress. Do not, however, imagine that I wish 
you to devote all your leisure to the study of the science and art 
of gold winning; other matters and other processes will claim a 
share of your attention. The Transvaal is rich in minerals, which, 
as the country develops, will require the aid of science to extract 
and render marketable their valuable contents. Much labour, dis
iLppointment, and financial disaster may be avoided if members of 
it scientific community like ours prove that they are capable and 
willing to offer sound practical advice to financiers-willing to act 
on it--who are disposed to embark their fortunes on new ventures. 
Many of us have had scientific and technical training and experi
ence in other countries in other departments of metallurgical and 
technical work, and those (myself included) will be willing to relate 
their experiences f!'om time to time. Others who speak foreign 
languages have proffered their services as abstracters. These 
gentlemen will give us the cream of the foreign scientific and 
technical papers and journals. Such information, though it may 
have no immediate value to us, will open up new channels of 
thought which may indirectly be fruitful of practical results .. 

It has been suggested that I should point out in this inaugural 
address the lines upon which we may commence the scientific life 
of our new Society. In doing this, I wish it to be understood that 
notice of many important subjects will of necessity have to be 
omitted owing to lack of time at my disposal this evening. Let us 
hope, though, that-like the serial story, "to be continued in our 
next "-we will be enabled to resume the thread of our discourse at 
some future time by reading papers on subjects of interest to mem
bers of this Society, and generally to the mining community. 

To commence with, I would point out that in gold extraction 
processes accurate sampling and assaying of ores, minerals, bye
products, and bullion are the most important subjects for our con
sideration, all commercial and technicid work on these fields being 
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The President's Inaugural Address 

lependent on them for correct and reliable information. This sub
~ect beina" extensive in its bearings, I have dealt with in the latter 
J' b. • f b . part of my paper:-to ?"I ve you an opportunIty 0 remem ermg my 
remarks in the dIscussIOn to follow. For mutual help, each member 
of this Society should carefully note any reaction or occurrence new 
to bim, or of appliances or methods which in his opinion facilitate 
technical operations, and submit such notes at ordinary meetings to 
his fellow-members for their information or consideration and dis
cussion. Discussion upon disputed points may elucidate facts the 
nature of which have hitherto been generally regarded as obscure. 
Should the subject under discussion be deemed of sufficiently general 
importance to the Society and the mining community, the Council 
may appoint special research committees to deal with the problems 
under discussion. 

To give yo\!. some instances where free discussion and research 
would be of direct benefit to the gold industry, I may mention the 
following as affording a good field for your ingenuity and skill :-

1. In the precipitation of yarious metals from cyanide solutions 
by filiform zinc, the precipitation is influenced by a number of con
ditions which obtain in ordinary working, such as :-

(a) Different strengths of the solvent. . 
(b) Impurities in solutions (which may be derived from ores) 

affecting precipitation. 
(c) Influence of rate of flow of solution through extractors-past 

a given area of zinc. 
(d) Amount of gold in solution to be precipitated, and maximum 

precipitat.ion from solutions of various richness. 
(e) Effect of alkalinity, acidity, or neutrality of liy.uors on rate, 

and percentage, of precipitation of metals from cyanide 
solution. 

(/) Influence on rate of precipitation of gold, of such inert sub
stances as carbonate of lime, clay, oxide of zinc, &c., coating 
the zinc. 

(g) Other physical conditions of zinc affecting precipitation of 
metals from cyanide solution. 

2. Action of impurities in ores affecting the solution of the gold, 
and effecting the decomposition of cyanide. 

3. Conditions of gold in residual tailings or concentrates from 
cyanide treatment:-

(a) 

(b) 

Percentage of gold in solution as auro-potassic or sodic 
cyanide--not washed out of tailings (" soluble gold "). 
Percentage of gold present in coarse particles capable of being 
amalgamated. 
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4 Chemical and 1I1etallurgical Society of S. Africa 

(c) Percentage of gold encased in quartz or pyrites to which the 
solvent has not had access. 

(d) Occurrence of gold in lumps of slime after treatment by 
cyanide, the gold supposed to be precipitated by the action of 
iron salts producing a ferrous-ferricyanide from auro-potassic 
(or sodic) cyanide an~ free cyanide, thus explaining some low 
extractions from weathered ore and concentrates. 

To throw out a suggestion: It is possible that the following re
action may take place in absence of free oxygen :-' 

5FeS04 + 8KCy+ 2KAuCY2=Au2+Fes" Fet CY12+ 5K2S04, 

but this, however, requireil confirmation by exact experiment. 
These will suffice as a commencement of the scientific study of 

the cyanide process. 
To turn from chemical reactions to chemical engineering, your 

attention is naturally claimed by two methods which have for their 
object the economical and more perfect chemical treatment of tail
ings. As you are all aware, gold-bearing tailings and slimes were 
(and are) allowed to flow into receptacles known as tailings dams, in 
which the sands and more or less slimes settle, while the water flow
ing off to reservoirs is there collected for re-use, according to a 
system of conservation of water introduced to enable gold mining 
companies to treat their ores in dry climates with the minimum 
natural snpply of water. This method, in so far as it relates to inter
mediate collection of tailings, is costly from mechanical and chemical 
reasons, and your careful study of the relative merits of the two pro
cesses I am abont to describe will be instructive, and will no doubt 
lead to good results. To stimulate discussion and investigation, I 
will give you my views on the afore-mentioned processcs, especially 
as statements have been circulated which require careful sifting 
owing to their apparent antagonism to well-known physical laws. 

The two arrangements I have alluded to are :-(1) "Direct 
Filling," introduced by Mr H. Jennings; (2) "Intermediate Filling," 
resorted to by Mr Charles Butters. 

DIRECT FILLING 

This methoci, introduced at the Heriot, City and Suburban, 
Crown Reef, and Pearl Central Gold Mining Companies, consists in 
passing the pulp leaving the plates into a "hydraulic separator," a 
kind of crude spitzhitte. The pulp is here divided into two i'treams, 
one overflowing, carrying slimes with fine sand, the other consisting 
of coarse sands, some fine sands, and slimes conveyed by indiarnbber 
hose to leaching tanks, in which one or more Kaffirs are employed to 
effect even distribution of the sand, &c., by moving the hose about 
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The President's Inauglwal Address 5 

to different parts of the vat. The water passes off by adjustable 
gates, carrying with it fine sands, slimes, and some coarse sands. At 
the Crown Reef a preliminary rough concentration is adopted before 
the separated sands al'e led into the leaching vats. The tanks, being 
filled with sands, leaching with cy:tnide is proceeded with. 

ADVANTAGES OF THE PROCESS 

1. It is admitted that this method treats pyritic tailings with the 
minimum of oxidation, and consequently, if cyanide has a thorough 
and intimate contact with auriferous pyrites present the maximum 
amount of gold (say 50 per cent.) may be obtained therefl'om in the 
short period of treatment to which the tailings are subjected. 

2. A second handling of the tailings before treatment is avoided. 
3. A preliminary concentration is optional, but not recommended 

by the introducer, on the score of expense. 
4. It has been claimed-though not by Mr Jennings-that this 

method concentrates 90 pel' cent. of the gold in 55 to 65 pel' cent. of 
the sands collected, and that 85 pel' cent. of the gold in these tailings 
is obtained, giving an extraction on the whole of the tailings leaving 
the mill of 76'5 per cent. I will give my reasons for disbelieving 
these figures later on. 

DISADVANTAGES OF THE PROCESS 

1. A certain proportion of cyanide solution containing gold is 
washed out by the inflow of water, and as it is thereby much diluted, 
the ordinary means of recovering the gold thel'efrom is not p,ffective, 
and the cyanide contained in such solution is lost. 

Fnrther, a similar diffusion takes place in commencement of 
leaching, causing loss of cyanide and gold. 

2. Some sands escape treatment, being protected by impervious 
layers of slime, the cyanide naturally escaping by the paths of 
least resistance. Samples of treated sand (not slimes) from the 
Crown Reef dump have assayed 6 dwts. per ton of 2000 Ibs. 

3. With regard to the statement made respecting the economy 
of treating only 3-5ths of the ore crushed by a battery, and basing 
the cyanide costs on the original ore crushed, I offer the following 
remarks :-

(a) From my own figures, the difference between the pulp enter
ing the spitzliitten, and the total sands and slimes passing 
away-either into dams for future treatment, or into sluits as 
worthless material-is under k d wt. The difference between 
the sands treated and the waste is only! dwt. gold pel' ton 
of dry material. This is generally the experience (in dams) 
on the Rand, although in some mines the slimes are richer than 
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6 Chemical and Metallurgical Society of S. Africa 

the tailings. Sands in ordinary tailings dams are usually 
about! to i dwt. richer than the slime which is lost by flow
ing into water reservoirs with excess of water. 

(b) About 40 per cent. of material (half of which is fine sand 
amenable to ordinary cyanide treatment) only assaying i dwt. 
less (as above remarked-sometimes higher) than the pulp 
treated in the leaching tanks is either allowed to settle in 
dams for future treatment, or is totally lost in water-conrses. 

(c) The extraction is nearer 60 per cent. than 86, and therefore:
(d) The assumption that the costs of treatment may be reason

ably based on the total ore crushed is entirely unwalTantable 
because misleading. 

INTERlIIEDIATE FILLING 

This method, invented and nsed by Mr Oharles Butters, is still 
undergoing improvement. It consists at present in delivering the 
pulp by a distributor on to the surface of water contained, in a 
filtering tank fitted with bottom discharges, and sUlTounded at the 
top by an annular ring or launder, into which t.he waste water and 
slimes flow (over the top of vat). 

When a tank is full it is allowed to drain, and the tailings, 
emptied by the well-known" bottom discharge" into trucks which 
are then run into the tank-house, and their contents emptied into 
the well-known, leaching vats. 

ADVANTAGES 

In most cases about 80 per cent. of sands (coarse and fine) and 
slimes are collected in the intermediate tanks, the bulk of the 
slimes escaping with the effluent water being practically free from 
sands, and therefore in the best condition for continuous treatment 
by cyanide. 

2. The sands are intimately mixed during discharging, thus 
being in the best condition for treatment by cyanide. 

3. Oxidation of pyrites is very slight, so that very little 
cyanide need be used by careful working. It is anticipated 
that only half a pound of cyanide will be used pel' ton of tail
ings at the Robinson Gold Mining Oompany's cyanide works under 
this process. 

4. A higher extraction can be obtained, owing to the presence 
of fine sands, from which 85 per cent. gold contents may be 
readily extracted by cyanide. Experiments at the Robinson Gold 
Mining Oompany's works have proved that an extraction of 75 
per cent. may be reasonably looked for if the process is properly 
worked. 
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The Pl'esident's Inaugural Address 7 

5. The cost of treatment is very small. Oaptain Mein has 
offers to discharge and fill tailings, and discharge residues at the 
Robinson works under the new system (which will be in operation 
shortly) for 7d. per ton of 2000 lb. (dry weight)-26·5 c. ft. 

DISADVANTAGES 

The only disadvantage I know of is the tendency to form 
deposits of slime-through irregular distribution-at or near the 
bottom of the intermediate tank causing some trouble in draining, 
but for this I have proposed a remedy. 

CONCEN't"RATION AND TREATlIIENT OF CONCENTRATES 

While readily admitting that some surface ores are so amenable 
to treatment by cyanide that concentration is unnecessary, it must be 
borne in mind t.hat as the rock on the deeper levels gets harder, 
more compact, and more highly mineralised, it will be absolutely 
necessary to remove from the pulp those portions of the ore from 
which the gold is extracted only by prolonged contact with the 
solvent. For this purpose I favour any cheap method which will 
separate from the pulp coming from the plates the coarsest portions 
of sand, and equal falling particles of pyrites, containing more or 
less enclosed gold. An apparatus suitable for the purpose is a 
modification of the spitzhitte, arranged so as to be perfectly under 
control; blocking, so common with other hydraulic sizing apparatus, 
being practically impossible. The cost of handling by this process 
is trifling. It is an open question whether all gold-bearing pyritic 
matter on these fields can be more economically treated by cyanide 
than by chlorination. Researches undertaken to throw more light 
on this subject will undoubtedly yield valuable results. I myself 
have obtained 98 per cent. extraction from a 4 oz. pyritic concen
trate by a cet·tain treatment, using under 2i lbs. cyanide per ton; 
other concentrates, on the other hand, have given results from 75 
to 94 per cent. with a much larger consumption of cyanide. That 
these differences are due in a great men,sure to the physical struc
ture of the pyrites protecting the gold-in some cases-from the 
action of cyanide to some extent, I firmly believe, and have devised 
a process for concentrate treatment by cyanide, based upon the dis
integration of coarse sands and pyrites, in order to liberate their 
enclosed gold, but haye not yet made a sufficient number of experi
ments to warrant publication. This subject opens up a large field 
for experimental work. 

CONCENTRATION APPLIANCES 

A (majority) report has recently been issued by the sub-com
mittee of the Ohamber of Mines upon this subject, which no 
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8 Chemical and Metallurgical Society of S. Africa 

doubt you have read. I have carefully read through the 
report and annexures, and have arrived at the conclusion 
that it is an excellent example of how to say nothing at 
great length. Theoretical extractions are quoted in support 
of a direct treatmeht by cyanide. These results are in direct 
opposition to my own experiments on similar ore, and I am 
prepared to prove that the method usually adopted for assaying 
residues (the results of whip-h were taken to obtain some of the 
theoretical extractions quoted) is worthless and totally unreliable 
even in good hands. As the whole report rests more or less upon 
results of assays, care should be taken in such reports that the super
structure rests upon a firm basis, viz. :-check sampling and check 
assaying by competent men. The results of the experiments (quoted 
against concentration) on some "direct treatment" (non-concentrat
ed) cyanide residues, are worthless, and totally mi~leading, the sub
committee either not knowing or not believing that a weak solution 
of cyanide (even as weak as '03 per cent.) will dissolve gold-and a 
much stronger solution is usually left in tailings. The sub-com
mittee, therefore, neve?' made a determination of the soluble gold in 
these ?'esidues, although such was immediately present /I'om 
amOife?'ous pyrites. One of the statements-that by passing 2 or 3 
dwt. tailings through spitzkasten 70 per cent. of the gold can 
be easily obtained in 50 per cent. of the sand, I flatly contradict 
as being entirely inaccurate and misleading. When the method of 
assaying used will give any results from a trace to 2 dwts. gold per 
ton from one and the same sample, what reliance can possibly be 
placed on sllch figures. Statements like these are mischievous and 
calculated to do harm to the industry. Reverting to cyanide 
t.reatment of concentrates, I feel confident that ere long some 
simple mode of cyanide treatment will be a most formidable com
petitor to the chlorination process of concentrate treatment, and 
it rests with members of the Society to elaborate such a process 
from experimental data they may obtain. I notice with regret that 
the influx of scientific chemists to these fields has been taken ad
vantage of by certain persons to obtain cheap scientific labour, thus 
tending to reduce our average commercial value as scientific workers. 
I maintain that it is within the scope of this Society to fix the 
minimum rate of payment for work done by its members, and it 
is for you, gentlemen, by combined and concerted action when 
necessary, to give force to my suggestions in such manner as may 
be thought proper. At the same time I cannot help acknowledging 
that owing to the pernicious practice of employing untrained men, 
certain employers of labour ha.ve brought discredit upon our pro
fession, and I feel called upon, on behalf of this Society, to enter a 
protest against the cheap and nasty element being bruught into 
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The.President's Inaugural Address 9 

open competition with genuine and valuable work executed by 
reliable men. More especially would I again refer to methods of 
sampling and assaying tailings and residues, which obtain in certain 
cases where managers prefer methods yielding results which ap
parently flatter their work. The other day I heard the story of a 
general manager objecting (this occurred some months ago) to his 
assayer reporting high results of residues from cyanide treatment, 
because in his opinion the actual figure was far lower than the 
report showed. The results now, are lower, evidently made to 
order, but there is a discrepancy of from 15 to 20 per cent. 
between the theoretical and actual extraction at these cyanide 
works, not yet explained. This style of work gives colour to the 
statement frequently made that anyone can learn assaying in a 
month or two. If, however, as I understand it the term "assaying" 
means the intelligent carrying out of methods of a branch of 
chemistry employing dry processes of metallurgical analysis, then I 
say, emphatically, assaying can not be learned, except by close 
observation and careful training of the operator. In analytical, or 
wet, chemistry, as mnch care is taken in obtaining accurately 
representative samples for analysis as in the subsequent analytical 
work. In metallurgical centres at home, sampling of ores, residues 
and other minerals forms a recognised branch of the metallurgy of 
iron, manganese, copper, lead, silver, and gold. The care taken in 
this work would astonish even Americans. On the Rand, the 
greatest laxity seems to prevail, and the results obtained throw 
discredit on genuine work. I will ask you to discuss this question 
later on. 

"Vith reference to the assay of cyanide residues (tailings), how 
can any assayer, by employing 2 A.T. of ore for his assay, using 
pots too small to hold the charge (during potting), melting too 
quickly and sometimes cupelling on cracked or too porolls cupels, 
expect to get good results 1 Yet this work is done day by day, 
llnd in some cases the results are reported (as required by some 
Companies) to the exact grain of gold per ton. Assuming that 
"potting," "cupellation," and "parting" were performed without 
loss, to report to the exact grain would require an assay balance 
to turn to 1-240 part of a milligram or the 1-7} millionth part 
of an ounce troy, whilst the most delicate balance ever turned 
out, having diamond points, and ruby cups, only turned with 
delicate manipulation to 1-200 milligram. Such results as I have 
instanced are obviously imagined, or as chemists say, "cooked." 
With the balances at our disposal we can only report to the 1-20 
milligram on whatever weight is taken for assay. Therefore 
with 2 A. T. the minimum error, plus or minus, is 12 grs. per 
ton for extremely careful work, on weighing only. Frequently 
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10 Chemical and lVIetallurgical Society of S. Africa 

from causes I have pointed out (and some I have not alluded to) 
other errors from 10fis of material, &c., come in, and perhaps only 
:J5 per cent. of the actual gold contents of the residues is obtained. 
Some assayers used to report traces for these results once upon a 
time, but now, grown wiser, they call a small quantity of gold 6 
grs. per ton, or thereabouts. What is the result 1 One he1Lrs 
complaints of the non-agreement of theoretical and actual out
puts, and of phenomenal theoretical extractions which managers 
proudly speak of to their envious friends, who, being carefl11 
workers, are unable to obtain such results. The cyanide works 
manager who gets 2~ dwts. of gold in his residues (as shown 
by careful assays made of 8, 10 or 12 assay tons) is looked down 
upon notwithstanding that his theoretical and actual extractions 
(not counting slag contents) have agreed to within 2 per cent. for 
nearly two years. I ask, is this fair to honest workers 1 The 
managers whose results do not agree, advance various ingenious 
reasons to account for those losses of 10, 15 or 20 per cent., such 
as absorption of the gold by wooden vats from solution, excessive 
volatilization during melting, or dust proguction during roasting, 
&c. It certainly is curious, but neyertheless a fact, that these 
singular discrepancies, high extractions, and low residues 1Lre only 
obtained where the system of sampling and assaying is faulty. 
Another, and worse state of affairs exists where both the tailings 
and residues are uniformly low. There the extractions, theoretical 
and actual, agree, or sometimes the actual output is persistently 
higher than the theoretical in spite of losses. :Much" kudos" has 
been obtained on these kinds of results by unscrupulous men. To 
take a case in point. A certain manager was said to be getting 
9'2 per cent. extraction from tailings (at least he imagined he did, 
for he said so himself), and his residues were reported to be never 
over 15 grs., generally 6 and 12 grs. Out of sheer curiosity I 
sent a friend of mine whom I could thoroughly trust to take 
samples from these works. I found the originals fully 2 dwts. 
higher than was reported, and the residues, one taken half round 
the tailings heap, the other from trucks coming out of the building, 
a tank having been discharged, ran :-

No. 1 :J dwts. 21 grs. gold per ton. 
No.2 3 dwts. 9 grs." " 

The extraction showed about 66! per cent., a fairly decent one, 
and nothing to be ashamed of, but somehow this manager was 
ambitious. Again I heard a rumour about a certain company 
getting an actual extraction of 125 per cent. from concentrates, 
while the residues assayed 9 dwts. Truly such things, if true, are 
wonderful, and indicate that we have alchemists in our midst 
masquerading as chemists. ,Vhat splendid results these men could 
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The Preszdent's Inaugural Address I I 

<ret from a mine worked,on tribute. Time will not allow me to do 
~ore than refer to many interesting subjects for our consideration, 
such as treatment of battery slimes, including a direct continuous 
treatment method which I have recently worked out j dry crushing 
lLnd direct cyaniding for ores containing gold in a fine state of 
division, sampling of ores in mines, sampling and assaying of bullion, 
and in that connection liquations in cyanide bars, which subject, 
however, will be best treated by our friend, Mr T, W. Wood, 
Assayer of the Bank of Africa, who has had more experience than 
any of us in this branch of metallurgy. I hope he will be prevailed 
upon to give us a paper on the subject at an early date. Other 
subjects are-improvement in chlorination processes j treatment of 
acid tailings j electrolytic precipitation of gold from cyanide 
solutions j this subject will be ably treated by Mr A. Von Gernet, 
in a paper he has promised to read shortly. The aluminium process, 
about which we had such a flourish of trumpets some months ago, 
seems, from all accounts, to be another chemical "ghost." In 
this connection, much that is valuable and interesting from a 
scientific point of view .may be unearthed by examination of the 
remains-the records-and from these studying the life-history of 
defunct processes, which I needn't particularise at present. As 
Chemists and Metallurgists of the Rand you have before you much 
useful and interesting work, and it remains with YOll, gentlemen, 
by publication or diffusion of accurate scientific information, by 
exposure of pseudo-scientific frauds, adopting the most approved 
processes, and investigating problems occurring in your daily work, 
lLS well as keeping abreast of the times through acquiring the most 
rccent knowledge in relation to your profession, and by concerted 
action in any matter concerning your well-being as a scientific 
body, to claim as a right the recognition of your proper status in 
relation to this community and to demand as your just due, that 
scientific work of value to the industry should be paid for, at least 
as well as that of skilled artisans. 

An interesting discussion then followed, ih which several 
members took part, but owing to the lateness of the hour it was 
agreed to postpone further discussion of the various points in the 
address until the next meeting (16 th June). 
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II 

NOTES ON ASSAYING 

June 16th, 1894 

THE several questions raised by Mr Bettel in his inaugural 
address are really of so important a nature that a few remarks from 
me may not be out of place considering the fact that I have had a 
longer experience in cyanide> treatment of tailings than any other 
person on these fields, and I fully endorse Mr Bettel's points as 
regards the necessity of very careful sampling and assaying of both 
" originals" and " residues." Now that we have come down to the 
proposition of treating low grade tailings, say from 4 to 8 dwt., 
it is of the very highest importance that accurate sampling and 
assaying must be carried out before reliable results can be obtained. 
Mr Bettel argues that the quantity of material usually taken to 
estimate the gold left in the residues is too little, and I quite agree 
with him that resnlts obtained ii'om an assay made with 2 or even 
4 assay tons cannot be considered satisfactory in so far that the 
operator has to guess with more or less accuracy at the weight of 
gold obtained. This guessing at the result can only be overcome, 
as Mr Bettel suggests, by taking a much larger quantity of the 
sample to be assayed, say 8, 10 or 12 assay tons, and dividing the 
resultant gold by the amount taken. This is the only way out of 
the difficulty, and I am sorry to say that many chemists and 
metallurgists here have taken a long time to appreciate this diffi
culty although they must surely know that taking small quantities 
the balance will not give them a correct reading, and consequently 
guess work has to be resorted to. Another point which Mr Bettel 
has alluded to is the use of small crucibles for assaying, and I 
may state that some little time ago I had occasion to visit a certain 
cyanide works a,say office, and in looking round observed a number 
of very small crucibles on the furnace. I went a little closer, and 
was surprised to notice that the outside of almost everyone of these 
crucibles (which had been used) was coated with slag, showing that 
at some part of the operation the contents had boiled over. If 
assays are carried out in this >manner it is no wonder that incon
gruous results are obtained, and, as a matter of fact, I am informed 
that the results from this particular cyanide works are not as con-

12 

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
)



Notes on Assaying 13 

sistent as they might be, a very large difference between the theo
retical and actual extraction being of no uncommon occurrence. 

Phenomenal results are not infrequent. I have had them myself, 
about three years ago, so I know what they are. I have had as high 

an extraction as 97,/:, and over 100% by two independent assayers, 

%0 ° and a humble 79 ° as returned by me was taken as the correct 
fiaure (this on tailings of 10 to 12 dwts.), and when I say that I 
w~s paid a percentage on an extraction over 70%, it was not to my 
advantage to make things out worse than they were. I may cite 
another case of high extractions. After Mr Butters had erected 
what we term the" new" cyanide works at the Robinson, he was 
allowed to run these works for a certain time afterwards, and the 
residues, according to the assayer then employed, ran from 12 grains 
downwards to a trace. I repeatedly told Mr Butters that these 
results were not to be relied on, but Mr Butters' experience of 
cyanide treatment was limited at that time, and he argued that if 
we could get 75% (10 or 12 dwts. tailings), why not 90 or 95% 7 
but had to acknowledge (after checks assays had been made) that 
the residues contained about 2 or 2~ dwts. Mr Butters will kindly 
excuse my making reference to this, but it is so much a case in 
point that it is excusable my mentioning it. 

Managers of companies, where cyanide works are in operation, are 
not generally supposed to understand the working of the process, 
but when a manager is told that he is getting somewhere between 
80% and 90% of the gqld from the tailings, and believes this, it is 
hard on a successor (supposing a change to take place) who obtains, 
through conscientious and reliable work, only an extraction of, say, 
about 70% of the gold contents. In the same way, if at one works 
a very high extraction is said to be obtained this is apt to be thrown 
in the teeth of another man who does not get as good a result, 
although very possibly the latter is a much more reliable statement 
of the work done, but not so gratifying. 

In comparing results of Olle works with another there are many 
points to be considered, and three of these may be mentioned here. 
Firstly, as regards the tonnage treated, the measurement of a tOll 
of tailings varies at the different works from 25 to 30 cubic feet, 
and this difference in measurement, when treating large quantities 
per month, say 5, 10 or 20,000 tons, may make a difference of 
several hundred tons treated in one works as compared with 
another. If the tonnage is different in any two works, then com
parisons can only be made on the extraction by assay or theoretical 
extraction, and this brings us back to the question at issue, namely, 
accurate sampling and assaying. Secondly, the screen through 
which the tailings have paf;sed, and the amount of fine sands and 
slimes in the stuff' under treatment. -With finely crushed material 
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I4 Chemical and Metallurgical Sodety of S. Africa 

(so long as free percolation can take place) a higher percentage of 
extraction almost necessarily follows, and this accounts for excep
tionally high extractions which can be obtained from pure slimes 
(on a small scale of course), slimes not having yet been treated on a 
commercial scale. Thirdly, when comparisons are being made, it 
should be distinctly stated whether the figures are meant to convey 
the actual extraction obtained, or only the extraction by assay. 
To my knowledge this omission has already created false impres
sions, and, as everyone knows who has worked for a few months in 
a cyanide works, the returns vary considerably. One month may 
be a "bad)) one, and the next a "good" one, and it is only by 
taking the average that a really correct idea of the work done can 
be obtained. The longer the period over which this average is 
taken the better, and I ma,y here state tha,t the average for the last 
two years' working at the Robinson shows a difference of under 3% 
between the theoretical and actual extraction. This is exclusive of 
the gold contained in the slags. 

Mr Feldtmann, in his valuable little pamphlet lately issued, .on the 
.extraction of gold by means of cya,nide, Sttys that the person in charge 
of a cyanide works ought to Le a chemist, and I thoroughly agt'ee 
with him in this. Any cyanide works manager ought to be able to 
make check assa,ys if at any time abnormally high (or low) results 
.are reported to him, and if he does not verify these results, but 
takes them on trust, then I consider he is to blame if they are found 
inaccurate. In the first page of Mr Feldtmann's pamphlet is found 
a record of the gold won by cyanide treatment since the process was 
introduced here, and the firRt six months of 1891 are the returns 
from the first works erected, those at the Robinson called the 
" old)) works. On referring to notebooks, I find there are certain 
discrepancies in the actual number of ounces, notably in February, 
when the figure is put down at 1547 instead of 1574. This m.ay 
be a printer's error, but it was an important month in so far that 
the weekly results during that month were, as soon as obtained, 
cabled to London, and the African Gold Recovery Company was 
.successfully floated shortly after. 

In conclusion, I would strongly recommend that this Society 
.should thoroughly discuss this very important matter of sampling 
and assaying, and perhaps through such discussion a more uniform 
method may be decided on and adopted than obtains at present, 
and I think more consistent results might then be looked for. 

G. A. DARLING. 
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Collecting Vats IS 

COLLECTING VATS 

T' ER)1EDlATE FILLING. The first attempts towards intermediate 
fi~:n(J" were made by running the battery tailings to the centre of a 
air~nlar vat, and allowing the overflow to take place at one point. 
This did not prove successful, because the sand piled np in a central 
conical heap, and the slimes settled in the deeper water around the 
sides of the tanks. 

The next plan was to run the pulp into the vat through a serieH 
f stationary launders, delivering at several fixed points. This 

~lethod improved the distrilmtion, but the result was still unsatis
factory. Then, in order to giv~ a uniform overflow at every point 
of the periphery of the vat, a circular trough was fixed ronnd the 
top to collect the overflow and deliver it in a launder. 

Each of these alterations was a step in the right direction, but the 
~ystem of settling could not be conside:ed successful un~il after ~he 
introduction, by Messrs Butters & l\fem, of an automatIC revolvmg 
distributor. This appliance consists of a cent.ral casting, with a 
vertical spindle "A" revolving in a footRtep bearing "B," which 
casting carries a conical hopper _" E," and a number of radial pipes 
" C," with bent ends as shown in section in figures 1, 2, 3 and 4. 

The distributor is fixed on an iron column in the centre of the 
vat. The bends at the end of the pipes cause the apparatus to re
volve by the reaction of the pulp as it leaves the pipes. Each pipe 
has a different length in order to distribute over a number of con
centric circles. 

As is indicated by this plan, the arrangement is a hemispherical 
bowl from which radiate 8, 12, to 16 pieces of pipes of various 
lengths which is set in motion by the centrifugal action of the dis
charging water, something similar to a garden sprinkler, only that 
it revolves slowly. The bowl is covered with a coarse screen so as 
to prevent chips or leaves from entering and choking the pipes. 
The diameter of the discharge pipes is I! to 3 inches. 

It is necessary to fill the vat with clean water before admitting 
the pulp. If this is not done, the water is practically stationary, 
and a constant settlement of slimes takes place until the vat is full 
and the overflow begins, in which case the tailings in the lower part 
of the vat will al ways be more slimy than those in the upper part. 
For the same reason, it is essential that the overflow be continuous 
until the vat is full of sand, for if any stoppage takes place, slime 
settlement in excess occurs, and a complete layer of slimes is formed 
'wross the vat, which prevents the overlying sand from draining dry. 
Therefore, when the battery is stopped, an equal quantity of water 
should be supplied to the vat. When the pulp is admitted into the 
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16 Chemical and Metallurgical Society of S. Africa 

tank previously filled with water, the light slime remains in sus
pension, and overflows into the annular ring which surrounds the 
tank at the top, and from the discharge opening is carried by a 
launder to the slimes plant. 

One very important matter is the proper size of vat to be used 
for a given tonnage crushed in battery. 

The following are the sizes of the intermediate vats erected at 
certain works :-

Meyer & Charlton, G. M. Co., treating 120 tons daily, has four 
vats, each 20 feet in diameter and 8 feet staves. 

Worcester Exploration & G. M. Co., treating 70 tOllS daily, has 
two vats, each 20.feet in diameter and 8 feet staves. 

Princess G. M. Co., treating 85 tons daily, has two vats, each 
20 feet in diameter and 7 feet staves. 

The Robinson G. M. Co., treating 330 tons daily, has six vats, 
each 24 feet in diameter and 11 feet staves. 

In this arrangement of collecting vats) with annular ring round 
the top, it was found not to be convenient in some cases to 
fill the vats with water, or the battery pulp stopped before fresh 
water could be run on, allowing the slimes which were in sus
pension to settle. To get over these difficulties the slat gate was 
introduced. This appliance consists of two upright deals, with 
grooves up the side, in which are dropped slats about 4 inches 
deep as the sand rises; a screen is fastened behind the slats to 
prevent any chips of wood, etc., getting to the slime works; all 
joints are made water tight with insertion. A slime overflow door 
is arranged in connection with it so that the tank can be closed, 
as shown in figs. 5, 6. 

The width of these slat gates vary according to the diameter of 
vats :-30 feet diameter, 2 feet wide j 24 feet diameter vat, 1'-8" 
wide. 

With this arra~gement the pulp from the battery is run 
through the distributor into the empty vat, which fills up to the 
overflow of the first slat, about 9" deep, when the slimes begin to 
flow over into the launder to the slimes plant as before. As the 
sand rises in the vat another slat is lowered, and so on until the 
tank is full. 

When the vat is filled with tailings the outlet pipe below the 
filter is opened and the W(1ter allowed to drain off; the draining 
taking about fifteen hours. To facilitate the leaching various 
devices have been adopted. At the Princess works, where the 
ground is steep, the drainage pipe has been extended down to the 
reservoir, thereby causing a natural suction. At the Simmer & 
Jack works the drainage pipe is connected with a steam exhaust, 
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C ollect£ng Vats 17 

acting like an ejector, so as to cause a vacuum below the filter, and 
thereby the rate of leaching is increased. 

After the water has been leached out the ore is discharged 
through bottom discharges into trucks, and taken to leaching 
tanks. In some localities the collecting tanks are on a higher level 
than the leaching tanks, and the trucks are then run by gravi
tation to the leaching tanks. At some works the collecting tanks 
are at a lower level than the leaching tanks, and then the trucks 
have to be hauled up. The framewurk of the tram lines, on which 
the trucks are hauled up to the leaching tanks, rests inside the 
tanks, and on the masonry foundation, and at large works, there is. 
generally a double line of rails on top of the tanks. 

In some cases the collecting tank is placed directly over the 
leaching tanks, or over two leaching tanks, and carried on cast-iron 
columns and I beam joists, in this method the hauling in trucks is 
dispensed with, and the sand is shovelled through the discharge 
doors to the tank underneath. 

The following are the advantages of intermediate filling :-

1. It is claimed that by means of the automatic distributor 
from 75 to 80 per cent. of sands, both coarse and fine, are collected 
in the intermediate tanks, the slimes escaping with the effluent 
water which is practically free from sands. 

2. The water is drained off as much as possible, and then the 
intermediate vat is discharged through the bottom discharges, the 
sands during the operation get thoroughly mixed up, thus being in 
the best condition fo[' treatment by cyanide. 

3. Oxidation of pyrites is very slight. 

The expense of transferring the tailings from the intermediate 
tank to the leaching tank is so slight that it cannot be considered 
as an important item. 

... 
[Note. -Now (1897) that double treatment is generally ad61)ted in modern 

plants, tho first portion of this operation can bo carried ont in the collecting 
vats by running through a dilute solution aftor the wator has boen drained off, 
the charge then being transferred to the leuching vats in the mallner already 
deseribed.-A. von G.] 

II 
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III 

A LARGELY attended meeting of members of the Chemical and 
Metallurgical Society took place in the Board Boom of the Chamber 
()f Mines on Saturday, 21st August 1894. Mr Bettel, President of 
the Society, was in the chair. 

The first paper was read by the 'Chairman himself on the subject 
()f sweep Rmelting and refining of gold and silver and platinum 
metals. In a speech of an hour and a-half he expanded on his 
paper and dwelt forcibly on the fact that the ancients were profi 
cient in the art. 

After Mr Bettel's paper, Mr W. A. Caldecott read an essay 
headed "Notes on Cyanide Work." No discussion was started on 
either paper, that being deferred for the next meeting. The meeting 
adjourned at a late hour. 

The PRESIDENT (Mr 'W. Bettel) read a paper entitled :

SWEEP SMELTING AND REFINING OF GOLD, SILVER, 
AND PLATINUM METALS 

At Attercliffe, near the River Don in Sheffield, are works of a 
company well known to every dealer and worker in gold and silver 
in the United Kingdom. This firm, known as the Sheffield Smelt
ing Company, has carried on the smelting works, originally erected 
in 1760, to refine gold and silver, and smelt residues, produced 
during the working of the precious metals by gold and silver 
smiths. 

To explain how, little by little, the present partners, aided by 
their scientific advisers, enlarged the scope of their operations from 
time to time would fill a volume. At present, therefore, I can 
only describe in outline the multifarious operations which were in 
existence during the time I was chemist and metallurgist at the 
works. At some future time, if leisUl'e permits, I may go into 
details. 

The materials purchased for treatment containing gold, silver 
and platinum metals, were as follows :-" Sweep" (literally floor
sweepings) from jewellers, gold and silver smiths and others; 
" Black pot" from mints, refineries, watch factories, &c., consisting 
()f old black lead pots or crucibles powdered and sifted. Large 
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Sweep Smelting and Refining of Gold, Silver, ere. 19 

consignments of this material were annually received from mints 
in Europe, America and Australia, from the Waltham and othel' 
watch companies, and from London refineries. Ashes, sand, lime, 
lemel, polishings, sawdust, wash-hands, dentists and photographers' 
waste, gold and silver lace, new and old naval and military buttons 
and waste from their manufacture, plated or washed with gold or 
silver, skewings from bookbinders (consisting of gold leaf and 
paste), metals of all kinds, in all forms, melted and unmelted, with 
more or less of the precious metals alloyed and adhering, old 
cyanide solutions from gold and silver plating, chloride of silver, 
deposits from electrolytic baths (copper, gold and silver plating or 
refining), picture-frame ashes, slags, old clay crucibles, skimmings, 
flue dust, base bullion in bars (or metals, either brass or lead, or 
mixtures with a considerable proportion of gold and silver, often 
pIa tinum, &c.), and gold and silver bars with more or less ini
purities. Precipitates of sulphides of silver, copper, lead, &c., 
from the Russell and other processes, assaying from 4000 to 
20,000 oz. silver per ton. Claudet's precipitate, containing from 
47 to 60 per cent. silver. By a contract with Claudet, the S.S. 
Co. bought all the precipitates made under this process until the 
expiration of the patent. 

Various other precipitates were bought carrying some gold, and 
from 1000 to 5000 ozs. silver pel' ton. Ores of lead and copper, 
gold and silver concentrates, &c., were purcha.sed. 

Sampling and assaying.-As may be gathered from the above 
list, the number of samples for assaying was very great j and to 
ensure accuracy, which meant the difference between profit and 
loss, there were four separate assay offices at the works. In three 
of these were assayers and their assistants (workmen who received 
from 25s. to 50s. pel' week), and the other was attached to the 
chemical laboratory, where myself and colleague and two assistants 
made analyses and assays. The chemical department only received 
eheck samples and samples of precipitates, ores, furnace products, 
or materials in which the percentage of silica, iron and iron-oxides, 
alumina, manganese, zinc, nickel and cobalt, lime, sulphur, arsenic, 
antimony, bismuth, lead and copper, as well as gold, silver, plati
num, iridium and palladium (and occasionally rhodium, ruthenium, 
.selenium and tellurium) had to be determined. With regard to 
sampling, I may say that all heaps were moistened by a spray of 
water on cemented floors, the system of quartering down being 
practised. In the cases of precipitates as many as ten 01' twelve 
separate samples in triplicate were taken and marked A, B, C, and 
D, etc., for the dried samples (110 deg. C.) j and U, V, W, X, Y, 
and Z for the wet samples j two-thirds of them sealed by sellers' 
representatives, so that for one parcel, say of 10 tons of material 
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20 Chemical and Metallurgical Society of S. Africa 

assaying 15,000 07:S. silver pel' ton, no less than thirty-six samples' 
(outside ,of moiRture samples) were taken, twenty-four of which 
,vould be sealed, twelve kept for reference, and twelve sent to 
Claudet, with whom we compared assays. In this way it was 
possible to arrive at a very close estimate of the contents of gold and 
silver. Check anaJyses for lead, copper, zinc, arsenic and antimony 
were also made, the copper and lead being paid for, if over 5 per 
cent., and a deduction being made of lOs. per nnit of impurities 
if, over 2 per cent. It was my duty as chief chemist to improve 
and modify methods of assaying, and to undertake work such as I 
have mentioned which the workmen assayers were unable, from 
want of chemical knowledge, to undertake. In addition to wet 
assays of "fine," "standard," "lime," and "water" silvers and 
other alloys and bars, and" brown," "bright," "dull," "fine," an(1 
"platiniferous" gOld; parting metal (practically free from platinum 
for the nitric parting process), platinum parting for the sulphuric 
process, platinum and palladium deposit, iridium, spongy platinum 
and palladium, had to lie assayed and analysed; and iridium, 
plntinum, rhodium and palladium estimated in alloys or residues. 
I also had charge of the reverberatory furnace treatment of 
sweeps, ores, residues, precipitates and bye-products, and control 
of the operations by frequent ltnalysis and assay. The technical 
direction of the refineries, nitric, sulphuric, and aqua regia 01" 

platinum refinery, and sulphate of copper works was also entrusted 
to me. 

The works, consisted of two water jacketted cupolas with fume
condensing appliances, for sweep, ore fume ltnd slag-smelting, of 
sweep-smelting furnaces for rich material; one calcining furnace 
for calcination of crude matte and regulus; one calcining furnace 
for preparation of copper oxide from metal and fine regulus; one 
desilverizing (or ironing) furnace for removing 96 to 98 per cent. 
of gold, and 50 to 70 per cent. of silver and lead contents from 
crude matte while raising the copper contents 10 to 15 per cent. ;, 
two sweating furnaces for reducing litharge and liquating from 
copper; one roasting furnace for producing copper regulus (70 to 85 
per cent. copper, 2 to 7 per cent. lead) or for metallic copper for 
conversion into oxide (value in silver 700 to 1000 oz. per ton), alse, 
containing gold, platinum, palladium, iridium, rhodium, and about 
i to t per cent. of arsenic and antimony and 2 per cent. nickel 
cobnlt and a trace of zinc. For cleaning (or softening cupriferous 
lead bullion) any of the newest furnaces, or furnaces recently re
paired, were used. One cupellation furnace for smelting rich material, 
called a "polishing" test, on which would be melted with litharge 
and fluxes such material as rich as we produce in our cyanide works 
(zinc slimes), polishing, photographers' waste, lemels, skewings, ancl 
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Sweep Smelting and Refining' of Gold, Silver, &c. 2 I 

rich residues from the works and refineries. One roughing test (or 
English cupellation furnace) for lead-silver-gold bullion free from 
platinum, for nitric refining; one roughing test for platiniferous 
lead bullion; one finishing test for platiniferous lead bullion; one 
finishing test for non-platiniferous lead bullion. Attached to the 
test-house were cupel a,nd test-ma,king rooms, a,nd va,rious storing
rooms for stomge of lead bullion, &c. One brick-lined softening 
furna,ce for removing zinc from desilverized lea,d. A small pla,nt 
for desilverizing liquated lea,d (3 ton capa,city) by Parkes zinc 
process. A plant for condensing silver-lead fume from reverbera
tory furnaces, consisting of ,t 35-h.p. engine, driving six Baker's 
gas-exlmusters 17 to 35 c. ft., cap. per rev.; 110 to 180 rev. per min. 
vVooden "fume" boxes with screens and exit flues for condensation 
of fumes by passing the gas in numerous streams through water 
(The French-vVilson Patent). The flues were over three-quarters 
of a mile long, terminating in a stack 150 feet high. Fire-places 
(of the slow combustion type) were employed for burning sawdust, 
paper, &c., and pans were pla,ced over a hot part of the nutin flue 
for evaporating gold or silver cyanide solutions (with sawdust) 
prior to calcination and smelting. 

The refining had four distinct departments :-1. Nitric acid 
refining, for separating gold and silver; 2. Sulphuric acid' refining 
for sepa,rating gold, palladium, platinum, a,nd iridium from silver; 
3. Pla,tinum and gold refining for separating and purifying gold, 
platinum, palladium and iridium; 4. Melting-house. 

Orushing and Pulverising :--l\fateria1 was crushed a,nd powdered 
by means of two Ohilian mills, one for coarse and one for fine 
crushing or grinding. 

Sulphate of Oopper Plant :-This was snmll, but suited to the 
requirements of the works. 

The processes in outline are :1S follows :-The material for 
smelting was mixed with Derbyshire lead shg and fluorspar, and 
melted in a, furnace containing molten lead and leady copper matte. 
The materia,l having been melted down, the copper was received into 
the ma,tte together with some gold and silver, and the rema,inder, 
with the exception of a sma,ll qua,ntity passing into the slag, was 
reta,ined in the molten lea,d. During melting it lllay be remarked 
a certftin proportion of the lead and silver passed away in fume. 
The remainder of the processes consisted in extracting the gold, 
sil vel', copper, lead, platinum, palladium and iridium from each 
other. 

In treating bye-products, and fina,lly removing the waste in the 
form of slag, the materials were returned as follows:-I~ea,dcon
taining about 2 dwts. of silver per ton, used for white lead making. 

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
)



22 Chem£cal and Metallurgical Soc£ety of S. Africa 

Sulphate of copper used for various purposes. Gold from 999'9 
per 1000 to alloyed gold of 994'8. Brown gold used in potteries, 
and dull gold preferred for making wedding rings on account of its 
purity. Grain silver assaying 998. Sheet silver, and bars of the 
same value, 998. Standard silver for hall marking in sheets and 
bars. Platinum sponge 99 per cent. purity. Palladium sponge 
and iridium in crystalline powder. 

The details of the operations required for the production of these 
materials are necessarily complicated, and it would be tedious to 
explain them at length. What I have said will give you some 
idea of the processes in connection with sweep smelting and refining 
of gold and silver and platinum metals. 

NOTES ON CYANIDE WORK 

Mr President and Gentlemen,-The trials made by the Cassel 
Company at the old Salisbury battery to uemonstrate the capabili
ties of the MacArthur-Forrest cyanide process came to an end in 
August 1890. As it was my fortune to leave the Witwatersrand 
immediately afterwards for De Kaap, possibly a few experiences, 
gained under conditions othel\ than those usual here, may have 
somewhat of novelty or interest to members of this Society, and in 
return some members may be good enough to throw light upon ·one 
or two points of Rand practice, which at first sight appear strange 
to an outsider. . 

The first two plants to commence cyanide work in South Africa 
upon a large scale were those erected to treat Robinson tailings in 
Johannesburg and Sheba tailings in De Kaap. At the latter the 
tailings were perhaps the richest ever known in Sout,h Africa, 
averaging 50 dwts. fine gold per ton before treatment. The extrac
tion from the 5400 tons of these first treated averaged about 70 per 
cent., this being the usual extraction ever since on this material 
crushed to the same degree of fineness, i.e., through a sieve of 1600 
meshes to the square inch. The residues hence contained 15 dwts. 
when discharged. About a year subsequently the African Gold 
Recovery Company decided to re-treat these residues, and then the 
extraordinary fact was discovered that their value was no longer 15 
dwts. but 9 dwtH. only. Explanations as to the rE!ason of this 
discrepancy were sought for in vain until, when all the residues had 
been re-treated, the site they had occupied was sampled, with the 
result that the top three inches were found to assay 38 dwts. fine 
gold per ton, evidently due to the cyanide solution contained in the 
residues continuing to act after discharge, and the soluble gold 
formed being gradually washed downwards by the rain. As this 
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Notes Oil Cyanide Work 23 

rich material was ordinary soil, containing 11 per cent. of organic 
matter, it was made into bricks, and, by burning, crushing, and 
mixing with coarser tailings, remarkably good extractions were 
obtained, though of course at considerable cost. 

Among the material subsequently treated at the old Sheba Cyanide 
Works were some 1300 tons of tailings which had been ground in 
a Wheeler pan with mercury. Much of this had been "floured," 
but when the pan tailings came to be treated no trace of it was 
visible in the pan, a conversion into sulphate of mercury due to 
action of oxidized iron pyrites having probably taken place. The 
cyanide solution, however, dissol ved this as mercuric cyanide, and in 
due course caused its precipitation in the extractors, where it amal
gamated the zinc, rendering it brittle and crumbly to the touch. 
As the result of the first month's work the extractors yielded a mass 
of crude gold-zinc amalgam, which, after purification with dilute 
sulphuric acid, weighed 1600 oz., and contained 20 per cent. of. 
bullion. This war; retorted in the orthodox fashion, and in all, from 
the above quantity of pan tailings, was recovered about a cwt. of 
mercury, or a flash and a half. 

The Barrett G. M. Co. at Kaapsche Hoop, some 30 miles west 
of Barberton, is probably unique, in that much of its ore is treated 
by cyallide, and very good extractions obtained, without preliminary 
crushing in a battery or other machine. The ore is of an earthy 
nature, containing much ferric hydrate, and is so soft that it does 
not require blasting for extraction, but is dug out with pick and 
shovel. By sifting through trommels worked by hand, the finer 
portion, after mixing with tailings to assist filtration, is fitted for 
cyanide treatment. Salt was at one time used in the solutions to 
the amount of i per cent. to ensure a clear filtrate, but lime was 
subsequently found to give as good results in this respect, and also 
lessened the cyanide consumption. The trommels referred to, or 
cylindrical rotary screens, such as are figured in the plan on the 
table, a,re also very useful in separating coarse tailings from lumps 
of slimes. They may he seen in operation at the Ca,ledonia Works 
of tl1e African Gold Recovery Company, near the Meyer and Charl
ton battery. For this purpose they possess the following ad van
tages over the incline sieves generally used :-

1. Greater capacity; a sieve 8 feet long and 3 feet in diamete.· 
has a capacity of 50 tons per day, and requires six Kaflirs to 
work it. 

2. Cleaner product; sieving of three or even four holes to the 
linear inch may be used. 

3. Perfect mixing of lime with tailings when this is required. 
4. Delivery of lumps into trucks without further handling. 
Among the points which recall to anyone acquainted with the 
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24 Chemical and Meiallurg'ical Society of S. Africa 
, 

~arly history of the cyanide process in the Transvaal, the methods 
first adopted, is the practice of washing up, as carried out on some 
Rand works. Among the steps of this operation is the drying of 
the gold slimes, for which purpose sllch vessels as prospecting pans 
and KafEr cooking pots are often used. PORsibly their employment 
may possess advantages which have ensured their survival j but, as 
instancing another method, that adopted at the new cyanide works 
of the Sheba G. M. Co., which I believe produce more gold than any 
other plant in the world, may be described. In washing up every
thing in the extractors which will past' a sieve of three meshes to 
the linear inch is removed, and from its comparative coarseness this 
material drains and filters rapidly. By this means the fine short 
zinc, which otherwise accumulates and clogs in the extractors, is 
constantly removed. This is placed in a tray of i-in. wrought iron, 
6 ft. X 3 X 1, heated by the flame from a fire passing along the flue 
below it. The large surface exposed by the slimes, as a layer ~-in. 
thick, of course ensures rapid evaporation of moist.ure. The tray is 
a convenient height from the fioor, and is accessible all round, all 
noxious fumes being drawn off by a hood overhead into a flue. 
When almost dry but not yet dusty the slimes are removed and 
mixed with 20 per cent. to 33 per cent. powdered nitre, according 
to the quantity of coarse zinc present. The mixture is then reo 
placed in the tray as a layer about ~-in. thick, when the large 
amount of oxidizer present causes quiet combustion to take place in 
a few mimites at a black heat, without the necessity for stirring. 
Copious fumes of zinc oxide and other compounds are evolved, but 
assay shows them to contain but little gold. 'When roasted the 
slimes are mixed with flux as follows :-

Slimes, 6 parts. 
Borax, 40 

" Soda, 2 
" Sand, 1 
" 

The large proportion of borax is required for fluxing the metallic 
oxides and the sand for protecting the pots from the alkali present. 
With the above mixture a plumbago crucible aftel' ten or twelve 
poul'ings was unattacked on the inside, though Rcaling outside. 
Somewhat less nitre should always be used, as experiment shows, 
than is required to render oxidation of the base metals complete, as 
otherwise in presence of free nitre not only would the plumbago 
crucibles be rapidly corroded, but the gold might be oxidized and 
passed into the slag. Besides rendering the bullion finer and the 
slag cleaner, this nitre roasting lessens by at least one half the time 
required for smelting of gold slimes, and violent ebullitions of 
vapours £I'om the charged crucibles when first heated are avoided. 
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Notes OiZ Cyanide Work 25 

At the Sheba G. 1\'1. Company from 3000 oz. to 4000 oz. of bullion, 
814 fine (worth £3, 9s. 2d. per oz.) can be obtained from roasted 
slimes, containing 33 per cent. fine gold, in twenty-four hours by 
the use of No. 70 plumbago crucibles with good coke in four-box 
furnaces, 20 in. square and 22 in. deep; the whole operation, from 
the time. the wash-up of the extractors is begull to the weighing of 
the b<lrs of bullion, taking about sixty hours. 

Readers of Colonel Ros!l's book on blowpipe analysis will remem
her his reference to the method of determining the specific gravity of 
a mineral" by carefully poising it in the right hand." The method 
adopted in many cyanide works of estimating the weight of 
tailings, contained in a vat of known dimensions, by allowing a 
certain fixed number of cubic feet per ton would seem at first sight 
to hear a strong re8emblance to the abo\-e plan. It will, I think, 
be generally admitted that the weight of a cubic foot of tailings de
pends upon at least the following factors, all liable to vlLl·iation 
from time to time :-

(1) Nature of material, e.g. whether weathered or pyritic. 
(2) Degree of fineness: other things being equal, the finer the 

material the lighter it is. 
(3) Whether or not closely packed, as in a settling pit or 

lower portion of a deep vat, or by being much tossed about, 
as in the operation of sifting. 

(4) Percentage of moisture it contains. 

The fact that not only do different works, treating much the same 
materittl, estimate their tonnage by widely varying standards, but 
that two different standards may be actually used in the same works, 
at the same time is a clear proof of the want of accuracy in the system 
referred to. In Stetefeldt's well-known work on the lixi viation of 
silver ores, the writer states that he has found the cubic-foot method 
to involve an error of 6 per cent. Possibly my own experience in 
this respe<;:t has been unfortunate, but, in two works with which I 
am acquainted, when the method of weighing trucks periodically 
and determining moisture was not adopted as a basis for calculation, 
it was found in the one instance that the supposed 50-ton vats con
tained 60 tons, and in the other that the capacity of certain vats 
had been estimated at the liberal rate of 45 cubic ft. per ton. 

As any comparison of estimated and actual extraction, and con
sequent check upon work, is impossible without accurate knowledge 
of the amount of tailings treated per month, the importance of this 
su~ject is apparent, and any light members can throw upon it will 
be of the utmost value. 

It is mentioned in Mr W. R. Feldtmann's valuable pamphlet on 
gold extraction by means of cyanide tha·t solutions after leaving the 
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26 Chemical and Metallurgical Society of S. Africa 

zinc boxes should not contain more than 2 dwts. per ton of fine 
gold. Assuming that this amount is present, would it not account 
for the soluble gold in the residues which is sometimes considered 
mysterious. Every ton of water introduced into the works, as 
moisture in the tailings charged, obviously necessitates a ton of 
dilute cyanide solution discharged as moisture in the residues. 
When a final water washing is used, this dilute solution is of course 
contained in the lower portions of the residues only. Here we would 
seem to have the reason for the lower portion of the residues being 
richer than the upper, simply because it is moistened with gold
bearing solution instead of water, and theories as to the cyanide solu
tion carrying rich gold slimes downwards through the charge and de
positing them near the bottom would appear needless. As some 
20,000 tons of dilute solution (8 per cent. on the total tonnage of 
tailings 'treated) is discharged monthly on the Rand as moisture in 
the residues, the loss involved, assuming it to contain only the dwt. 
per ton, would amount to £50,000 per annum, and the necessity for 
constant watchfulness to ensure proper precipitation in the zinc 
boxes by using solution of sufficient strength, sufficient zinc, and an 
equable slow rate of flow is obvious. 

In conclusion, Mr President and gentlemen, I must sa'y that to 
one who has been exiled for some years from a community such as 
this, one of the chief advantages of returning to it is the possibility 
of learning something both from what is said during the meetings 
of this Society and from daily contact with men such as those who 
compose its members, and by whose energy and skill the Rand has 
been raised to its present proud position of the greatest gold-pro
ducing centre in the world. 
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IV 

A MEETING of the members of the Chemical and Metallurgical 
Society of South Africa was held on Saturday, August 18, 1894, 
in the Board Room of the Chamber of Mines for the transaction 
of ordinary business. Mr Lionel Phillips, President of the 
Chamber of Mines, occupied the chair, and among the others 
present were Messrs A. F. Crosse, S. B. Asher, Littlejohn, Hall, 
V. Asher, Price, J. Curtis, Wallace, Darling, C. Butters, A. 
Brakhan, Coxon, Wood, Bettel, Dr Loevy, Shaw, T. F. Carden, 
A. von Gernet, A. R. Goldring, &c. 

The Chairman said the Society had done him the honour of 
asking him to preside, and as they had a great number of very 
interesting subjects to discuss and other business to do, he should 
\lot detain them with a speech, which he was sure could only be on 
extraneous matters. He invited discussion on Mr W. A. Calde
cott's paper, "Notes on Cyanide Work," read at a previous meet
ing. 

No one rose to speak, and the Chairman thereafter asked the 
Secretary to read a paper by Mr J. Buchanan, entitled ;-

NOTE ON DETERMINATION OF GOLD IN CYANIDE 
SOLUTIONS 

Up to about a month ago I had prided myself that I was the 
only original introducer of the following method of gold estimation, 
hnt one is always discovering anew the truth of Solomon's remark 
about the antiquity of novelties. I find that Mr Crosse has already 
advocated a modification of the following process, so that I cannot 
claim proprietary rights. 

Briefly, the process consists in precipitating a known quantity of 
solution with excess of argentic nitrate, decomposing the precipi
tate formed by means of a reducing agent, filtering, drying, and 
cupelling direct. 

In detail I find the best method of procedure to be as follows:-
195 C.c. of the cyanide solution are transferred to a flask of about 
500 c.c. capacity, and mixed with a few drops of potassic chromate. 
Argentic nitrate solution of any convenient strength, say 5 per 
cent., is then added, until the characteristic reddish tinge of the 
chromate shows that the reaction is complete. Then take 10 to 
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28 Chemical and Metallurgical Soczety of S. Africa 

~o grammes of zinc dust or shavings, mix them thoroughly with 
the precipitate and solution in the flask, and add 2 or 3 c.c. of 10 
per cent. sulphuric acid. Allow to stand for ten minutes, add 
excess of sulphuric acid to dissolve the remainder of the zinc; 
filter, wash once, dry, and incinerate on a roasting dish in the 
muffle, and cupel with a little lead. This method does away with 
the trouble of fluxing, and has the advantage of allowing of a 
great number of samples being done together and quickly. 

The results, on the whole, are slightly lower than those obtained 
by the ordinary precipitation method, as the following table will 
show:-

EVAPOHATlON. PHECIPl'l'ATlON. Difference. 
F.M. Oz. dwt. gr. F.lVI. Oz. dwt. gr. Dwt. ge. 

I. '4-86 4 14 12 '4-6.5 4 10 10 4- ~ 

II. '~94- ~ 17 4- ·~'9 ~ 14 6 2 22 
III. '087 0 16 22 '084- 0 16 8 0 14 
IV. '04-3 0 8 8 '042 0 8 4- 0 4-
V. '021 0 4- ~ '020 0 :3 22 0 4-

It will thus be seen that, while for some reason the precipitation 
in Rtrong solutions does not seem to be complete, yet for solutions 
of average strength, sllch afl are met with in ordinary practice, the 
differences are simply tho~e of obserV<1tion and manipulation .. 

\Vhile this note is not intended to cause a revolution in the 
methods of estimation, I trust that it will at least provoke an 
interesting discussion on testing in general. 

Mr Crosse explained the method adopted by him. 

ELECTRICAL PRECIPITATION OF GOLD 

lVIr A. von Gernet read the following paper on "The Electrical 
Precipitation of gold from cyanide solutions" :-

A It hough the electrical precipitation of gold, extracted from ores 
by cyanide, has only recently been introduced into South Africfl, it 
has been in use in Europe and Asia as far back as the year 1888. 
The author, having been connected with this process from the 
beginning, is thereuy enabled to give some information concern
ing its development, based on actnal working data, which may be 
of general interest. In 1887 Dr Siemens found that the gold 
anodes used in electro-plating at his works in Berlin lost weight 
when standing idle in the cyanide liquor, without any electric 
current passing through the bath. This fact, backed by the state
ments of chemical anthorities that gold is solu ble in cyanides, first 
induced him to try the use of a cyanide solution to extract gold 
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Electrical Precipdation of Gold 

from ores. In the same year he built a small plant to make 
experiments on concentrates, produced at Siebenburgen. The gold 
was precipitated from the solution both by electrolysis and with 
zinc filings. It was found, bow ever, that the zinc method gave 
(food results with strong solutions only, while the electric precipita
tion was equally effective with either strong or weak solutions, and 
its efficiency was not lessened by the presence of caustic soda. Dr 
Siemens thercfore decided to use electrolysis only. Early in the 
year 1888 he commenced operations on a larger scale, and engineers 
~vere sent out to several different countries. Two went to Hungary, 
another to America, and the author to Siberia. The results obtained 
were generally satisfactory, although, as might be expected, they 
varied considerably owing to the different conditions existing in 
the respective places. Nothing was donfl in this country at that 
time, as thc patent question was not then settled. Except to 
mention the fact that lVIr Siemens was the f1pplicant for and holder 
of the first patent in the Transvaal for the extraction of gold by 
means of cyanide, it is not necessary to discuss this matter, as such 
questions are beyond the scope of a technical paper. 

It would be superfluous to explain the elementary principles of 
electrolysis to the members of this society, but it is necessary 
to point out some of the reasons why such f1 large number of 
electrolytic processes have not succeeded commercially, the output 
from them having been larger in profanity than in gold. As you 
are aware, the electric current decomposes a solution of a metallic 
salt, the metal being deposited on tbe negative pole, while the 
metalloid is liberated at the positive pole of the electrolytic cell. 
In a lixed time, a given electric current will deposit a certain 
quantity of metal, which quantity varies for different metals in 
direct proportion to their electro-chemical equivalents. This law 
holds good only for solutions strong in metal, but with very dilute 
solntions, as in use in the cyanide process, the current does not 
find sufficient of the metallic compound present at the electrodes, 
I1nd consequently decomposition of water also takes place. For 
this reason, to make the efficiency of the precipitation as great as 
possible, constant diffusion of the solution is requisite. In order, 
therefore, to create an artificial diffusion, a mechanical movement 
of the solution is important, and the most economical and con
venient way of effecting this is to allow a slow but steady flow 
through the precipitation boxes. But it is still more iniportant to 
give a very large surface to the electrodes. In fact a better effect 
is obtained by doubling the number of plates than by increasing 
the current tenfold. For t.his reason it will be seen that mercury 
cathodes cannot be used with good results. In order to precipitate 
100 tons of cyanide solution containing 5 c1wts. of gold per ton in 

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
)



28 Chemical and Metallurgical Society of S. Africa 

20 grammes of zinc dust or shavings, mix them thoroughly with 
the pl'ec1pitate and solution in the flask, and add 2 or 3 c.c. of 10 
per cent. sulphuric acid. Allow to stand for ten minutes, add 
excess of sulphuric acid to dissolve the remainder of the zinc; 
filter, wash once, dry, and incinerate on a roasting dish in the 
muffle, and cupel with a little lead. This method does away with 
the trouble of fluxing, and has the advantage of allowing of a 
great number of samples being done together and quickly. 

The results, on the whole, are slightly lower thnn those obtained 
by the ordinary precipitation method, as the following table will 
show;-

EvAPORATION. PRECIPITATION. Difference. 
F.M. Oz. dwt. gr. F.M. Oz. dwt. gr. Dwt. gr. 

I. ·486 4 14 12 ·465 4 10 10 4 2 
II. ·294 2 17 4 ·279 2 14 6 2 22 
III. ·087 0 16 22 ·084 0 16 8 0 H 
IV. ·043 0 8 8 ·042 0 8 4 0 4 
V. ·021 0 4 2 ·020 0 :3 22 0 4 

It will thus be seen that, while for some reason the precipitation 
in strong solutions does not seem to be complete, yet for solutions 
of average strength, such as are met with in ordillary practice, the 
differences are simply tho~e of observation and manipulation .. 

vVhile this note is not intended to cause a revolution in the 
methods of estimation, I trust that it will at leaijt provoke an 
interesting discussion on testillg in general. 

1I1r Crosse explained the method adopted by him. 

ELECTRICAL PRECIPITATION OF GOLD 

:i\1r A. von Gernet read the followiug paper on "The Electrical 
Precipitation of gold from cyanide solutions" ;-

A Ithough the electrical precipitation of gold, extracted from ores 
by cyanide, has only recently been introduced into South Africa, it 
has been in lise in Europe and Asia as fnr back as the year 1888. 
The author, having been connected with this process from the 
beginning, is thereby enabled to give some information concern
ing its development, based on actual working data, which may be 
of general interest. In 1887 Dr Siemens found that the gold 
anodes used in electro-plating at his works in Berlin lost weight 
when standing idle in the cyanide liquor, without any electric 
current passing through the bath. This fact, backed by the state
ments of chemical authorities that gold is soluble in cyanides, first 
induced him to try the use of a cyanide solution to extract gold 
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Electrical Precipdation of Gold 

from ores. In the same year he built a small plant to make 
experiments on concentrates, produced at Siebenburgen. The gold 
was precipitated from the solution both by electrolysis and with 
zinc filings. It was found, however, that the zinc method gave 
(food results with strong solutions only, while the electric precipita
tion was equally effective with either skong or weak solutions, and 
its efficiency was not lessened by the presence of caustic soda. Dr 
Siemens therefore decided to use electrolysis only. Early in the 
year 1888 he commenced operations on a larger scale, and engineers 
~veJ'e sent out to several different countries. Two went to Hungary, 
another to America, and the author to Siberia. The results obtained 
were generally satisfactory, although, as might be expected, they 
varied considerably owing to the different conditions existing in 
the respective places. Nothing was donfl in this country at that 
time, as the patent question was not then settled. Except to 
mention the fact that :M:r Siemens was the applicant for and holder 
of the first patent in the Transvaal for the extraction of gold by 
means of cyanide, it is not necessary to discuss this matter, as such 
questions are beyond the SCOpfl of a technical paper. 

It would be superfluous to explain the elementary principles of 
electrolysis to the members of this society, but it is necessary 
to point o~t some of the reasons why such a large number of 
electrolytic processes have not succeeded commercially, the output 
from them having been larger in profanity than in gold. As you 
are aware, the electric current decomposes a solution of a metallic 
salt, the metal being deposited on the negative pole, while the 
metalloill is liberated at the positive pole of the electrolytic cell. 
In a fixed time, a given electric current will deposit a certain 
quantity of metal, which quantity varies for different metals in 
direct proportion to their electro-chemical equivalents. This law 
holds good only for solutions strong in metal, but with very dilute 
solutions, as in use in the cyanide process, the current does not 
find sufficient of the metallic compound present at the electrodes, 
and consequently decomposition of water also takes place. For 
this reason, to make the efficiency of the precipitation as great as 
possible, constant diffusion of the solution is requisite. In order, 
therefore, to create an artificial diffusion, a mechanical movement 
of the solution is important, and the most economical and con
venient way of effecting this is to allow a slow but steady flow 
through the precipitation boxes. But it is stillmore inlportant to 
give a very large surface to the electrodes. In fact a better effect 
is obtained by doubling the number of plates than by increasing 
the current tenfold. For t.his reason it will be seen that mercury 
cathodes cannot be used with good results. In order to precipitate 
100 tons of cyanide solution containing 5 dwts. of gold per ton in 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)
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twenty-four hours, about 10,000 square feet of surface is required. 
If the bottoms of the precipitation boxes were covered with mercury 
it would be necessary to have it at least a quarter of an inch deep t~ 
make up for differences of level, and thus ensnre that the whole 
surface should be covered. This requires over 200 cubic feet of 
mercury, weighing 80 tons. Not only the initial expense, but 
also the trouble in cleaning up makes the use of mercury in this 
way as an electrode impracticable. The vertical position in which 
metallic plates can be placed has the great advantage of keeping 
the surface of the cathodes clean, as any solid matter entering the 
boxes in suspension sinks to the bottom of the latter, no obstruction 
being offered to its downward course. Sheets of solid metal (as 
copper), coated with mercury, have also been tried, but have been 
unsuccessful, because the mercury, owing to the action of the 
current, will penetrate the copper, and form a dry amalgam, 
which does not adhere to the plate. To obtain a satisfactory 
cathode a metal must be llsed which will fulfil the following 
conditions ;-

1. The precipitated gold must adhere to it. 
2. It must be capable of being rolled out into very thin sheets 

to avoid unnecessary expense. 
3. It must be easy to recover the gold from it. 
4. It must not be more electropositive than the anode in order 

to prevent return currents being generated when the depositing 
current is stopped. 

The most suitable metal for the purpose is lead, which is, 
therefore, used in the Siemens process, and which meets all the 
requirements of the case. Not less important is the question of 
anodes. By the action of the current, a metalloid is liberated at 
the positive electrode, and the latter, when a metal, begins to 
oxidize. Carbon could be used as an anode, but it will not with
stand the action of the current, and soon crumbles into a fine 
powder, which decomposes cyanide. This finely divided carbon is 
in suspension, and can not be removed from the solution by 
filtration. Zinc llsed as an anode forms a white precipitate of 
ferrocyanide of zinc by the reaction of oxide upon ferrocyanide, 
formed during the leaching. Similarly iron anodes form Prussian 
blue by the reaction of oxide of iron and ferrocyanide. In 
consequence of this reaction, the amount of ferrocyanide in the 
cyanide solution does not increase. From the Prussian blue the 
cyanide can be recovered by dissolving it in caustic soda, then eva
porating the solution, and finally smelting with potassium carbonate. 
This last process has been carried out only on a 'small scale, about 
50 Ibs. at a time, but a nice clean cyanide of potassium was ob· 
tained. In the treatment of tailings, this regeneration of cyanide 
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Electrical Precipitation of Gold 3 I 

. t of areat importance, but with concentrates, which decompose 
IS no b • f t' f f 'd't '11 ffi the solution wIth orma IOn 0 errocyam e, 1 WI e ect a con-
'derable economy. 

SI In order to precipi~ate the go~d from cyanide ~olutions, only a very 
k current is reqUIred, that IS to say, a densIty of about '06 amp. 

We~'1 square foot. ·With cathodes about I~ inches apart, 4 volts 
Is sufficient to produce this current strength. The advantages 

. ed by using such a weak current are ;-ga,ln 
1. The gold is deposited hard on the plates. 
2. The iron anodes are preserved for a long time, as their waste 

is in proportion to the curren.t strength. In a ~lant treating 3000 
tons per month 1080 Ibs. of Iron are destroyed m that period. 

3. Little power is required. 746 Watts equal 1 h.p. A 
:3000 tons plant requires 2400 Watts, equal theoretically to 3t 
h.p., and actually requiring about 5 indicated h.p. 

The most important feature of electrical precipitation is that it 
operates on the. solutio~ quite .independe~~ly .of the amount of 
cyanide or ca~stlC. s?da I~ contams. PreClpIt~tIOn by ~eans of a 
chemical reactIOn IS mvarIably more complete wIth a solutIOn strong 
in cyanide than with a weak one; but with electricity it is absolutely 
of no importance whatever. Therefore, in the treatment of tailings, 
very dilute solutions can be used, the only limit being a sufficient 
amount of cyanide to dissolve the gold satisfactorily. Moreover, 
however acid the solution may be, when entering the boxes the 
precipitation takes place equally well, the same amount of gold 
being recovered as from a neutral or alkaline solution. There are 
none of the complications arising from the formation of lime and 
alumim1 and hydrate of iron, which, under similar circumstances, 
sometimes occasion so much trouble in the zinc process. Everyone 
here present is aware that a solution containing '03 per cent. of 
cyanide will dissolve gold just as effectively as a solution containing 
'3 per cent., provided a longer time is allowed for treatment. In 
the first case, the decomposition of cyanide in the tailings is much 
less than in the second, and a corresponding economy is effected. 
The moisture in the original tailings being usually about the same 
as that contained in the residues, there is as a rule no chance to give 
a large water wash after the cyanide treatment is finished. The 
residues discharged contain 10 to 15 per cent. moisture, carrying 
about '1 to '05 per cent. cyanide solution when the zinc process is 
employed. This is equivalent to i lb. of cyanide per ton of tailings. 
This loss may be reduced to I-40th lb. by using as weak wash a 
solution containing only ·01 per cent. cyanide, which strength will 
be perfectly suitable for electrical precipitation-though difficult to 
deal with by the chemical method. 
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Having described the principles involved in this process it only 
remains to give some details as to the practical working results ob
tained at the Vv-orcester works. There are now in use five leaching 
vats of 20 feet diameter with 10 feet staves, each holding 270{J 
cubic feet. One tank is discharged and filled every day. The 
strong solution used contains from '05 to '08 per cent. cyanide, and 
the weak washes '01 per cent. Th~ actual extraction of fine gold 
has averaged 70 per cent., while the consumption of cyanide has 
been i- lb. per ton of tailings treated. The precipitation plant 
consists of 4 boxes 20 ft. X 8 ft. X 4 ft. Copper wires are fixed 
along the top of the sides of the boxes, and convey the current 
from the dynamo to the electrodes. The anodes are iron plates 7 
ft. long, 3 ft. wide, I-8th inch thick. They stand on wooden strips, 
placed on the bottom of the box, and are kept in vertical position 
by wooden strips, fixed to its sides. In order to effect circulation 
in solutions passing through the box, some of the iron sheets rest 
right down on the bottom, while others are raised about one inch 
above the level of the solution, thus forming a series of compart
ments similm' to those of a zinc box, the difference being that the 
solution passes alternately up and down through successive compart
ments. The sheets are covered with canvas to prevent short circuit. 
The lead sheets are stretched between two iron wires, fixed in a 
light wooden frame, which is then suspended between the iron 
plates. The boxes are kept locked, being opened once a month for 
the purpose of the" clean up," which is carried out in the following 
manner :-The frames carrying the lead cathodes are taken out one 
at a time. The lead is removed and replaced by a fresh sheet, and 
the frame returned to the box, the whole operation taking but a 
few minutes for each frame. By this means the ordinary working 
is not interrupted at all, and the cleaning out of the boxes, which is 
necessary in the zinc process, is only required at very long intervals. 
The lead which contains from 2 to 12 per cent. of gold, is then 
melted into bars and cupelled. The consnmption of lead is 750 Ibs., 
per month, equal to 1 ~d. per ton of tailings. The working expenses, 
including filling and discharging tailks, come to 3s. per ton. When 
working on a larger scale, the expenses will, of course, be reduced. 

After the facts mentioned in this paper it will no doubt be con
ceded that electrical precipitation has emerged from its experimental 
infancy and grown up into healthy manhood, and proved itself to 
be a technical and commercial snccess, and that it is in every respect 
at least as good a method of precipitation as the zinc process. Any 
way, it exists as a tangible fact, which cannot be explained away by 
argument, 01' ignored by commercial men, who require the best work 
at the cheapest rate. It is to be regretted that the time available 
has not allowed such a fully detailed account as could be wished, 
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E ledn'cal P1'ecipitatiolZ of Gold 33 

bnt sufficient has been said and figures enough given to place the 
Siemens and Halske process within the category of practical precipi
tants of gold from cyanide solutions (loud applausfl). 

The Chairman said they had all been very pleased to hear Mr Von 
Gernet's very clear and able paper upon electrical precipitation. He 
believed it was not customary at the Society's meetings to discuss a 
paper at the meeting at which it was read, in order that members. 
might have an opportunity of considering all the scientific bearings 
of the subject dealt with, and therefore he presumed they would 
pass to the liext matter on the notice paper; but, speaking as one 
largely interested in the mining industry, he would like to say that 
Mr Gernet's paper was one of almost a startling nature (hear, hear). 
He thought they should all look forward with much interest to this 
process of precipitation. There was one important point besides 
those dealt with in the paper, and that was the price that would be 
asked by the gentlemen owning the process from the 'gentlemen 
nsing it (laughter). 

Mr Butters suggested that they might have a brief discussion 
there and then, as there were some gentlemen present who might 
not be back at the following meeting. 

The Chairman said he had no 'objection to this. 
Mr Butters said he did not know they could say any more than 

Mr Von Gernet had said, but there were one or two points which 
might be emphasized .. 

The Chairman aftet'wards read a statement of the costs of the 
new process as follows:-Filling and discharging, 10d. per ton; 
cyanide, 6d.; lime, 1·2d.; caustic soda, ·05d.; lead, l·ld.; iron, 
2·2d.; white labour, 5·2d.; native wages and food, 1·9d.; coals, 
4·Gd.; stores and general charges, 3·2d.-total, 3s. 

Mr Butters observed that the charge for white labour, viz., 5d. 
per ton, was very high. They were only treating at the Worcester 
100 tons 11er day. If they were treating 8000 tons a month instead 
of 3000 tons, the cost would be the same, and white labour would 
be only -kth of the present chaL'ge. The high charges were for 
white labour and coal. Coal would be nearly constant for addi
tional plant; but while white labour would not be constant with a 
larger plant, coal would be perhaps a ld. cheaper, and white labour 
would come down to ld. per ton instead of 5d. That meant a 
saving of 5d. IJer ton in larger worb. In the case of the 
McArthur-Forrest process the cost of zinc came to 2!d. on every 
ton. The new process had lead and iron and coal as heavy items 
against cyanide, zinc, and coal in the McArthur-Forrest process. 
Mr Von Gernet had taken iron at 2·2d., but he had written the 
cost off by depreciation in one year, whereas it would last probably 
for three years; but all the costs they had taken at the outside. 
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They thought the total cost would come down to 28. 6d. per ton 
with an ordinary cyanide plant of from 6000 to 8000 tons per 
month. Of course the gain of the process was in the lesser cost of 
cyanide. Anybody could work at 4s. per ton, but they thought 
they could reduce that by Is., or may be Is. 6d. If they' could 
bring down the cost to 2s. 6d., there would be an enormous gain. 
As the boxes had only to be opened once a month, that represented 
a great advantage in various ways. 

The Chairman-Is this theoretical or actual experiment? 
]\'[1' Butters-Actual, for the time the works have been running, 

viz., four months. 

TIlE ROYALTY TO BE CHARGED 

The Chairman-Can you enlighten us as to the cost this process 
·can be worked at as a patent? 

Mr Butters-The royalty ~ The Rand Central Ore Reduction 
Company, he said, represented the process here, being connected 
with Siemens & Halske, of Berlin. They had not yet fixed the 
royalty, but both the principals of his Board and himself wanted 
a very low royalty. He was satisfied they had got a very good 
process, but he did not want to make all the money that was to be 
made in the country. (Laughter.) Individually, he should be 
satisfieq with a royalty of 21 or 3 per cent. 

The Chairman-You mean your personal share ~ (Laughter.) 
Mr Bntters-I shall be very well satisfied with that as my 

personal share. (Renewed laughter.) 
The Chairman expressed the hope that the process might prove 

in practice even better than it promised to be, and that the royalty 
might be low. 

WITWATERSRAND BANKET BEDS 

A THEORY OF THEIR PROBABLE ORIGIN 

THE following interesting paper was read by Mr F. G. Shaw, 
F.G.S., A.M.Inst.C.E. The author, for the better elucidation or 
his theories, exhibited a number of rough geological plans :-

It was with pleasure that I accepted the invitation of your 
President to read a paper on the probable theory regarding the 
formation of the conglomerates of South Africa and their 
:Illl'iferous condition. While I was in England many letters were 
written here on this suhject, owing,' I think, to a very hasty con
tribution of mine in the Star of February 17th, 1893; and I have 
.always looked forward to the time when I might in person explain 
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roy views on this interesting subject. I trust you will pardon the 
shortcomings ot this paper and the extremely rough diagrams, as 
both of these were only commenced yesterday. 

I will proceed by briefly drawing a picture of the early condition 
of our sphere, in the days when the first foundations were laid of 
the continent we now inhabit, and work my way up to the present 
time, claiming yoUl' kind attention to the fact that the theories I 
wish to prove are (1st) those relating to the spreading of the 
parallel systems of sandstones and conglomerates, and (2nd) their 
remarkable alteration from a mechanical or sedimentary deposit to 
one having all the characteristics of an ordinary fissure vein; and 
the interest of the paper will therefore centre on a sea beach and 
sea action to account for the fot'mer, and a pseudomol'phic action to 
account for the latter. 

According to scientists, at least 400,000,000 years ago this earth 
had gradually assumed a molten state, and was surrounded by an 
immense thickness of heated' atmosphere, containing in suspension 
all the minerals, &c., whose point of evaporation was below that of 
the atmosphere, and was gradually losing by radiation a portion of 
its heat. The formation of a film of the earliest plutonic rocks on 
the molten surface of the sphere would be the first change of 
serious importance. This film would for a very great period be too 
much broken up by the ebullition of the molten mass beneath it to 
allow of anything more being formed than broken and disjointed 
fragments of red-hot mineral, which might, by the centrifugal force 
of the rotating earth, naturally accumulate at the equator, and thus 
the first real elevations on our sphere would be formed. By degrees 
this film would become sufficiently strong and continuous to check 
the extreme radiation of heat, and the atmosphere, becoming cooler 
in consequence, would begin to diminish in height, and finally con
densation of some of the heated vapours would take place. 

In course of time, on the cooling crust would descend the waters 
hitherto held in suspension, and now forming our oceans, rivers, &c. 
Eruptions and denudations would be constantly occurring, and the 
mud, stones, clays, and shales of the early sedimentary period would 
be formed, resting on the earlier plutonic rocks-bent, twisted, and 
foliated, as we now find them in the Silurian rocks of the low veldt. 
Gradually this crust would cool, and become sufficiently strong to 
sustain the weight of an ocean extending probably over most of the 
earth; for while the centrifugal force would be sufficiently great at 
the equator to support mountain ranges, probably elsewhere the 
crust would not be sufficiently rigid to do so, and the earth would 
present the appearance of a more or less rigid body, supporting at 
the equatorial regions mountain ranges, and over the rest of the globe 
an ocean, the whole mass being subject to the wavy upheavals and 
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depressions which we even now see taking place in various parts of 
the world. 

To turn to the South African continent, we should at that time 
have the various rocks up to the Silurian age, covered with an 
ocean, and subject from various causes to upheavals amI depres
sions, bordered probably at the equatorial l'egion8 with land at a 
much greater elevation, which, rising above the ocean level, would 
be subject to immense denudations, caused by the great heat and 
the constant and tremendous downfalls of rain. If, then, after 
many millions of years, that portion of the earth now forming 
South Africa were slowly elevated, we should find that these up
turned and foliated mud, stones, clays, and shales had been gradu
ally covered by a stratum of more or less horizontal sandstone shed 
by the ocean, above whose surface they were now, for the first time 
since their submergence, raised, and the great mass of detritus 
brought down by the rivers of the equatorial regions would, as the 
ocean receded owing to this elevation of the land, be either spread 
by the beach action of the receding sea or heaped in irregular 
masses in the beds of the rivers bringing them down. 

After this period a subsiding motion of this portion of South 
Africa would cause the ocean once more to advance and spread 
even more regularly the detritus left by its receding action, and to 
once more cover South Africa, depositing on its former beach 
stratum another band of sandstone j and theu, bya succession of 
such elevations and depressions, alternately spreading the con
glomerates and depositing the sandstones, until either the equa
torial regions were incapable of shedding further detritus or the 
livers carrying them had worn channels too far beneath the level 
of the sandstones to allow such detritus to be deposited upon them, 
or until the rigidity of the earth's crust had become sufficiently 
pronounced to allow South Africa the privilege of keeping her head 
permanently above water. 

If a section be taken in any direction of South Africa, the 
exhibited drawing will indicate the general geological features of 
the continent. Of course, there are places where rivers have 
apparently cut their way clean through all the strata; also places 
where strata have been tilted by the eruptive rocks and the lateral 
pressure of the shrinking earth. This will have in many places 
apparently destroyed the geological sequence as indicated in my 
rough plan. 

Such, then, is the theory I have formed as to the spreading and 
covering of the various parallel seams of conglomerate, and I am 
inclined to think, from the similarity of the geological section, that 
the whole of South Africa has, about the same periods, been covered 
by an advancing and receding ocean, and that the estuaries, 
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bays, &c., of such an ocean may have differently affected certain 

parts. t d . . .. h . h· h th The nex an most lllterestlllg POlllt IS t e manner III w IC e 
(fold has been deposited in the conglomerates. I have in my 
~ossession two pebbles taken from these conglomerates which each 
contain a "colour" of metallic gold. These pebbles prove that, 
from whatever source and from whatever distance brought, some at 
least were gold-bearing; therefore, a certain amount of free gold 
would be mechanically deposited in these seams, derived from the 
broken matrix of the more ii-iable and smaller pebbles by the 
grinding action of such a sea beach as just described. Such a 
class of gold would be fairly well distributed, and would present 
the rounded appearance of alluvial gold. It may therefore be 
taken for granted, by assumption, that a certain all101mt of gold 
now in the conglomerates was mechanically deposited in the way 
just mentioned, though differing from ordinary alluvial deposits of 
gold in the manner in which it is spread through the conglomerates, 
in its extreme fineness, and by its not lying on the top or bottom 
of the seams-not having been carried there so much in the form 
of free gold, bnt deposited more or less in situ from the destruction 
of friable matrix. 

The gold, however, which is thus accounted for forms but a 
small proportion of that carried in the reef. Mr Alford says, in his 
work on the "Geological Features of the Transvaal," that, so far as 
he has noticed, "the gold is almost invariabl'y in a more or less 
crystalline form, the cube in its derived forms being more or less 
detectable." He has also observed it in" the cleavage-planes of the 
pyrites in the form of minute plates and scales;" and he also says, 
" it appears certain that the gold was not transported to its present 
position in the form of native gold by water"; and again, " its 
origin is a curious and interesting problem." The result of my in
vestigations has been to confirm those of Mr Alford, and to lead me 
to a careful study of this subject; and it was only after a diligent 
search that I became convinced that the character of a great part 
of the matrix now holding the pebbles together had altered since 
those pebbles were originally deposited, and that the silicions 
matrix now in the conglomerates was pseudomorphic III 

character. 
I am therefore inclined to believe that the original matrix, when 

argillaceous, calcareous, felspathic, &c., must have been displaced, 
and a pseudomorphic matrix, carrying gold, sulphur, iron, &c., has 
taken its place; while that part of the original n).atrix formed 
by fine silicious material has been more firmly cemented by the 
intruding silicious waters. My reasons for thinking so are as 
follows ;-In the oxidized as well as in the un oxidized portions of 
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these conglomerates the pebbles are held apart by a distinctly 
crystalline matrix of silica. N ow, in whatever manner these beds 
were spread over so large an area, it cannot be imagined that the 
pebbles themselves sank into a firm, jelly-like mass. of silica, and 
remained more or less suspended in it, even if oxide of silicon eVer 
assumed so consistent and glutinous a character. It is probable 
that an after-crystallisation of the matrix must have taken place, 
together with a deposition of its containing minerals, and may be 
accounted for in the following manner. After the gradual layinrr 
down of these conglomerates, &c., intrusion of igneous rocks took 
place, and the vast horizontal beds of sandstones, &c., were in some 
places broken up and tilted as in the Witwatersrand basin, and so 
acquiring a dip would either form natural drains for infiltrating 
surface waters, or funnels through which the underground thermal 
waters, laden with their store of lllinerals, would force their way 
upward (through the fisRures dislocating these seams, and caused by 
the upward action of trappean rocks) and reach the surface. In 
either case the silicon contained in these waters would crystallise in 
its passage through the conglomerateR, and form the matrix that 
contains the minerals now found. It can easily be understood that 
an argillaceous or other matrix would be soon eaten away by such 
an action, and so the succeeding matrix would become pseudo
morphic in character. The contained minerals of such an infiltrated 
solution would even penetrate to some distance into the hanging 
and foot-wall of the containing sandstones, which, so far as I can 
observe, it certainly seems to have done. It must be remembered 
that, after the gt·adual deposition of these sandstone measures, which 
must have taken immense periods of geological time, this part of the 
earth's crubt was gradually elevated, as the earth cooled and con
traeted until marine invasion was a thing of the past. Then the 
continuous downfalls of rain and great· geyser visitations would 
form shallow thermal seas containing large amounts of minerals in 
solution, and the tilted conglomerates would become natural drains, 
carrying the waters of these seas to the fissures (caused by the 
trappean eruptions) penetrating their systems, and thence taking it 
to some subterranean cavity, perhaps to be thrown up again bearing 
more mineral. The result of these streams carrying, as they would, 
a large amount of silicon would be the eating away of the matrix 
and the crystallisation of the silicon in its place, probably filling, at 
different parts of the conglomerates, the fissures caused by the 
intrusive action of the trappean rock. If, on the other hand, the 
matrix and containing minerals were formed by the action of an 
upward flow from some thermal spring containing silicious and other 
matters in solution, entering the conglomerates at points where the 
intrusive trappean rocks had cut them off, then the affinity for gold 

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
)



Witwatersrand Banket Beds 39 

I 'ch these trappean rocks seem to possess should be remembered. 
~~hl~y are in this country frequently associated with gol~, which they 

. ht communicate to, or take from, such thermal sprmgfl, and by 
l~gs imparting the gold to the water in their vicinity, or only 1 ~rivin" it of the certain quantities of such gold, have allowed this 
,,~fd 01' the residue of the gold to become crystallised in the silicious 
~latrix of the conglomerates, and thus be deposited in a crystalline 
fOI'I11 in the reef. 

If my theory as to the pseudomorphic character of the matrix of 
the Witwatersrand reefs be correc~, it is also probable that the reefs 
will be found of considerable value and extent in the vicinity of 
the lines of fractUl'e of the intrusive dykes, which have broken 
through the sandstones, while in the vicinity of such trappean 
intrusions. 

The section I have so roughly drawn shows the sandstones lying 
over the greater portion of South Africa, and forming the high veldt, 
except where denuded away into the valleys by river action. The 
greatest depth at which we can assume the sandstone strata to have 
existed will ue about 3000 feet; and the most important point is 
here evident to which I particularly wish to draw your attention. 
If the conglomerate and sandstones have been laid in the manner 
I have endeavoured to demonstrate, then, unless the date of the 
tilting of these beds occurred at the period when only a certain 
portion of the superincumbent sandstones were deposited, and the 
centre of the syncline thus formed was filled up by more or less 
horizontal strata of sandstones and conglomerates, it may pro
bably have occurred after the greater portion of the sandstones 
were deposited, and, if it is accepted that the sandstone strata have 
i1 maximum depth of 3000 feet, the reefs themselves must of 
llecessity be at a less depth than 3000 feet. 

It seems to be therefore advisable to discover the geological age 
in which these sandstones and conglomerates were tilted, aided by 
careful geological study, in order to determine the greatest depth at 
which they may be struck; unless this can be done, the only test 
will be boring in the centre of your syncline. 

I am rather inclined to think, from personal observation, that the 
sandstone beds of the Rand were tilted during an early period of 
their formation, and in that case the depth below the surface of the 
conglomerates at the centre of the syncline may be too great for 
economically working. 

The cracked and friable condition of tpanyof these pebbles in the 
conglomerate has been ascribed to the grinding caused by the move
ments of one wall on another at the time of the tilting of these 
beds; which I am very much inclined to doubt, and to attribute the 
friable condition of some of the pebbles to the pounding they had 
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experienced on their passage to the place of their deposit, and to 
assume that, where the sandstones were sufficiently elastic, there 
they were bent, and where too rigid the faults occurred which are 
common to this district; and I argue from this that, as the dip 
decreases, so the occurrence of faults will become rarer. 
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TIm monthly meeting of the Chemical and Metallurgical Society 
of South Africa was held on Saturday evening, 15th September 
1894, in the Witwatersrand Ohamber of Mines, for the transaction 
of ordinary business. Mr W. Bettel presided, and there were also 
present Dr J. Loevy, Messrs A. F. Crosse, J. Buchanan, J. W. 
Wood, J. Littlejohn, Dr Garrley, F. H. Allsop, E. J. Price, Bloem
field, Haddon, Dr Lewkowitzsch, F. J. Ooxon, G. Bloemfield, G. A. 
Darling, A. R. Goldring, H. 1I. Oswald, A. M. A. Johnston, F. H. 
Hamilton, A. F. Stewart, etc. 

GOLD AND SILVER EXTRACTION IN 
SOUTH AMERICA 

In dealing with the subject of gold and silver extraction in 
South America, I shall confine myself to such processes as have 
come under my own observation. 

There is a very true proverb among the Spanish Americans, 
which says that a man can make a fortune in copper, make 11 

living in silver, and lose all that he has in gold. Oertainly it 
would seem that gold mining in those Tevolutionary repnblics of 
the South has not been a triumphant success, at least not in 
modern times. 

Silver is the more important of the precions metal industries 
there, and, as snch, claims priority of description. I shall, 
however, be as brief as po,~sible, and content myself with a slight 
sketch of this industry, which has comparatively little interest for 
us on the Rand. 

Silver is found in very many states of combination, existing as 
carbonate, sulphide, arsenide, chloride, bromide, iodide, and in the 
metallic condition. The forms in which it is most generally found 
are the chloride and sulphide. 

'rhe oldest system of treatment which is still in use for its 
extraction is the Mexican "patio" process, first introduced about 
the middle of the sixteenth century, and still worked with little 
alteration up to the present time. In this process, as practised 
no\\"-a-days, the ore is first ground in "trapiches" or in stamp 
batteries, though, in some out-of-the-way districts, the clumsy 
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stone paved" an-astra" is still in use. After grinding, the ore is 
run on to drying couches, and left until it is of the consistence of 
soft mud. It is then thrown into the "patios," which are simply 
carefully levelled rectangular floors, and there spread into lots 
containing about sixty tons, in a layer about one foot in thickness. 
About four pM· cent. of salt is then added and trodden into the 
pulp by mules. This is allowed to stand for twenty-four hours, 
when one per· cent. of "magistral" is added. This is made by 
roasting a mixture of copper and iron pyrites with a little salt. 
Quicksilver is then sprinkled over the whole mass, in the proportion 
of about six kilogrammes of quicksilver for every kilogramme of 
silver in the ore. The mixture is then trodden by mules, inter
mittently, for over three weeks. The operation has to be . carefully 
watched all the time as the chemical action, which goes on, is 
very apt to cause overheating of the mass, in which case it has to 
be cooled by the addition of lime. Small samples of the pulp are 
washed from time to time to see that t.he quicksilver is present in 
sufficient quantity. At the end of about twenty-five days the pulp 
is thrown into washing vats and the slimes sluiced out, leaving the 
amalgam, which is pressed and retorted in the usual way. 

There have been a gl·eat many conjectures as to the chemical 
processes involved in this series of operations, and, as is not 
uncommon, a very great deal of hard language and recrimination 
has been indulged in by ardent scientists eager to foist their pet 
theories on an unsuspecting public. It is now generally supposed 
that the chloride of copper formed in the magistral during the 
roasting of copper and iron pyrites with salt, reacts with the silver 
and sulphide of silver, to form chloride of silver, sub-chloride of 
copper, and sulphide of copper. The chloride of silver, in the 
presence of salt, is acted on by the quicksilver, forming metallic 
silver which amalgamates, and sub-chloride of mercury, which 
constitutes the chief source of loss. 

It has recently been vehemently urged t.hat there is no chloride 
of silver formed at all during any part of the process. The 
advocates of this theory state that the chloride of copper, reacting 
with the quicksilver, produces sub-chlorides of copper and mercury. 
The sub-chloride of copper then acts on the sulphide of silver, 
producing metallic silver, which at once amalgamates, and free 
sulphuric acid. The sulphuric acid, in presence of metallic oxides, 
decomposes the salt, liberating chlorine, which recombines with the 
sub-chloride of copper to form the chloride, which then goes 
through the same circle of reactions again. 

There is a good deal of very ingenious chemistry concealed about 
this theory, and there is no law against the concealment of it 
either. It has been found that a great deal of the loss in quick-
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silver may be obviated by adding metallic copper along with the 
magistral in the proportion of about thirty per cent. of the weight of 
the silver contents of the ore. For ores rich in silver, some method 
of barrel amalgamation is generally adopted. Should the ore be one 
containing the bulk of the silver in the form of sulphide, it is 
ground dry, generally in either a "Jermisch" or a "Greusenwerk" 
mill. It is then roasted in a reverberatory furnace with five per cent. 
of salt, thereby converting the sulphides into sulphates, which are 
then decomposed by the salt to form the chlorides of the metals pre
sent. When the ore contains much copper or zinc it is desirable to 
add a little lime, to decompose the chlorides of these metals, which 
otherwise would tend to contaminate the bullion. When fully 
chloL'idised, the ore i~ allowed to cool, and tran~ferred to the amal
gamating barrels. These barrels are strongly built of pine, and 
hold two ton~. The charge is mixed with water to the consistence 
of thin paste; about 500 Ibs. of scrap iron are then added, and the 
barrel is revolved for three hours. Quicksilver is then added, the 
quantity of course depending on the richness of the ore, but about 
400 Ibs. is the usual quantity required. The barrel is then revolved 
for ten hours longer, after which it is ready to discharge into 
settling vats. 

When the ore contains a mixture of sulphide and chloride, 
a modification of this process is generally used. 

Instead of the preliminary roasting, the ore is charged into the 
barrel direct from the mill, and in place of the scrap iron there is 
added to it a mixture of metallic copper and sub-chloride of coppel" 
This is made by boiling native sulphate of copper with solution of 
salt and a little scrap iron. The sub-chloride of copper then effects 
the reduction of the silyer salts, as has been before noted in the 
patio process. 

The ordinary" pan" system of amalgamation is practised in one 
or two localities, the pan used being a combined modification, or 
modified combination rather, of the Wheeler and Patton pans. 
The inside of the pan is frequently lined with copper throughout, 
but generally only the projecting wings are made of copper. I shall 
deal with the sampling of silver ore further on when mentioning 
the general methods applied to gold. 

The gold beal'ing rocks in South America generally, and particu
larly in Bolivia and Ohili, belong to two distinct geological epochs, and 
present widely differing mineralogical and geological aspects. The 
-rocks of the earlier period are purely granitic in character, and are 
often decomposed to a very considerable depth, as may be seen in the 
neighbourhood of V alparai~o. N ear Valparaiso, also at Oatapilco, 
is a species of banket formation, resting on a granite bedrock. The 
pebbles in this conglomerate are of very large size, often weighing 
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over 100 Ibs. They are bound together by a very hard clay in 
which the gold is found. The formation is richer, and contains 
coarser gold the nearer it is to the bedrock. 

The second series of" gold bearing rocks is generally largely com
posed of felspar and hornblende, and has been forced through 
strata belonging to periods of comparatively modern geological 
history, such as those containing oolitic, and even cretaceous fossils. 
The auriferous veins of this second series are, moreover, conspicuous 
for the absence from them of tellurium, titanium,'tungsten, and allied 
metals. It is a very common thing to find the gold imbedded 
inside crystals of sulphate of barium, and it is also interesting to note 
that almost invariably, when gold is so found, there are large saline de
posits in the immediate neighbourhood, either of nitrates, sulphates, 
or borates. 

Gold mining in South America is not now the important factor 
in the world's wealth which it once was. The industry has to a 
very considerable extent languished and almost died out from two 
well marked causes, 1st. The abolition of slave labour; and 2nd, 
The absence of proper means of transport. Slave labour, or, at any 
rate, forced labour, was the backbone of the earliest mining enter
prises in Bolivia, Peru and Chili, and to it we owe the marvellous 
accumulation of treasure stored up by the Peruvian Incas. This 
" Inca" gold was almost entirely obtained from distt-icts now be
longing to Bolivia and Chili, and was excavated from almost inac
cessible reefs in the Cordilleras of the Andes. All gold extracted 
before the Spanish conquest was exclusively the property of the 
Incas, who employed a distinct race of their subjects for gold ex
traction alone. Each reigning Inca vied with his predecessor in 
the splendour of his gold and silver ornamentation. The industry 
thrived greatly uuder this system, as each Inca had to begin anew 
the task of building up a stock of metallic wealth for himself. 
N one of the property of a deceased Inca ever passed to his succes
sor, but was held in trust for all time in case the late Inca came to 
be reincarnated, and desired to be reinstated' in his former lodgings. 
The total accumulation of gold in Peru must therefore have been 
enormous. In fact, so great was the profusion of this metal that 
Cieza de Leon mentions a cement, partly composed of gold, which 
was used in the building of the royal palaces of Tarn boo 

The total weight of gold which the Spaniards extorted in 1533 
as the ransom of the Inca Atahualpa amounted to about one 
million ounces. Presumably the ways of chartered companies have 
improved since the time of this early specimen of the class, for after 
receiving the ransom they garotted the Inca instead of burning him 
in order that he might not stir up his suqjects against them. 

A considerable portion of the gold of the Incas was washed from 
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alluvial, but the bulk of it was obtained 'by smelting. Although 
quicksilver is freqllently met with in Peru, its use fot· gold extrac
tion purposes was quite unknown. The native furnaces were built 
on exposed pinnacles to allow of as great an air-blast as possible, 
and only the richest of the quartz was treated. 

The richest spot in the Peruvian gold fields, so 'far as is at present 
known, is in Caravaya. The gold found by the Spaniards was 
chiefly got from there, and it is estimated that during the Spanish 
occupation of the 'Vest Coast over thirty million ounces were 
extracted. 

In Bolivia the bulk of the gold-bearing ore is alluvial, but by far 
the richest specimens of gold quartz are to be obtained from the 
reefs on La Paz Cordilleras. Along this range one can trace out
crops of over a mile in length, assaying on an average t) oz. to 10 oz. 
gold to the ton. Incredible as it may seem that ore of such rich
ness should be left unworked, one only requires to go over the dis
trict one's self to realise the enormous difficulties there would be in 
winning any profit even from such rich ore as this. Water there 
is absolutely none ill the neighbourhood, The ore is round among 
steep mountain crags, 10,000 feet above sea-level, and 100 miles 
from the nearest seaport. The ore is to a certain extent

Q 

worked in 
small quantities by "perqueneros" or tributers. These men pro
spect along the reefs, neglecting everything but the very richeot 
quartz, running perhaps 100 oz. to 200 oz. to the ton. This is 
laboriously transported on donkey back Ot· man back to the nearest 
P~beblo, where it is subjected to the crudest form of milling which 
can be seen anywhere. The" mill" consists of a shallow trough or 
circular depression, about 4 feet in diameter by 1 foot deep, cut in 
soft rock or hard soil, and neatly paved with slllall stones. Lying 
in this trough is a large round piece of rock, weighing 5 or 6 cwt., 
having a wooden cross piece, 12 to 14 feet long, lashed to the top 
of it by raw hide. A small stream of water trickles in at one side 
of the trough and overflows at the other. A bucketful of ore, 
broken by hand to the size of walnuts, is put into the trough, and 
by means of a man at each end of the cross-piece, the grinding
stone is rocked from side to side, a little quicksilver being occasion
ally thrown into the trough, The tailings are removed by leviga
tion, a species of removal which also includes the fine gold, floured 
quicksilver, and amalgam in small quantities. That, however, does 
not in the least trouble the native gold extractor. He is an im
pressionist in his amalgamation, looking for broad effects and scorn
ing trifling losses. The amalgam, after pressing, is covered with 
clay in which a few holes are pierced. It is then dried in the sun 
and the quicksilver expelled by heating in an earthenware pot over 
a charcoal fire. The gold is sometimes smelted down in a black-
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smith's forge, and sold in small lots of a few ounces at, the rate of 
about £2, lOs. per ounce fine. 

Bolivian gold-mining has a splendid future before it, in the days 
when the Amazon shall be cleared of its predatory natives and 
other plagues, and rendered navigable, as there are very many rich 
placer deposits on the plains stretching down towards the river. 

Brazil is another ancient gold-mining centre which has suffered 
from the death of forced labour. In its palmiest days-at least in 
those of which we have any reliable record-its average output 
during a period of about twenty-five years was at the rate of 
40,000 ounces per month. That, however, was before my time, 
being about the middle of last century. 

The gold. exists chiefly in quartz veins, traversing clay and mica 
shales. The richest leaders, however, are found in a species of 
specular iron ore, called jacotinr;a. There is also a considerable 
quantity of rich alluvial depo~it,. which is almost the only gold
bearing material now being worked in the country. It is handled 
in such a crude way that probably not more than 30 per cent. of its 
available contents are obtained. The auriferous soil is simply 
wasted downhill over a series of COncave riffles (if I may call them 
so) cut in the soil. This riffle staircase terminates in a deep narrow 
trough, in which the light gold is supposed to settle. In point of 
fact it doesn't. 

Brazilian gold mines bave not been dividend-paying concerns, in 
which respect they resemble mines in other quarters of the globe. 
In fact only two have ever paid a decent return on the capital 
invested, namely those of Morro Vello and Maquine. The mining 
work hitherto done has been solely of a surface character, and deep 
levels are totally untouched. 

In Chili gold has been mined from the time of the Incas, and 
there are still many traces to be found of the old Spanish workings. 

The gold is generally found associated with copper in widely 
varying quantity, in granite, syenite, gneiss, mica schist, and por
phyritic conglomerate, the latter predominating in the north. At 
present the only mines of any consequence which are working are 
those of the Mineral del Guanaco, in the Desert of Atacama. The 
mines are in the hands of small owners who are all more or less 
deeply in debt to the one or two reduction works in the district, 
:Lnd are consequently, from stress of circumstances, obliged to sell 
their ore each to his Own particular creditor. The mining is all 
done by hand, rock-drills being sufficient to clear a mine of its 
workmen in ten minutes, as it is looked upon as a device of the devil 
which will scare away the gold. The labour in a mine is divided 
into three perfectly distinct classes. Besides the majordomos or 
overseers, there are the barreteros or hammermen, the apires or 
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carriers, and the chanquadores or stone-breakers. The men seldom 
change from one caste to another. The" barreteros " are wonder
fully ambidextrous, working the hammer with the right hand till 
it is tired, and then shifting it to the left without altering the 
stroke. The" apires " carry the ore to the surface in hide baskets 
containing about 180 Ibs. They carry them from a depth of some
times over 400 feet, up ladders which are simply single 20 foot 
lengths of pine, four inches square, having notches cut an inch deep 
at intervals of one foot all up one side. It is just sufficient to give 
support to a fraction of, the side of one foot. The first time a 
European goes down one of these shafts, he does it with his heart 
in the Highlands, so to speak, while his body wavers uncertainly 
over abysmal space. The" chanquadores" break the ore into small 
pieces and sort it, the sorting being done with unerring instinct 
into high grade, low grade, and worthless. There is also an extra. 
high grade which the sorter generally does his best to' conceal for 
himself, and usually succeeds unless the ma,jordomos of the floor 
is paid according to his detections. After sorting, the ore is packed 
in bags, the rich grades being generally shipped to England, and 
the lower grades taken to the local reduction works. On reaching 
the works it is taken at once to the sampling machine, as every 
pound of it must be sampled. In most works the sampling is done 
by a system of mechanical quartering by means of a series of cones 
divided into quadrants on the outer surface by means of projecting 
wings, and placed Ol1e above the other in such a way that the 
material passing over three quadrants on :each cone falls into a 
truck, while that from the fourth quadra.nt passes over the cone 
below to be again sub-divided in the same way. In this way sixty
four tons of ore passed through a three cone machine would yield 
one ton of sample. This is crushed and put through a smaller set 
of cones, and the operation continued until a convenient sized 
sample is obtained. 

The ore is sold at so much" per kilo fine." The assay value of 
the ore is returned as so many cien mille8imos, 1 c.m. being equal 
to about 6 dwt. per ton. "Vhen there is a difference of 1 c.m., or 
even of 2 c.m., between the buyer's and seller's assays, as there 
generally is, it is usual to split the difference. The assays are not 
returned to a greater accuracy than 1l- c.m., as a difference of 3 dwt. 
per ton is not considered to be worth troubling about. The value 
of the kilo of gold (lLbout 32 ounces) varies of course with the rich
ness of the ore. Suppose the ore to contain 4 c.m., then one kilo of 
gold would cost, at present tariff prices, about £18, and the pur
chaser would receive 25 tons of ore for his money. Suppose, how
ever, the ore to contain 100 c.m., the kilo of gold then would cost 
£70, and the purchaser would receive one ton of ore. The dodges 
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of ore sellers. to work up the value of the samples are endless, and 
as the native miner is the heir of 400 years of mineral swindling, 
he is a wonderful adept at it_ Oigarettes containing gold dust, and 
necessitating frequent blowing off' of the ash became so common as 
to be played out, Reckless and indiscriminate spitting arouses 
the disgust (and suspicions) of the up-to-date purchaser, while the 
doctoring of ore heaps or bags with a solution of chloride of gold 
and decoction of tea has brought fortune to the guileless Ohilian 
miner, 

From the sampling floor the ore is taken to the mill. The oldest 
form of treatment, and one which in many ways is still unequalled, 
is to grind the quartz in trapiches 01' Ohilian mills, which are simply 
a pail' of heavy edge-running rollers working in a shallow iron basin, 
A stream of water passes constantly through the pan washing out the. 
ore as soon as it is gronnd fine enough. It is led into large settling 
tanks or pozos, much in the same way as with the intermediate 
filling tanks which are used on the Rand, except that the slimes are 
not allowed to escape. In fact the ore is all ground to slime, as the 
gold is in such a very fine state of division that it would otherwise 
escape amalgamation. As soon as the pozos are full of pulp they 
are emptied, by means of a plug at the bottom, into large drying 
floors, 100 yards long by 50 yards wide, surrounded by an 18 inch 
wall. These floors are generally covered to the depth of about one 
foot with the finely ground pulp. It is then allowed to dry, an 
operation which in this parched climate takes about three or four 
days to accomplish. Before it is quite dry, it is broken up and 
constantly turned over to allow of thorough oxidation and disin
tegration of ferruginous particles containing gold. When dry it is 
lifted and transferred to amalgamating pans, where it is treated in 
the usual way, common 'wherever pans are in use_ The favourite 
form of pan is the combination one mentioned under" silver." 

It may be interesting to note at the present stage of discussion 
on the cyanide que;;tion, that the wholesale solution of gold in 
cyanide of potassium was discovered rather unexpectedly and dis
agreeably at one of the reduction works in this district as far back 
as 1884. The manager of this work told me that on first starting 
the place he had had a great deal of difficulty with ores containing 
arsenic. To get over the flouring caused by this he tried the 
addition of cyanide of potassium to his amalgamating pans, adding 
it at the commencement of the operation, Things, however, instead 
of improving, began to go considerably worse; and, to add to his 
perplexity, he could not find the gold either in his amalgam or in 
his tailings. At last he thought he had better assay the water 
from the pans, and, much to his astonishment, he found the gold 
there. He at once came to the conclusion that the cyanide was 
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responsible for this, and promptly discarded it, with much pro
fanity. The solution of gold by cyanide during amalgamation has 
also been noticed in 1876 by Skey in the Transactions of the New 
Zealand Institute. To return to our original subject, I may say 
that lately many trials have been made with dry grinding plant. 
Indeed, nearly every kind has been tried, with very varying success. 
There are, however, two forms of dry crushing mill which have 
proved eminently successful, and are now in use in most of the estab
lishments. They crush through a mesh of 2500 to the square inch. 

In many cases it is found necessary to use sodium amalgam 
during amalgamation. It is usually made as required, in the pro
portion of 1 oz. sodium to 2t Ib8. quicksilver. The combination 
can be made by heating the quicksilver in an iron bottle and 
dropping in the sodium little by little. It may also be made by 
rubbing small quantities of the ingredients together in a warm 
mortal'. When a little excitement is wanted the latter method 
can be tried. The nature of the mineral contents of the ore must, 
be closely watched when using sodium amalgam. Should there be 
much oxide of iron present, it is decomposed by the sodium, and 
iron is taken up by the quicksilver. When antimony is present, 
the use of sodium if; contra-indicated. The sulphide of antimony is 
decomposed, with the formation of sulphide of sodium and an amalgam 
composed of quicksilver, antimony, and sulphuretted hydrogen. 

There is not much to tell you of the gold deposits in the extreme 
south, in Tierra del Fuego. Although they are comparatively un
known, yet it is probable that there are veins of great richness in , 
the interior, judging from specimens brought down by the natives. 
At present one can always buy small nuggets weighing 3 or 4 dwt. 
each from the natives and traders about Punta Arenas, in the 
Straits of Magellan. Alluvial gold seems to be fairly abundant 
near there, but it is not worked to any extent. Hitherto the 
barren, rugged country and the severe climate have acted as an 
effectual barrier to prospectors. 

In conclusion, it is not too much to say that the vast mineral 
treasure of the South American Republics has been merely scraped 
and not tapped. Considering the wealth of these countries, it is 
astonishing how small' the output is from them. It will not be 
always so; for while we hope that the South African goldfields are 
still far from their zenith, yet they will reach that point in the 
near future, and their decline and fall are also inevitable. When 
that time comes, those who live by gold extraction,' whether from 
the bowels of the earth or the pockets of shareholderH, will begip. 
to find tbat they might do worse than go to that old new Eldorado 
which now lies sleeping among its buried treasures. 

J. BUCHANAN, F.C.S. 
D 
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JOHANNESBURG WATEIVFR01\1 A _HYGIENIC 
STANDPOINT 

DR J. LOEVY afterwards read the following paper on "Potable 
.water, .withspecial reference to Johannesburg water, from a hygienic 
standpoint" :- . . 

The subject that has always bflen discussed with the greatest 
.interest by the public of Johannesburg is, no doubt, the water 
question, which has been before the public since the earliest days 
·of this young community, and which has been spoken of in the 
press and at.public .meetings from all. points of view. From one 
side the merely financial point was argued, while on the. other side 
the hygienic importance of the matter was more accentuate?: This 
latter point, I am sorry to say; has been discussed by laymen in 
such a way as must have been greatly misleading to the public, 
opinions having been vaguely brought forward which are by no 
means based on scientific facts. For argument sake I will only 
cite here one striking example out of others, namely, a passage 
which was published in a Johannesburg paper on the 15th Decem
ber 1893, headed" 1\1r Du Toit's Candidature," and which read as 
follows :-" 1\1r Walter Jones (speaking about the water question) 
said :-Any water that would stand' the silver test was fit for 
drinking purposes. The Fordsburg water had stood the silver test, 
and was fit for drinking. (Hear, hear.) Therefore they might set 
their mindH at rest on. the water question." It· must be most 
.amusing to any analyst to be taught by 1\1r Jones that any water 
.which stands the silver test is fit for drinking purposes, while 
hitherto scierice has taught us that a water, in spite of its stand
ing the silver test, may be most unfit and even dangerous' as 'a 
drinking water; while, on the other hand, a water not standing 
the silver test might prove a good and healthy potable water. J 
have not the pleasure of knowing 1\1r Jones personally, arid. I will 
take' it for granted- in his favour that he was stating _ this most 
erroneous opinion :absolutely bona fide; but most . likely he was 
misled 'and supported by one whom he took to be a .reliable expert . 

. But I think that. it is perfectly justifiable to raise a pro~est . against 
such an inconsiderate way of dealing with questions~ which .are 
actually within the sphere of the learned analyst. . At the time 
when the water question first cropped up in connection with the 
Wonderfontein water scheme, about ten months ago, I was ap
proached from different sides, officially and privately, to state my 

. opinion. on the matter from a hygienic point of view. _I abstained 
from doing so at that time, mostly for the reason that I had not 
then_at hilnd sufficient material to cope with this most important 
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question. Be~id~s; it seem~d to me that, at th,at ti~e, the fi~ancial 
side of the -qu'estion was given the greatest prominence, and that 
sufficient interest was not then taken 'in the hygieriic importance of 
the matter, either by the public or by the authorities. This has 
changed considerabJy within the last few months, and the~'e are ever 
so many proofs that due attention is now being paid to the question 
from all sides .. Having recently been entreated to come forward 
with my views on this matter, I do so gladly, because I think it is 
a duty towards the public, if, under the lead of this esteemed 
Society, and backed by its, authority, this ~ost lmrning question, 
which affects so much the general health, is discussed on this plat
form in a way that it may be understood by the outside layman. I 
have devoted a good deal of time to the study of this subject in the 
matter of varied experiments and analyses, more especially during 
the last six months, and I am going to deal with the question sine 
irct et studio, quornm Ca1tSaS prowl habeo, in an absolutely impartial 
manner, and merely from the scientific point. vVhile I am doing 
so I shall be able; perbaps, to dispose of a great many of the mOHt 
exciting and exaggerated fears which have been spread lately with 
regard to the HUpposed most obnoxious quality of .our J obannesburg 
water. But, on the other hand, I will throw full. critical light on 
the real defects in our water supply, and the wants which the 
hygienist misses badly. Before dealip.g with the Johannesburg 
water in particular, I will take the liberty to make a few remarks 
about drinking water incgeneral, from a popular point of view, and 
I hope I shall be excused by the members of the Society in mention
ing facts, which are well known to any analytical <:hernist. The 
postulates which should be' fulfilled by a good drinking water 
are, in accordance with the opinions of all leading chemists and 
hygienists, as follows :-

(1) The water must be clE'ar, colourless, odourless, and should not 
contain any matters in suspension visible to the naked eye. 

(2) It must be perfectly free from ammonia 'and nitrous acid. 
(3) Except slight traces of iron, it should not contain any 

metals. 
(4) The total,amonnt of, all the solubles (total solid residue) 

should not ~xceed 0'5 per mille. 
(5) The quantity of solubles,in 1000 parts should be within the 

following limits :-

Organic matter. 
Nitric acid 
Chlorine 
Sulphuric acid .' 

0'05 per mille. 
0'01 '" 

- 0'05, " 
- -0'09 ',,' 
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(6) The total hardness ought not to be above 18 degrees, which 
means, according to Clark's method, the water should not 
contain more than 0'18 per mille oxide of lime and mag· 
nesium as carbonate of lime and magnesium. 

In judging the quality of a water from a sanitary point of view, 
the presence of ammonia and nitrous acid must chiefly be taken into 
consideration, as the water should by right not contain them or even 
the most minute traces of them, and this for the following reasons: 
-As organic substances in a state of putrefaction will ultimately be 
decomposed to ammonia and nitrous acid, the presence of these latter 
chemical compounds in the water proves the simultaneous presence 
of decomposing organic matter in the same, or it tends to show that 
the water has its origin from ground soiled by putrefying organic 
matter. Such a kind of water is to be c0l1demned under all circum
stances as obnoxious to health. We are sure to find such water in 
the neighbourhood of burial places, or where animal excrements, 
or soil and refuse, are deposited in large quantities. Strange to say, 
such actually polluted and obnoxious water might often have a clear~ 
even a bright crystal pure appearance, which shows that one should 
not judge water by appearance only, as is generally done by the 
public. Coinciding with the ammonia andnitl'ous acid iR the amount 
of the organic matter, the exact determination of which is, there
fore, of the next greatest importance for the analyist. The total 
hardness of water means, as we all know, the percentage of lime 
and magnesia. According to Clark's method, used in my analyses, 
1 degree of total hardness corresponds to 1 part of lime and 
magnesia in 100,000 parts of water. Soft water, having only 1 
to 3 degrees of hardness, is very suitable for cooking and washing 
purposes, but has a somewhat flat taste. The most suitable water 
for drinking pnrposes is one having 5 to 8 degrees of hardness. 
After these preliminary remarks, I am coming now to the results 
which I obtained in examining our Johannesburg water as supplied 
by the Johannesburg 'Waterworks Company. I made altogether 
twenty-three analyses, some for the Waterworks Company, but the 
greater part of them by order of private parties and official 
authorities, and not the least for my own private information. 
Most of these analyses have been made during the last five 
months-consequently in the dry season-the samples being taken 
mostly from the taps laid on in private buildings in town, besides, 
in a few instances, from the hydrants along the streets. With 
regard to the appearance, I got all sorts of Johannesburg wILter, 
ranging from a fair clearness down to the most turbid and muddy 
state. In five instances I could declare the water as a clear one; 
in seven it was very muddy and turbid; and in eleven instances it 
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proved fairly clear, but slightly muddy. I think it fair'to state 
that out of the seven samples which I found to be very turbid and 
muddy, five were taken within the last ten days, when, for some 
reason unknown to me, the water was particularly discoloured, or, 
to cite one of our moming papers, "not fit for dogs." For com
parison sake, I have brought here for df'monstration two samples 
showing the clearest and the muddie~t Johannesburg water I met 
with. As regards the quantity of matters in suspension, I fOlind 
these, of COUl'se, to coincide with the appearance, the clear waters 
showing only traces, and the turbid and muddy ones an amount 
surpassing by far the allowed limit. As to the smell, with the 
exeeption of two samples, I could not detect any objectionable 
smell, not even in those cases where the water was very muddy 
and turbid. The amount of chlor;ine, nitric acid, and sulphuric 
acid was in all samples within the allowed limits, namely :-

Chlorine traces to 0'009 per mille. 
Nitric acid ,,0'006 " 
Sulphuric acid ,,0'004 " 

,\Vith reference to chlorides, nitrates, and sulphates, I may mention 
that, with few exceptions, I could only succeed in tracing and 
e~timating them, after having concentrated the watel' by evaporat
ing it from 500 c.c. to 50 c.c: Without using this precaution, it 
WaS nearly always an impossibility to state the presence of nitric 
acid, even by the Diphenylamine test. The total hal'dness, deter
mined after Clark's method, varied between 1 and 2'6 degrees, and 
is therefore rather low, making the water most suitable for washing 
and cooking riurposes, but giving it a flat taste. The amount of 
the total solid residue ranged from 0'038 up to 0'079 per mille, 
and is, in accordance with the low degree of hardness, an exceed
ingly small one, which is easily explained for the reason that the 
water was chiefly surface and rain water. Ammonia was not con
tained in any of the twenty-three samples in determinable quan
tities; only in a few cases I detected minute traces. As reagent 
I used, of course, Nessler's solution, which, as you know, is so 
semitive that it is really difficult not to get <tuy reaction fur 
ammonia. So it is difficult to decide whether the minute traces of 
ammonia were actually in the water, 01' whether they originated 
from the air in the laboratory. Nitrous acid was not to be found 
in any of the twenty-three samples, iodine amylum being used <ts 
reagent. In determining the amount of organic matter, I applied 
Kubel's method, which is generally adopted in Europe-that is to 
say, I used a standard solution of potassic permanganate, acting 
upon the water in the presence of sulphuric acid for ten minutes 
at 100 degs. Celsius. The results obtained by this method I 
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checked in; the :following ~ay':-The,.total solid residue'fro,m 500 
C'C" wa.ter was glowed, 'and the difference in the weight found wa;; 
Pllt <;lqwn as org>tnic matter. The figures resulting from these two 
methods correspond with each other, as well as could possibly be 
expected. <Ihe, quantity of organic matter in the twenty-three 
samples varied between 0'011 and 0'046 per mille, and did not, 
therefore, even reach the allowed maximnm of 0'05. I may men
tion here distinctly that the same result also refers to the samples 
which I have analyged within the last ten days, when the water 
looked most turbid and muddy. Having now submitted to you the 
results of my analyses, I am going to state the conclusions resulting 
from them. III doing so, I have to lJUt the following questions, 
which are really at issue on the subject treated in this paper:-

(1) Is the Johannesburg water, as supplied by the Johannes
burg Waterworks Company, obnoxious to health? 

(2) Does the J ohannesburgV?ater fulfil the requirements which 
one is justified to expect from a good drinking water? 

To the first question I 'mu~t reply in the negative-that is to 
say, the Johannesburg water is not to be considered unhealthy, as 
far as one can conclude from the results of the chemical analysis, 
the water having proved by an overwhelming majority of analyses 
to be free from all chemical and orga,nic suhsta~lces which are con
sidered obnoxious to health. In this place I must not omit to say 
that the chemical analysis ought to' be by right supported by the 
bacteriological, examination; but as a rule, the chemical analysis, 
which is especially a negative one, is considered as entirely conclu
si ve by the authorities. I am endeavouring to decide the question 
also from this point, and I am going on with bacteriological 
examinations of the Johannesburg watel" aftel' Pl'ofessor Koch's 
methods, of which I made a special study during my last stay 
in Berlin; but I will not be able to publish those results before 
another four weeks. And now, as to the Recond question. This, 
too, I am sorry to say, I must answer in the negative, and, this 
for the following reasons :-The Johannesburg w'ater has riot got 
the clean appearance which one should expect from a drinking 
water; on the contrary, our waterworks water is often, very far 
from clean, being muddy" turbid and distasteful-looking. vVe are 
perfectly entitled to expect from a drinking water, apart from the 
fact that it· should not contain any substances obnoxious to health, 
that it mllst have a clear, clean, and not a distasteful appearance. 
To what ~auses these latter-mentioned defects are to be attributed 
I am. not going to discuss; but I may, say so much, that in 
my opllllOn they 'are due chiefly to some faults in the pipes. I 
,have come to this,cQnclusi()ll b,ecause, i)1 taking .~amples on 
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johannesburg Water: from a Hygienic Standpoint SS 

on the same day at different places, the most varying results were 
obtained, the water ft'om one place being very clear and pure, and 
from the other place most muddy and turbid. As a most striking 
example, I may just draw your attention once more to the two 
samples here produced, which were taken on the same day between 
12.15 and 1 P.M., the turbid one from the house of the manager of 
the G~s Company, the other clear and pure one from Commissioner 
and End Street. . That may lead, perhaps, to the conclusion· that 
the water is the clearer and purer the nearer one comes to the 
Waterworks; bnt such is not the case as far as iny experience 
goes, for I have often obtained results which were just the contrary. 

The Chairman said he would like to make a few observations in 
regard to' the discoloumtion of the water. He thought the dis
colouration was ·due to the action of the oxygen and carbonic acid 
present in ordinary clean water on the'iron pipes-new iron pipes. 
If a piece of iron was suspended in the clean water, after a while the 
water would become just as much discoloured as the other, owing 
to the action of the oxide of iron. 

Votes of thanks were passed to Mr Bucha~an and Dt' Loevy, 
and the discussions on both papers were postponed. 
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VI 

THE October meeting of the Chemical and Metallurgical Society of 
South Africa was held on Saturday night, October 24th, 1894, in 
the Board Room of the Chamber of Mines. Mr W. Betteloccu
pied the chair, and the others present were-Dr Loevy, Messrs A. 
F. Crossf', C. Butters, A. R. Sawyer, A. Von· Gernet, R. Buchanan, 
J. R. Williams, M. B. Zerener, Coxson, Bevington, A. F. Stewart, 
F ... W. Allsop, A; Wallace, T. F. CaI·den, Geo. A. Darling, A. E. 
Horwood, H. H. Oswald, W. R. Dowling (Secretary), &c. 

DISCUSSION ON PREVIOUS PAPERS 

The Chairman said :-vVe have been extremely fortunate for ~ 
yonng Society in having such a wealth of research and scientific 
study submitted to us for discussion this evening. Before com
mencing the discussion, however, I wish to record my protest that 
such an interesting and historically valuable paper as MI· Buchanan's 
shonld have been mutilated in the local press. I venture to say 
that this paper was the most interesting one read at any of our 
meetings, and yet we will have to refer to our memories-instead of 
to our proceedings-for the information contained in Mr Buchanan's 
paper; a most unsatisfactory proceeding. I will now take np one 
or two points in the hydro-metallurgy of silver and copper men
tioned in this paper. Reference was made to the varied opinion 
held by scientific men as to the action of salt and" magistral" on 
silver ores in the" patio" process. I had the opportunity during 
the last eight months I spent in investigations on wet processes at 
the Willows (Arg.) Copper Mine, when the ore got too poor to 
smelt, and a wet proce8s was asked for, to examine the action of 
green copper chloride in satumted brine solutions upon sulphide of 
silver (argentite) tetrahedrite, metallic silver, and ferrous-cupric 
argentic antimonite-a mineral which, mixed with a7.Urite and 
malachite, is very rare. 

In the course of my experiments, using an acid brine as a sol
vent, I dissolved the carbonate of copper forming CuCI2• This 
substance in a warm or hot solution of salt, saturated (or nearly so), 
gave the following reactions :-1. With argentite, 

56 
Ag2S + 2CuCI2 = C1l 2CI2 + 2AgCI + S. 
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Discussion on Previous Papers 57 

The sulphur could be seen floating on the surface of the solution, 
and was taken off, washed in bl'ine, then watee, and examined, This 
l'eaction is very similar to the action of HNOa on Ag2S, AgN03 

being formed, and S liberated 2. Tetrahedrite-The reactions 
weee rather more complicated. Sulphuric acid, antimoniate of 
soda, ferric and ferrous chlorides, cuprous chloride, ferric anti
monite, argentic chloride and sulphur (free) weee formed. 
3. With metallic silver.-Ag2 .p 2Cu0l2 = 2AgCl + Cu2C12. 4. Other 
silver compoundfl were, by double decomposition, converted into 
the chloride of silver, thus "partzite," the ferrous-cupric-argentic 
antimonite gave :-1. Basic ferric antimonite. 2. Chloride of silver. 
2. Cupric and cuprous chlorides. The effect of these reactions 
on amalgamation would be :-1. 2 AgCl + Hg2 = Hg20l2 + Ag2, the 
Hg2C12 causing flouring of quicksilver; and the experience that 
the addition of metallic iron in another system of amalgama
tion prevented loss of mercury, and aided amalgamation, may be ex
plained by the following reactions :-1. Cu2C12 + Fe = FeC12 + Cuz. 
2. 2AgCl + Fe = FeC12 + Ag2• 3. HgzC12 + Fe= FeC12 + Hgz. 

A SOUTH AMERICAN EXPERIENCE 

The remarks Mr Buchanan made about the richness but inaccessi
bility of some of the gold regions of South America remind me of an 
experience related to me by a late colleague of mine, Mr Greenway, 
who spent about eight months in and near the Argentine Reimblic. 
In one of his prospecting tours he came upon a splendid deposit of 
rich auriferous copper ore, the sal11ples he brought back containing 
soine hundreds of ounces of gold per ton, one, a purple copper ore, 
being streaked with gold visible several feet away. It was found, how
ever, impossible to obtain the ore by purchase unless the mine was 
purchased and worked by agents. As this ore was in a silver-lead 
region, it was absolutely neglected, and anyone going to the same 
place would find this deposit unworked; but if he were prepared to 
buy the mine, and pay all debts incurred by the owner, and mine, 
and work, or ship the rich ore, it is probable that not one pl'operty 
on the Witwatersrand would yield such profits on capital invested. 
The risks, however, are greater. I will now take Mr Von Gernet's 
paper. The process known as the Siemens and Halske process, 
beautiful from a scientific point of view, and commercially Ruccess
fnl, has, in my opinion, been wrongly named. It is owing to the 
skill of the author of the paper, who is at once an electrician, a 
chemist, an engineer, and a technologist of reputation and experi
ence, that the Siemenl' and Halske patent did not become a dead 
lettel·. With the exception that lead is used for cathodes, and iron 
for anodes, there is not the slightest resemblance to the Siemens and 
Halske process described in their Transvaal patent. I venture to 
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say that anyone reading the Siemens and Halske patent would be 
unable. from the published description to follow out the process; and 
successfully and economically extract gold from 4 to 5 dwt. tailings. 
In view, therefore, that Mr Yon Gernet' has successfully worked 
out a commercial process based on the patents before mentioned, I 
propose that in future the process shall be known as the" Von 
Gernet" process, at any rate among members of this Society. 
(Appla,use.) Without, however, detracting.in the least from the 
Von Gernet process, I think that due attention has not been paid 
to the McArthur-Forrest process. It has been stated,that solutions 
pure in gold and .weak in cyanide could' not be precipitated, but 
I have recently proved that gold could be precipitated from the 
zinc solutions containing '03 per. cent. ,cyanide and 12 grains of 
gold p~r ton, effectively. ·In a recent" run," I successfully precipi
tated the gold from such solutions produced in treating slimeR, 
obtaining 0'6 grain and 0'55 grain gold per ton (as proved byeva
porating 50 assay tons of each solution), or an extraction of 95 per 
cent., (l,nd 915'4 per cent . .from weak solutions respectively. With
out going into details which mayor may not prove the subject 
matter for a patent, I may say' that to all appearance the boxes are 
ordinary zinc boxE<s-only the metal is clean. I bad previously 
proved that clean zinc could precipitate gold from the solution of 
double cyanide (KAuCY2), without free cyanide being present; 
but this on about 50 tons of the solution is the first "poor" solu
tion I have treated. In the Robinson G. M. CO.'8 laboratory I 
have precipitated solutions containing 1 oz. gold per ton (strength 
'0:3 per cent. KCy), but only got the extraction down to 12 grains 
per ton. I argue, t,herefore, t,hat the special value attaching to the 
Von Gernet process, that much weaker solutions can be used, and 
therefol'e much cyanide can be saved, applies with equal force to a 
modification of the McArthur-Forrest process-if the same amount 
of solution and length of contact be allowed as in the modificatiun 
rf the Sientens and Ralske patented proceBs-and the zinc be kept 
clean_ One other point and I have finished with the criticism of 
this paper_ The subject of cupellation of gold lead was only lightly 
touched upon. Does it not occm to companies,that they will either 
have to melt down their gold-coated lead foil and ship home, or sell 
to the Rand Central Ore Heduction Company; for if individual 
companies attempt tO,cupel their lead bullion, they will get woefully 
," left." I speak from experience in these matters, and my friend, 
Mr T. W. Wood (who has had even more experience than myself in 
cupellation), will bear me out in my statement., It is not only the 
cupellation of the lead; ,the litharge and used" test " has .to be 
smelted in water-jacketted cupolas, and the. lead obtained deprived 
of its gold bY,a modified Parkes process (zinc, but alloyed with 
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alu~inium) or else sold for what it, will fetch. At present it is a: 
few c;.vts. of slag per month per company to be disposed of j it may 
be tons of richer products with the new process. It is an excellent 
process for a customs works like the Rand Central j it is not a 
process for isolated mines. I therefore think that, although the 
Von Gernet process has run the McArthur-Forrest process pretty 
clase, the Von Gernet process would have been valueless had that 
gentleman not made use of weak cyanide solutions claimed by the 
McArthur-Fon-est patent No. 47. 

Not being a geologist, I must ,ask to. b,e excused from .criticising 
ge~logical papers j but I would remark that a careful perusal of the 
papers on the occun-ence and farmation of gold nuggets, by Professor 
Liversedge, the Australian expert, recently republished in the 
Chemiwl News, will be found interesting. It is shawn there that 
silicate of gold and sodium is soluble in water, and that sulphides of 
silver and guld (I may add coppel', iron, nicKel" cobalt) are soluble 
in presence of a certain amount of sulphtlretted hydrogen-..--:"hydro
sulphide!;." From these solutions pyrites,. free gold and, sil ver, and 
copper pyrites ca~rying nickel and cabalt may be ·precipitated. I 
wonld refer those interested in the mattcr to Rose's ': Metallurgy .of 
Gald," p, 27, "Silicates of Gold," and especially, to par. 4 and to 
pp. 142, 153, and 154 of the same. With regard to Dr.Loevy's 
masterly paper on water analysis, I have a few criticisms to offer. 
The action of a standard solution of permanganate .of potassium 
acting on water fOl' a period of ten minutes at 100 degrees Celsius is 
nat recognised by English expert water analysts as a reliable method, 
or one which gives r~liable results. I have used and prefer Wanklyn's 
moist combustion method, where a standardised alkaline solution .of 
permanganate is used for oxidation, the water and alkaline perman
ganate evaporated on a water-bath, and then acidified, an. excess of 
standard solution of ferrous sulphate added, and retitrated with 
permanganate. This method, coupled with the,albuminoid7ammonia 
process; and a comparison of the chlorine with the average of the 
surrounding country waters, an examination for phosphoric acid, the 
usual tests for colour, odour, appearance, nature o£ suspended matter, 
and a corrobarative test by cultivation and micros'copic examination 
of the deposit, would enable one versed in the matter to repart on 
the water. As Dr Laevy,properly remarks, it~seems to be cansider~d 
that anyone acquainted with medicine or surgery is qualified to make 
a water analysis and report:therean. In my own practice.at home, 
I have found that such men would overlo.ok a dangerous ,water and 
condeI;Iln a ,wholesome, water. Speaking from the examination of 
over 2000 samples of water from. difter.ent parts of .the' United 
Kingdom, ,I a,m inclined to think 'that very careful comparisons 
betw,een. variolis s~)Urces of water:, sltould be mfl;de' by competent men 
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before the present water supply of Johannesburg is condem~ed. If 
one compares J ohannesbul'g water to the water supplied to towns 
like Stockton-on-Tees, Middlesborough, Worcester, Sheffield, Birming
ham, Swansea, &c., for potable purposes, it will be seen that not 
only are we not badly off, but-by comparison-we are favoured. 
The temporary trouble of turbidity, due to clay and oxide of iron, 
and the tarry flavour, may be annoying, but a household filter will 
remove all these substances or odours; and when the pipes have 
become coated with carbonate of lime, I venture to say the water 
will be of very fair quality. With price I have nothing to do; 
and if a better water can be obtained in greater quantity at a 
cheaper price, it is for our leaders to see that such water is secured 
to the town. 

Discussion being then invited on Mr Von Gernet's paper on the 
Siemens-Halske process, 

Mr Von Gernet said :-1 cannot quite agree with the Chairman; 
I have not made any inventions or great improvements; I only 
assisted in carrying out the ideas of other people. I must oqject 
to the proposal of Mr Bettel, and cannot admit the credit for the 
electrical process being given to anybody else than the late Dr W. 
Siemens. As the McArthur-Forrest zinc process was developed 
to a great ex·tent when we commenced operations on the Rand; we 
could make nse of all the general knowledge and apply the experi
ence we got in other countries to the cyanide treatment of tailings. 
There are no other goldfields in the world giving to the chemist less 
difficulties in the cyanide process than these. The strength of 
solutions makes mostly no difference on the extraction, it is more 
the time required for treatment, and the mechanical conditions of 
the tailings. The concentration, classification, and cheap handling 
of large quantities of material are now the most important 
questions. There is more chance for an engineer to make im
provements than for a chemist: It may be of general interest 
to mention some results obtained in other countries with the 
cyanide treatment. You will see that the use of a solution of. 
certain strength is most important when the ore is not so pure 
as here, containing silver and other metals soluble in cyanide. In 
experiments made in HUllgary, in 1888, tailings containing about 
twice as much silver as gold were treated with strong and weak 
solutions. The results were as follows :-With the strong solution, 
87 per cent. of bullion extracted; and with the wea,k solution, 6t:1 
per cent. The fine gold exkacted was in the former case 78 pel' 
cent., and in the latter 89. Somewhat similar results were obtained 
in Siberia. I cannot explain it by chemistry; it is more 
alchemy when I say that the other metals prevent the gold 
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being dissolved; or, what is more likely, the other metals or com
pounds precipitate the gold in the tailings after it has been dissolved. 
This reaction would be.similar to the reaction in a zinc box, where the 
gold is precipitated from a strong solution, but not so well kept back 
from a very weak one. Another fact I have to mention is that in 
treating clean tailings with weak solutions, it is of no importance 
how much gold the solution after precipitation contains; only the 
weak washes must be low in gold. We have tried it at the Worcester 
works with solutions containing 1, 4, and 7 dwts., and in an 
experimental plant with solutions containing 1 oz., and we got 
always the same result, provided sufficient weak washes were 
given, until the last solution leaving the leaching vat is low in 
gold. That shows the gold once dissolved is not precipitated in 
the tailings during the leaching when a weak solntion is used. 
'Vith a strong solution there is more chance of this happening. i 
do not think a weak solution is always better; I know in many 
cases a stl'ong solution will give better results. In reply to Mr 
Bettel, I would say that I am not an expert in cupellation, but I 
think cllpellation could be done on a small scale. Therefore, it is 
not necessary at all to ship to Europe, and neither is it necessary 
for the mines to send the lead bullion to one centml place where it 
could be cupelled. Mr Bettel says the process is good for com
panies like the Rand Central, but not for individual mines. He 
did not give any reason for saying that, and I cannot see any 
reason for it. I most decidedly object to the proposal of Mr 
Bettel, when he offered to put another name to the process. That 
shows that Mr Bettel takes it just for a small improvement. It iR 
not so. It is a process which has been developed by Dr Siemens 
independently of any other process. 

Mr Butters said that modifications which had been introduced 
in this country were really only to adapt the process to work on a 
larger scale. The process gave a high extraction with the use of a 
small alllount of cyanide. 

Mr Zerener said Mr Bettel had told them that he had been 
carrying out the zinc process with weak solutions, and had been 
successful in precipitating gold even with very weak solutions. He 
(Mr Zerener) had been engaged for some time with experiments to 
the same effect, and he was quite satisfied that some modification of 
the zinc process would be found out soon which would enable them 
to precipitate gold frOID solutions containing very little or no 
cyanide at all. If such a modification could be found out, and 
carried out practically, he did not think there was any chance for 
the Siemens-Halske process to compete with such a modification of 
the zinc process. First of all, regarding the cpnvenience of both 
processes, there was no doubt that the zinc process was far more 
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convenient than the Slemens:Halske p~ocess. In :theforn~ei, they 
did not need anything besides 'the zinc ,boxes. It was claimed for 
the Siemens·Halske proce8s that it was 'more convenient in 'the 
clean-up than the zinc process. Everybody knew that the clean-up 
in the latter' was a very dirty process, 'and took a very long time. 
But he did not find anythIng in Mr Von Gernet's paper about the 
clean-up of Prussian b'lue and the hydrate of iron. These had to 
be taken out, and the doing so would, be just as dirty an affair as 
the clean-llp in the zinc process. In the Siemens-Halske proce~s, 
part of the cyanide was formed into Prussian blue, and this had to 
be treated to get the cyanide of potassium back. Then, as to the 
costs of the two processes, he' thought the zinc process was far 
cheaper than the Siemens-Halske process, provided that a modifica
tion would be found to use weak solutions. In the Siemens
Halske process they had to drive a dynamo and pay for lead and 
iron, against which in the other they had zinc. Somebody-he 
thought Mr Butters-had'stated that the cost' of zinc came to 2tcl. 
He had gone into the cost, and the average on 200,000 tons at 
nine different places over two years was 1·6d. 

Mr Butters said he had treated 311,000 tons in a year at six 
different works, and the average was 2~d. 

Mr Zerener said he did not think the new process as carried out 
at the Worcester was much cheaper' than it would be if the same 
plant worked with zinc. O~ course the cost of treatment at the 
Worcester was low, but he did not think it was low because of 
electrical precipitation. 

Mr Butters-What would'make it low~ 
Mr Zerener-First cif all, direct filling. The item of ·native 

labour is very low. 
Mr Butters-That IS 2d. It costs 10d. and l2d. at other 

places. 
Mr Zerener-Then white labour is only 5d. Mr Butters said 

this was a very high item. I think it is very low. Taking 5d. 
per ton and 3000 tons treated! gives exactly £65 per month. 
Now, yon need a manager and two shiftmen, then part of the 
salary, of an assayer ; so that I think £65 is very little for alI' 
these. 

Mr Butt.ers-I said it was high relatively. 
l\'f.r Zerener-If the statement I heard the other day is true, Mr 

Butters gets out young men from 'Germany for a salary of £ I ° or 
£15 a month. If that is true, I can understand the item. 

Mr Butters-That is not so. You will find the Rand Central 
boys get as much as your boys get. You go out with them some 
evening and find out. (Laughter.) 

Mr Zerener said that :if the zin'c process could be worked with, 
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,weak solutions, there would 1e' no chance' for the Siemens-Halske 
process, especially as the royalties were about the same. 

Mr Von Gernet, replying to' Mr Zerener, contended that a 
dy~amo was quite a simple, apparatus, and all that it cost was the 
inst'allation expenses. The electrical precipitation of copper, with 
which he compared the new process', was everywhere in use now. 
The cost of installation is somewhat higher, but the working 
expenses are lower. It was not mentioned in the original papers, 
but the Prussian blue and hydrate of iron were taken out of the 
boxes, there being little openings for the purpose in the bottom. 
They treated the Prussian blue with caustic soda. The residue, the 
hydrate of iron was put in the chlorination furnaces. Mr Zerener 
said it was such a trouble to get back all the cyanide, but it was 
unnecessary to do that, as they were using only a i-lb. to the ton. 
As soon as they had several works running, there would probably 
be a central place where the Prussian blue could be worked up. 
In answer to Mr Zerener, he maintained that there was decom
position of cyanide in the zinc boxes-more than in the electrical 
process. Mr Zerener said that if certain improvements were made 
in the zinc process, then it would be bettel' than the new process. 
(Laughter.) Certainly j that was quite right. (Laughter.) 

:M I' Butters, said Mr Zerener had been telling them what he 
thought. He (Mr Butters) was telling them what he knew. He 
had keated from 10,000 to 15,000 tons by the new process j and 
may be he was not as good a chemist as Mr Zerener, but he knew 
how much a sovereign was, and' he was looking at the matter from 
both sides. He had ,yorked as many tons of tailings by the 
McArthur-Forrest process as any man in this country, and he was 
looking forward to effecting a saving by the new proceRs. He gave 
the result of the two processes at the Worcester and United Lang
laagte respectively. At the latter, where the solution was got 
down as low as possible, the cyanide bill for treating 3000 tons 
was £220, and at 'the 'Vorcester for a similar quantity of tailings 
the cyanide bill was only £50. The conditions were less fa vour
able at the Worcester, and yet there was a saving there on 
cyanide of £180. It was facts they had got to look at, not 
what chemists might think. Chemists thought a great many 
things which never came to anything. It was facts the capitalists 
looked at, and facts were what weighed with him, for he was here 
to make money. 

Mr Williams remarked th'at comparisons were very often elTOneou's. 
They were not using the Siemens-Ralske process at the Crown 
Reef, and yet their average for cyanide did not come to ~-lb. per 
ton. Last month' it was '41. Assuming the Siemens-Halske 
'process had been in use ,they would hav~ saved 10d. per ton. 
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Again, with regard to zinc, the total cost was certainly nearer ~d. 
than ld. 

Mr Butters-That may he with you, Mr Williams, because you 
have been a careful worker. 

Mr Williams said he had been working with very low solutions, 
and found no difficulty in precipitating by means of weak solutions, 
provided the capacity of the boxes was large enough. His difficulty 
about the new process was to see where' the saving came. The 
average recovery at the Crown Reef for the past three months 
had heen 73~ per cent., and he could not see there had been a 
bigger recovery anywhere. The cost at present was 2s. lOd. per 
ton, exclusive of royalty, and if the Siemens-Halske was going to 
save 2s., they would have to do the work at the rate of lOd. per 
ton. 

Mr Butters-I never said we were going to save 2s. YOll have 
a very low cost at the Crown Reef, hut I think we could save lOd. 
per ton there, and that is worth saving. 

Mr Von Gernet said it was not satisfactory comparing large 
works like the Crown Reef with small works like the Worcester. 
At the Vlorcester they recovered 74 per cent. in one month. 

Mr Butters said they did not claim a large recovery for the new 
procefis. 

Mr Williams said he had observed at the outset that compari
sons were often erroneous, and he was not comparing the Crown 
Reef and "VVorcester. 

lVlr Crosse agreed with Mr Williams that it was very unfair to 
compare different works. They forgot that in the ordinary zinc 
precipitation there was also electrical precipitation. The gold 
deposited on the zinc set up an electrical action, and they need not 
use a dynamo. They got the electrical action without paying for it. 

This closed the discus~ion on the paper. 

Discussion was then invited on Dr Loevy's paper, "Potable 
Water," with special reference to Johannesburg water from a 
hygienic standpoint. 

Mr Buchanan said at this period of the year we were just about 
the end of a great drought, and the water had not been receiving 
much accession from the surface. Consequently the organic matter 
had been considerably reduced, and was comparatively harmle~s at 
present; but the fact of there being organic matter and also 
chlorine, pointed to there being pollution in the past. This was 
apt to become present pollution in a couple of months, when we 
got into the rainy season. 

Dr Loevy, in reply to Mr Bettel, defended the Kubel-Schulze 
method of determining organic matter. It was adopted in Ger-
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Discussion on Previous Papers 

many, Belgium, and also in most places in France. The same 
lllethod, with a slight modification, was used in England. The 
lllethod propOfied by Mr Bettel was certainly a purely scientific one, 
but he did not think it could be applied with advantage by a busy 
chemist. He never used it, neither in Germany, where, during his 
stay at the official laboratory, three hundred and ninety-four water 
analyses had been made, nor in Belgium. Mr Bettel's method re
quired so much time that it would be impossible to carry it out in 
a proper way. 

The Chairman-I could do fifty at a time. 
Dr Loevy said it was a most important point that he had never been 

able to determine chlorine in Johannesburg water in deterlllinable 
quantities. With regard to the cultivation of bacteria, he could 
not agree with Mr Bettel, and maintained that the value of cultiva
tion had been greatly over-estimated. With regard to Mr Bettel's 
remark that we were not 80 badly off with reference to water as was 
generally thought hy the public, he begged to state that that was 
also his opinion. He had only to refer to statement~ made in his 
paper, that the Johannesburg water, though very far from being a, 

good drinking water, was not obnoxio\1s to health. He could 31so 
state from his experience in Europe that in the large cities there, 
one met much oftener with bad water than here in Joh3nnesburg. 
The water at the mines he mentioned was nearly always contami
nated by surface pollution. 

The discussion on the paper was afterwards closed. 
Mr Sawyer said that in confirmation of the theory advanced in 

his paper on this subject, two good examples had been brought 
under his notice since he wrote that paper of what he called re
versed faults. One was to the east of Johannesburg, some distance 
away, and the other to the west. 

The Chairman intimated that the Society had taken a room as a 
library and reading-room in the new Chamber of Mines' Buildings. 
A scheme would be submitted for raising the necessary funds, and 
this it was proposed should be done by increasing the entrance fee 
to three guineas, and increasing the subscription of town members 
to three guineas. 

This was all the business before the meeting. 
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VII 

THE ordinary monthly meeting of the Chemical and Metallurgical 
Society of South Africa was held on Saturday night in the Board 
Room of the Chamber of Mines. Mr W. Bettel presided, and there 
were also present Messrs Crosse, Wood, A. von Gernet, Lowinger, 
Williams, Pearce, Hall, Haddon, A. Wallace, F. G. Coxon, A. F. 
Stewart, J. Littlejohn, Knox, J. H. Davies, Chappel, and Charles 
Aburrow . 

.Mr A. F. Crosse read the following paper, entitled :-

NOTES ON DRY CRUSHING 

The title of this paper does not exactly explain what the nature 
of the subject iR which I intend bringing before your notice this 
evening; it would have been more correct to have called it "Notes 
on the extraction of gold by cyanide of potassium solutions applied 
direct to dry crushed ore." I wish it to be understood that I do 
not wish to claim any credit or originality for the process which I 
intend to discuss; it is merely an adaption of the McArthur-Forrest 
process; but it will do good to bring a question like this before our 
Society, and discuss it much in the same way that political questions 
are discussed before being practically adopted. I intend to treat 
the question more from a chemical point of view, but I hope that 
some of you will give us the advantage of your experience on the 
mechanical part of the question. The action of weak solutions of 
cyanide of potassium on our banket gold ores was so little known 
only a few years ago that I am not surprised if American mining 
engineers, who have been accustomed to stamp mills and amalgama
tion, should hardly realise the possibility of the present process of 
gold extraction being entirely revolutionised. Even Americans can 
be conservative, and I mention American engineers, as they have 
certainly taken the leading position here as regards battery work. 
However, the Germans say: " Probiere alles und behalte das beste," 
or "Try everything and keep the best." Two years ago I thought 
that the best way to get the gold out of pyritous tailings was to 
concentrate the tailings and sell the concentrates to some central 
works; and as to the question of amalgamation, I thought that nothing 
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Notes on Dry Crushing 

could possibly be better than the present method of catching all the 
free gold, as it is so easily extracted and so readily turned into a 
saleable form, realising its full value: but the same reasons that 
caused me first of all to doubt the advisability of close concentra
tions have led me to doubt whether the method at present in use on 
these fields is the best. As a member of a Committee appointed 
by the Chamber of Mines to examine and report on the question of 
concentration and everything connected therewith, I have had a 
pretty good chance of being well informed of what is being done; 
and though I am perfectly well aware that it is practically impos
sible from the data at hand to work out results showing the exact 
percentage of gold won from the ore, yet there can be no reasonable 
doubt that an appreciable percentage is still lost, and it is our busi
ness to find out where this loss occurs and reduce it if possible, if 
we can do so without paying too much for the extra gold won. 
Close concentration here has proved more or less a failure, and even 
the more recent method of catching 60 per cent. to 70 per cent. of 
the tailings, and treating them by cyanide, and letting the slimes 
go, can hardly be considered a complete success. Mr Williams's 
arrangement at the Crown Reef Gold Mining Company's works, of 
catching the coarse sand and coarse pyrites, is a very decided im
provement, as he does exactly what we advised in the majority 
report of the concentration committee-namely, he has adopted 
classification, so that the different portions can be treated according 
to the time required to dissolve a high percentage of the gold in 
cyanide of potassium. I do not, however, want to pass all the 
various methods for the treatment of tailings now in use in review, 
but I think that they all labour under one common difficulty, that 
is, owing to the large amount of water necessarily used, an appreci
able quantity of finely divided gold is carried away and so lost. Let 
us take the City and Suburban Gold Mining Company, where, I 
believe, they treat 69 per cent. of the tailings passing over the 
plates, and 31 per cent. is washed away. I do not mean 31 per 
cent. of the gold, but these slimes lost in this manner are worth 
from 16s. to 18s. a ton, and in this case alone certainly represent 
a money value of at least £25,000 a year. There are several 
mines in this district which would give a decent return on the 
capital invested, if the profit could be increased by three or four 
shillings a ton, and this difference could be obtained if we saved 
the finely divided gold carried away in the water, which is neither 
caught on the plates, nor by concentration, nor in the tailings. If 
the ore could be crushed dry and then treated with cyanide of 
potassium direct, we should treat all-or, to put it plainly, 100 
per cent. of the ore-and owing to the ease with whic[l a powdery 
material can be weighed and sampled, we should be enabled to 
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check the extraction very closely. I have often heard two argu
ments used against dry crushing, firstly, the expense of crushing 
the ore, and secondly, the length of time that it would take to 
dissolve the coarHe gold in cyanide solutions .. I cannot speak with 
any authority on the expense of crushing, but it is highly pt'obable, 
owing to the nature of the banket, and from the fact that the 
gold-bearing portion of the ore is more friable than the barren 
pebbles, that the expense per ton will not be much greater than at 
present, and that the capital required to put up a dry crushing 
plant of an equal capacity is certainly much less tlJan for stamps. 
The second objection, about the length of time required to dissolve 
the coarse gold, reminds me of the copy book motto, "Take care of 
the pence and tIle pounds will ta,ke care of themselves." I think 
the coarse gold is easily caught. Let us first catch the finely 
divided gold. As I will show you later on by actual figures, 
the finely divided gold is very important. By Mr A. S. Boucher's 
kind permission, I will give you some results of experiments which 
I have recently conducted for the Roodepoort Deep Level Gold 
Mining Company on some of their ore taken from a depth of 700 feet, 
and being therefore as good a sample of our deep level banket as 
one would wish to obtain. I received about three-quarters of a ton 
of this ore, and it was crushed by the Kl'upp-Greusenwerk S. A. 
Agency in one of their ba,ll mills. The sieving used had 500 holes 
to the square inch. It assayed per short ton: Fine gold, 5 ozs. 
12 dwts.; fine silver, 16 dwts.; and conroined 3'31 per cent. of 
pyrites, determined as bisulphide of iron. I then exa,mined a 
sample of the crushed ore, a,nd the following ta,ble gives the result, 
which I consider very instructive. 

Results given by Greusenwerk Ball Mill Contents of 
500 to 8'1 uare inch. Gold. 

A. + 1,600 mesh 28'35 per cent. '0140 per cent. 
B. + 3,600 " 

22'50 
" 

'0162 
" C. + 6,400 

" 
14'15 

" 
'0204 

" D. - 6,400 
" 

35'00 '0234 
" 

Contents of Assay value per ton of 2000. Pyrites. 
Ozs. Dwts. Grs. 

A. 2'01 per cent. 4 1 16 
B. 2'96 

" 
4 14 12 

C. 4'01 
" 

5 19 0 
D. 4'64 

" 
6 16 12 
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Notes on Dry Crushing 69 

Contents· of Gold Contents of Pyrites Pl'opol-tion 
of Gold to in Ore. ilL Ore. Pyrites. 

A. 22'03 per cent. 15'58 per cent. 1 : 143 
B. 20'28 

" 
18'21 

" 
1 : 182 

C. 15'03 
" 

17'14 
" 

1 : 196 
D. 42'66 

" 
49'07 

" 
1 : 198 

This table shows that though the. crushed ore was passed through 
a coarse sieve, the gold bearing portions were more finely crushed, 
fmd that 35 per cent. of the crushed ore passed through a sieve having 
6,400 holes per square inch, and .this portion contained 42'66 per 
cent. of 'the gold, and 49 '07 of the pyrites. Very much the same 
thing happens in wet crushing, and a large percentage of this finely 
divided gold is never caught. A milling assay gave 36'5 per cent. 
of free gold. It is very often considered that laboratory experi
ments are not of much use, but a great deal can be learnt about 
the various reactions which take place, such as the amount of 
cyanide decomposed per ton, and the time required to obtain a 
given extraction by working Oll small quantities. I took 1000 
grammes of the ore I mentioned, and treated it with 0'2 per 
cent. solution of cyanide in a long glass separating funnel. I 
let the solution pass through about once a day for six days. I then 
found that I had used one gramme of cyanide, and that I had dis
solved 83'66 per cent. of the gold contained in the ore. The ore 
was very rich in gold, and required .more time, and in consequence 
more cyanide, than a poorer ore. I panned the residues, and 
obtained 9'8 per cent. of gold, making 93'46 altogether. I then 
treated 1400 Ibs. of the ore as I received it from the Krupp
Greusenwerk ball mill. I found that leached very easily. And the 
result that I obtained was as follows, the calculation being based on 
very careful assays of the ore residues and solution :-Total gold 
in the ore treated 3'509 oz., left in residues 0'446 oz., extraction 
88'7 per cent. I weighed a cubic foot of the dry crushed ore, and 
it weighed 103 Ibs., or a ton would occupy 19'4 cubic feet. It 
would be well worth the expense if one of our large makers of 
mining machinery were to make experiments on the best method of 
crushing pyritous banket, with a view to its subsequent treatment 
by cyanide solutions. They should first of all take into considera
tion the nature of the ore to be treated, bearing in mind the fact 
that the gold is in the cement and pyrites, and not in the pebbles. 
Banket is not like some ores, with the gold finely but more or less 
equally distributed. The ideal method would be to crush the 
cement and pyrites to a fine powder, and leave the quartz pebbles 
as a coarse sand to assist the lixiviation. Mr Knox has elaborated 
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an ingenious method of crushing and cyaniding. I am sorry that 
he has enriched this Republic by patenting his method. In my 
humble opinion I should hardly have thought it sufficiently novel. 
I am not sure that Krom rolls would be the best machines for the 
purpose, as I believe it is claimed for them that they reduce every
thing to a uniform size. This may be very advantageous for amal
gamation and subsequent concentration, but in dry crushing and 
cyaniding we have quite a different problem, for the reasons stated 
above. My idea would be to arrange a series of Gates' crushers, 
one Krom roll, and then a short treatment in a ball mill, with a 
500 or 600 mesh screen, to grind up the pyrites and cement, and 
so liberate the finely divided gold. But of course it will be neces
sary to make a good many experiments before we know for certain 
which method will prove the best. But if it can be proved as an 
indisputable fact that more gold can be got out of dry crushed ore 
at about the same cost per ton as at present, I do not think that 
we shall have to wait very long for the requisite machinery to crush 
the ore. From a chemical point of view the process is very fasci
nating; you have a porous material easily leached, full of air, free 
of basic sulphates or free acid; the consumption of cyanide would 
be very small; and should there he coarse gold present, it would 
certainly be more rational to free the fine portion or slimes of their 
gold first, and then concentrate, say in a spitzkasten, when the loss of 
the slimes would not entail the loss of gold also. The control of the 
whole process would be much easier than it is at present. It is a 
comparatively simple matter to weigh and sample dry material, and 
by careful assaying any considerable loss of gold should be easy to 
detect. I think the leakage in the amalgamation process is greater 
I;han from the cyanide vats. My object in reading this paper is to 
start discussion on what I may, be allowed to term the coming 
process on these fields. A short note on some experiments on the 
rate at which gold dissolves in cyanide solutions may be of interest. 
The percentage of silver in the gold has a decided influence. I have 
only tried experiments with fine gold, and gold and silver, in the 
proportion of our average native gold, namely, 87 per cent. gold, and 
13 per cent. silver. I found that under similar conditions the 
sil ver and gold alloy dissolved 1'66 times as fast as the fine gold. I 
took a long strip of gold and silver alloy as above, and placed it in a 
0'6 per cent. cyanide of potassium solution under the following 
various conditions, noting the weight lost per square centimetre per 
diem. In a solution deprived of oxygen, no gold dissolved; in a 
solution with ordinary amount of oxygen, 0'4 milligrams; in a 
solution with air slowly passing through, 2'0 milligrams; in a solu
tion with oxygen slowly passing through, 3'2 milligrams; though I 
may remark that I am inclined to think that the mechanical action 
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Notes on Dry Crush£ng 

of the air and oxygen bubbles though passing very slowly, 
may have had some effect on the result. Though the broad 
foundation of the cyanide process was laid when it was 
discovered by McArthur and Forrest-that weak solutions of cyanide 
of potassium would dissolve gold, a great deal yet remains to be 
found out; and though many experiments may appear to be of 
merely theoretical value, it is impossible to draw the line between 
the theoretical and practical; and when cyanide of potassium gets 
cheaper, as I am sure it will, this process of gold extraction will be 
hard to beat, especially in a climate like ours, where the solutions 
never freeze, and where we have millions of tons of ore vet unmined, 
with gold in a finely-divided state, waiting solution. There are still 
some other points in connection with dry crushing which are of 
importance, snch as, for instance, the preliminary drying of wet 
ores. I hope to raise a good discussion on this subject which I have 
hrought to yonI' notice, and I hope discnssion will be confined to its 
proper limits, and that in future, professional "metallurgists" will 
remember that it is i1ifm dig to write anonymous letters to the 
papers. Every man will have fair play here. 

Mr Williams asked what was the time of contact in the experi
ment with ore giving 88·7 per cent. of gold. 

1\11' Crosse replied that the time was seven or eight days-a long 
time. It was an exceptionally rich ore. . 

Mr J. H. Davies asked why it was necessary to dry damp ore 
before crushing. He should have thought a slight amount of damp
ness would not matter. 

Mr Cl"os~e replied that from the chemical point of view it would 
matter, because if the moisture remained in the ore they would 
have basic salts formed, which they wanted to prevent during the 
crushing. 

Mr Knox said he was not aware that visitors were allowed to 
speak, otherwise he would have come prepared with some notes and 
facts. At the present moment he could only allude generally to the 
researches he had gone into with regard to dry crushing and direct 
treatment. For a long time the matter occupied his attention-in 
fact for many years-and it occurred to him that the idea of obviat
ing the existence of slimes was more simple than that of treating 
the slimes themselves, and hence he went into rather exhaustive 
experiments with regard to the treatment of dry ores. Generally, 
he might say, he had found this: that out of almost 2000 assays of 
Rand ore, [lU of them, with few exceptions, would have to pass 
through a 900 sieve. With an ordinary pestle and mortar he got 
an average result of about 1600; by passing through a 900 sieve 
about 25 per cent.. did not pass, and the remainder went down to 
4000, 5000, and 6000. His results with cyanide upon low grade 
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ores, averaging from about 1 to 2 dwts. up to about 1 oz. odd dwts., 
gave from 90 up to as high as 98 per cent. on a 258 lb. sample in 
thirty-six hours. -The maximum he got was with 8 dwts. ore, and 
he got 98 per cent. in thirty-six hours. In crushing dry the matter 
was deposited gradually, and not as with water carriage, where of 
course everything was separated according to its specific gravity. A 
filter bed was produced, and the leaching was very rapid. The 
working process was as simple as the original application. In the 
dry process there was little or no opportunity for the generation of 
acid. The ore was attacked as soon as ever it was crushed. Of 
course, he had detected a very slight presence of acid, but it was 
very small, and the cyanide could be applied direct with very little 
deleterious effect. Another great advantage was that they were 
able to crush "to a much finer degree-to a greater degree of fine
ness. Of course if they crushed in the presence of water to a great 
degree of fineness, the water carried away so much greater a per
centage of slimes; but in the dry process, if they crushed fine, the 
layers, which were partly created by specific gravity in water, were 
obviated. The whole evidence which he had been able to collect 
showed that Rand ore, with the exception of soine definite and un
mistakable runs, shoots, or pockets, was of an undoubtedly fine char
acter. The vast majority of it was flaky. But presuming in 
some instances it was not so, that the ore ,,'as not flaky, but 
occasionally granular, the fact of its being roll-crushed to a fine 
degree would tend to flatten out anything of a granular nature, 
and so make it still more readily attacked _by the cyanide than it 
could be caught by amalgamation. The tendency in the wet pro
cess would be for it to float, but by being flattened out it would 
be more readily attacked by any chemical. The very rich ores 
could look after themselves. What they wanted to look after 
were the millions of tons of low grade finely-divided ores, which 
up to the present were lost or not able to be recovered. 

Mr Sawyer said -it was necessary to dry wet ores for use with 
Krom rolls. The Rand quartz was neither very clayey nor very 
wet, but it contained some superficial moisture which might have 
to be removed before the ore reached the rolls. This could be 
-done by means of a hot wind apparatus. Air could be economi
cally and quickly heated to a very high temperature-3000 to 

4000 cubic feet per minute at a temperature of 300 degs. to 600 
degs. being easily obtainable. The ore, after being sorted, might 
be cheaply passed over a slowly-moving continuous belt through a 
chamber through which a current of hot air passed. He had 
described the effect of hot air in taking up moisture in a paper 
read in 1885, on the temperature of air currents in mines, 
before one of the English institutes of mining and mechanical 
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Notes on Dry Crushing 73 
engineers, a copy of which he would leave at the Chamber of 
Mines. 

Mr C. T. Roberts asked whether the drying of ores had any 
chemical effect, and would prevent the action of the cyanide ~ 

The Chairman-I do not think so. 
Mr Roberts said he had recently been getting out a roll·crushing 

plant for a company here, and one objection that arose was that 
the ore would be wet as it came from the mine. He proposed 
passing it through two revolving furnaces, but that was objected 
to by the Company's assayer, on the ground that it would prevent 
the cyanide from acting on the stuff in crushing. 

The Chairman-No. 
Mr Roberts said, with regard to wet ores, he did not think 

there was any difficulty .at all with the exception of clayey ores. 
He had done a great deal of crushing with rolls, both wet and dry, 
and never had any trouble in any shape or form. 

Mr Williams said he worked in Namaqualand for seven or eight 
years, and the prayer of every man there was that God would send 
them a river to enable them to do without dry cr-ushing. Every 
millman he had met ha.d found the same thing as himself, that 
they could crush twice as cheaply with water as without water. 
He did not think the ore with which Mr Crosse had experimented 
was a typical ore of the place. An important point was that 
wha tever coarse stuff there was with the present process, the 
battery gave 100 per cent. He thought the problem lying before 
them was rather the successful treatment of pyritic ore, which 
would be the feature here by-and-bye. 'With regard to slimes, he 
said, first., treat them; and, in the second place, make less of them. 

M r Yon Gernet said he thought that in any case it would be 
necessary to amalgamate the residues after they had been dry 
crushed and treated by cyanide. About four or five years ago he 
had occasion to see experiments of this kind in Hungary. The ore 
was dry crushed, then tr-eated by cyanide, and the residues after
the cyanide treatment contained a great deal of gold-up to about 
30 and 40 per cent. They could not, however, get a high extrac
tion by amalgamation of the residues, and the experiments were 
given up. 

Mr Haddon ~aid the gold could be got out by amalgamation
he had done it at the Meyer and Charlton-but the expenses could 
not be brought low enough. 

The Chairman said he had himself extracted the gold from the 
residues at the Robinson, and got 50 per cent., but the water 
required in sluicing out the tailings was considerable. 

1Ylr Roberts remarked that a great deal of prejudice existed in 
America and elsewhere against rolls. He thought it was the duty 

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
)



74 Chemlcal and Metallurglcal Society 0/ s. A/rzca 

of the Chamber"of Mines to put up rolls and make experiments 
with them. He did not believe that the Krom rolls were the best 
by a long way. They had several defects, and had always been 
put in to run at too high a speed to give an "economic result. 

Mr Pearce thought that advocates of dry crushing had over
looked one important fact, that 70 or 80 per cent. of gold was 
caught on the plates, and that there was no royalty to pay on that. 

Mr Boucher said that cyaniding after dry crushing was being 
carried out at present in New Zealand in most of "the important 
mills there. The dry crushing apparatus was rather crude, and 
therp.fore he would not refer to "it. The gold was almost infini
tesimally fine, and could not be caught by wet crushing. At one 
of the best batteries at Waihi, in the North Island, they only got 
5 dwts. out of 23 dwts. by wet crushing. They then started to 
crush dry and pass the ore direct into cyanide vats by means of 
continuous belting and elevators, and they succeeded in obtaining 
21 dwts. out of 23 dwts. 

Mr Davies said that with reference to an acid being formed by 
the damp in the ore, the ore was all more or less damp when it 
came out of the mine, and it generally got damp in the cyanide 
vats. Why was there so much necessity for drying the ore ~ 

Mr Crosse replied that he did not think there was any danger of 
much acid being formed so long as lumps of ore were wet, and there 
was no danger once the ore was in the vats. The danger was in 
having it exposed to the atmosphere in a moist state. With re
gard to the action of heat upon pyritous ore, he had made a great 
many experiments. They could make ore pretty hot, and they 
would drive off a certain amount of sulphur, but the gold would 
dissolve just as well in the cyanide as before, perhaps better. 

Mr Williams remarked that the ore as it came from the mine 
contained on an average from 5 to 10 per cent. moisture. To dry 
that would cost a considerable amount of money. He went on to 
observe that he had never seen anything that would touch the 
Rand ores for wearing steel, &c. Shovels often did not last more 
than four weeks. Owing to the nature of the ore they wanted 
twice as much water here to wash the ore as they needed elsewhere. 
He was afraid the wear and tear on machinery by Rand ore was 
going to be considerably more than some of the speakers had anti
cipated. 

Mr Boucher bore out the remarks of "Mr Williams about banket 
wearing away steel so quickly, and said the existence of emery 
powder in the banket would account for this. 

Mr Crosse, in answer to Mr Williams, said it would be a very 
difficult problem to treat some of the slimes on these fields. In some 
cases, where they lost 3s. or 4s. in gold per ton, it might be worth 
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putting out Is. more for crushing to get 2s. or 3s. worth more of 
gold. The question could only be settled by a series of experi
ments on a large scale. 

It was agreed to adjourn the further discussion on Mr Crosse's 
paper till the next ordinary meeting of the Society. 

SPECIAL GENERAL MEETING 

A special general meeting of the Society was afterwards held, to 
consider the advisability of altering bye-laws 12 and 13, in view of 
the increased expenditure by the Society. 

The Chairman explained that an expenditure of £7, lOs. per 
month would be incurred for the rent of a room in the new 
Chamber of Mines building. The Society would have a library 
accessible to all visitors. The proposal was to meet the expenditure 
by increasing the contributions of town members. 

The proposed alterations were agreed to by those present, and it 
was stated that the alterations would come up for confirmation at 
next meeting. 

This was all the business, and the meeting separated. 
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VIII 

THE ordinary monthly meeting of the Chemical and Metal
lurgical Society of South Africa was held on Saturday night 
(December 15th, 1894), in the Board Room of the Chamber of 
Mines. Mr W. Bettel presided, and there were also present 
Messrs A. F. Crosse, J. S. Ourtis, A. von Gernet, E. B. J. 
Knox, C. Butters, Dr Loevy, F. VV. Allsop, J. C. Sharp, R. 
G. Bevington, F. G. Coxon, S. H. Pearce, J. ;Buchanan 
(secretary), G. A. Darling, John Hobart, H. W. Peacock, W. 
M'Lellan, Jas. Littlejohn, D. Murray, A. Wallace, F. H. Iselin, 
S. H. Ford, S. B. Asher, Dr Garvy, H. Gill Banks, W. Scoular, 
A. H. Hartley, F. L. Ireland, H. G. Nitch, G. Marshall, N. J. 
Suckling, R. G. Mahon, F. Landstrom, C. E. Moore, R. Chrystal, 
F. Buckland, L. Schlauntz, Fernside Irvine, and T. Wood. 

Mr Curtis read the following paper on 

THE REDUCTION OF RAND ORES BY AMALGAMA

TION AND CONOENTRATION 

In this paper it is proposed to discuss the treatment of Rand 
ores by mechanical methods, as distinguished from the cyanide 
and other processes in which chemical reagents play the most 
important part j and for that reason it is better to consider 
amalgamation a mechanical rather than a chemical process, 
though, strictly speaking, it belongs to the last-named. Amalga
mation.-It would be superfluous to describe here the ordinary 
Rand amalgamation process, as it is so well understood, and as it 
is almost the same in all our mills, with the exception, of course, 
that some mills are better manipulated than others. Moreover, 
the methods which I am about to recommend apply principally to 
the treatment of the pulp after it leaves the plates, for it appears 
to me that wet crushing with stamps and amalgamation on plates 
as first steps in the reduction of gold ores have come to stay, and 
not even the most enthusiastic advocate of any subsequent method 
(either chemical or mechanical) of treating the tailings from the 
plates would risk doing away with the battery and its attendant 
amalgamation, especially when the cost of crushing and wear of 
plates has, in moderate-sized mills, been reduced to less than 3s. 
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The Reduction of Rand Ores, ere. 77 

per ton, while the percentage of extraction of the gold III most 
cases exceeds 60 per cent. of the assay value of the ore. Outline 
of the process.-(l) After leaving the plates the pulp will pass on 
to concentrators, which will extract hom 30 to 50 per cent. of the 
gold remaining in the pulp after amalgamation. The percentage 
of gold saved in the concentrates will depend on the number of 
concentrators handling the pulp, and the efficiency of the work 
done by them. Where sufficient concentration is used, I estimate 
that the gold recovered can be depended upon under ordinary 
circumstances at 40 per cent. of the gold leaving the plates, which 
would be 16 per cent. of the assay value of the ore, taking the 
quantity of gold won by the first amalgamation process at only 60 
per cent. (2) The tailings from the concentrators will pass into 
a grinding machine, where they will be finely pulverized. (3) 
After being finely pulverized, the tailings will flow on to a second 
set of amalgamating plates. I estimate the gold saved by this 
second amalgamation at from 30 to 50 per cent. of the amount 
contained in tailings from the concentrators, say, an average of 40 
per cent. This would give 9'6 per cent. more of the assay value 
of the ore, or a total extraction of 85'6 per cent. up to the present 
time. (4) Should it be found at this stage of the process that the 
tailings still contain enough gold in the sulphurets to warrant 
further concentration, they aTe to be passed over another set of 
concentrators. (5) From the set of concentrators or the last set 
of plates, as the case may be, the tailings will flow out of the mill 
over automatic blanket strakes, which alternate with sluice boxes 
containing amalgamated copper plates j and this last manipula
tion can safely be credited with a 20 per cent. extraction, which 
would give a total of 88'48 per cent. of the assay value of the ore. 
As regards the percentage extracted by the first amalgamation, it 
can be said that in the best regulated mills of the Rand this is 
over 65 per cent. in several instances, even when a screen no finer 
than 900 meshes to the square inch is employed, and this size of 
mesh is, I believe, the one most used here. The percentage of 
gold saved in the sulphurets varies considerably. At Langlaagte 
Estate, where four vanners are used for five stamps in one part of 
the mill, the percentage of extraction 'is probably the highest. 
Naturally, the quantity of sulphurets obtained and the amount of 
gold saved in them are dependent upon the number, the form, and 
the manipulation of the concentration appliances used. It is not 
intended, however, to discuss in this paper the merits of different 
concentrators or the various ways of manipulating them j but I 
desire to' point out that larger quantities of sulphurets, containing 
more gold, cOllld readily be obtained if more attention were given 
to this method of winning j and this could be accomplished with 
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but a slightly increased cost of plant. I subjoin some figures 
obtained from tests made for the Concentration Committee of the 
Chamber of Mines. 

Tailings from Village Main Reef, without slimes (these tailings 
had already been concentrated twice) :-

Weight treated 
Assay value of tailings per ton 
Total gold in tailings 
Concentrates obtained 
Assay value of concentrates 
Total gold in concentrates . 
Percentage of gold caught by con-

centration 
20'858 tons tailings contained 0'87 

per cent. FeS2 or 
0'192 tons concentrated contained 

33'3 per cent. FeS2 or 
Percentage of FeS2 caught by con

centration 

Tailings from Village Main Reef, with 
had already been concentrated twice) :-

Weight treated 
Assay value of tailings per ton 
Total gold in tailings 
Concentrates obtained 
Assay value of concentrates 
Total gold in concentrates . 
Percentage of gold caught by con-

centration 
11'756 tons tailings contained 0'74 

per cent. FeS2 or 
0'1165 tons concentrates contained 

29'0 per cent. FeS2 or 
Percentage of FeS2 caught by con

centration 

20'858 tons. 
2'37 dwts. 

49'43 dwts. 
0'192 tons. 

52'0 dwts. 
9'984 dwts. 

20'2 per cent. 

0'1815 tons. 

0'064 tons. 

35'3 per cent. 

slimes. (These tailings 

11'756 tons. 
2'58 dwts. 

30'33 dwts. 
0'1165 tons. 

53'0 dwts. 
6'17 dwts. 

20'3 per cent. 

0'087 tons. 

0'034 tons. 

39'1 per cent. 

The cost of concentration in large mills is under 6d. per ton, 
but the cost of treating the pyrites is very considerable, and it has, 
up to the present, handicapped a process which would have been 
more universally used had the tariff for the extraction of the gold 
by means of chlorination been put at a lower figure. The cost is 
.at present between 2s. 6d. and 3s. 6d. per ton of ore. Experi
ments have been made in treating the concentrates by cyanide, and 
these have proved that the cost of the extraction of the gold by 
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The Reduction of Ra1zd Ores, &c. 79 

this method is much less than the cost of obtaining it by chlorina
tion. If the percentage of gold obtained by the former process is 
not so large as that obtained by chlorination, it does not much 
matter from an economic point of view, as the percentage of gold 
extracted over about 90 per cent. benefits the chlorination works 
and not the mines. In grinding the tailings from the concen
trators, various machines can be used, but in my opinion some form 
of ball mill is best adapted to the purpose, as the wear and tear in 
machines of this kind is likely to be less than in most varieties of 
pulverizers, and the worn-out parts are easily replaced. I put the 
cost of grinding at 6d. per ton for wear, and 2s. for cost of driving, 
maintenance, &c.-a total of 2s. 6d. per ton. It is a well-known 
fact that the gold in the Rand banket is contained in the matrix 
and on the surface of the pebbles themselves, and I only refer to 
this to explain what takes place in the process of grinding, namely: 
The pyrite containing the gold being softer than the quartz of the 
pebbles, is sooner disintegrated, and therefore a given quantity 
of gold is more quickly liberated from banket by grinding than it 
would be from the same amount of quartz of an equal hardness and 
value. As the hard particles of quartz from the pebbles are being 
constantly ground into the softer pyrite by the action of the steel 
balls, this pyrite is sooner brought into a finely divided state than 
would be the case if the material consisted entirely of quartz. It 
has been contended t.hat if the tailings are ground fine, the gold 
will be in such a minutely divided state that its amalgamation will 
be impossible. All I can say to this contention is that in the 
matrix of almost all the Rand bankets (I am speaking of pyrite 
ore) the gold is free-that is to say, that it is in a metallic state, 
and not coated with substances which prevent its union with mer
cury; and it has been my experience that if the Rand sulphuret 
ore is pulverized sufficiently fine, the gold can be obtained by 
mnalgamation. Several years ago, in grinding and amalgamating 
gold tailings in what is here called a Wheeler pan, I found that.1 
could extract 50 per cent. of the gold in eight hours. This par
ticular lot of tailings was worked three times in six months, and 
each time a fair extraction was obtained, the last working showing 
that about 40 per cent. of the gold remaining in the tailings after 
the second amalgamation was recovered. This was partly attribut
able to the weathering of the particles of quartz when exposed to 
the atmosphere, but was principally due to the liberation of the 
gold through grinding. Whether the tailings should be concentrated 
a second time after they pass from the second set of plates would 
depend on the original value of the ore, the value of the product 
obtained from the last concentration, and the cost of winning the 
gold from the pyrites, a matter easily determined by experiment. 
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By allowing the tailings leaving the mill to run over automatic 
blanket strakes or slime concentrators, and through sluice boxes 
containing amalgamated plates, the percentage of extraction can be 
further increased. The advantages of this method are numerous. 
In the first place, the process is a continuous one. From the time 
the ore enters the mill until it leaves the last sluice box, it is 
manipulated mechanically. There is therefore a great saving of 
labour, . and the ordinary waste due to handling is obviated. 
Again, the first cost of the plant for treating the tailings from the 
first set of concentrates would be less than the cost of a cyanide 
plant. The whole ·bulk of the tailings would be treated, whereas 
by the present method a maximum of only 70 per cent. of the 
tailings is worked, the remainder flowing away in the form of 
slimes, which, taken throughout the Rand, are but a little inferior 
in value to the bulk of the tailings. The loss of gold through the 
treatment of the zinc slimes would be obviated, as well as the dis
count on the gold bars due to their lower degree of fineness. The 
mainstay of the whole method would be, however, the cheapness 
and facility with which the gold when liberated from Rand ores 
can be amalgamated. 

Discussion on the paper was left over till next meeting. 

Mr W. Bettel said-In reopening the discussion on Mr Crosse's 
paper, entitled" Notes on Dry Crushing," I propose to give some 
data which, to my mind, explain why dry crushing of gold ores 
has, up to the present, been regarded as, commercially speaking, 
impracticable. Drying the Ore.-I believe that it is generally an 
accepted fact, that in order to crush dry, not only must the ore be 
deprived of all its moisture, but it must be delivered hot to the 
stamps or rolls. This drying operation necessitates a considerable 
outlay for furnaces, and the cost of working varies from 2s. to 4s. 
per ton under conditions similar to what obtain on the Rand. 
Dry Crushing-Stamps v. Rolls.-Having obtained the hot dry 
ore (at a C(\st exceeding the present system of wet stamping and 
amalgamation), Mr Crosse proposes to crush it by any means other 
than stamps, and deliver it to cyanide tanks for treatment, assuming 
that 100 per cent. of the material crushed would, in this manner, 
be treated successfully by cyanide. From data obtainable it is 
more than doubtful whether any rolls, ball mills, or pulverisers at 
present manufactured will successfully compete with stamps for 
dry crushing hard rock. I may refer to experiments made at 
various mills in America with differential and other rolls, ball mills 
of various kinds, and other grinding machinery which have from 
time to time entered into competition with stamps for dry crush
ing, with the invariable result, that for hard rock stamps have held 
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their own. It is undoubtedly a fact that a new pair of rolls, or 
indeed any kind of dry grinding machinery will perform good work 
for a time, but the output diminishes rapidly' in proportion to the 
wear, which is uneven, on the grinding surfaces of the machinery; 
the expenses then increase out of all proportion to the work done. 
It is no argument to say that American millmen are pr~judiced 
<1gainst the use of rolls for fine crushing. On the contrary, I have 
good reason to believe that if a good grinding mill were proved to 
be superior to dry crushing stamp mills, American millmen would 
be the first to take advantage of the improvements offered, for the 
reason that in treating base milling ores the millman is compelled 
to crush dry for chloridising, and naturally adopts, not rolls or 
pulverisers, but stamps. The reason is not far to seek, the 
wear and tear-not in lbs. of metal per 100 tons of rOQk, but 
in value of metal worn and rendered useless-is much greater on 
ball mills, rolls, and pulverisers than on stamps. The wear and 
tear on all dry crushing machinery, excepting shoes and dies, is at, 
least five times as much as in the ordinary wet process for equal 
time of running, owing to the grinding action of the dust produced. 
Again, if by adopting an improved pulveriser the cost of crushing 
could be brought so low that it would be possible to work 8 or 10-
dollar silver ores at a profit, does it not strike a superficial observer 
as curious that numerous mines carrying such ore have been shut 
clown on account of inability to pay working e.xpenses? I refer 
more particularly to silver milling, for dry crushing has been 
brought to the present state of perfection by American millmen, 
who would most gladly resort to wet crushing if practicable for the 
following reasons :-1. The ore does not require drying before 
crushing. 2. 50 per cent. less rock is crushed by dry stamp mills 
than by wet crushing, all other conditions being similar. 3. Dry 
crushing is unhealthy and is dangerous to life On account of the clust 
produced and inhaled, causing pulmonary complaints in spite of 
precautions, such as use of respirators (called "mu:;::zles" by work
men. See advertisement, J. Taylor & Sons' price list, p. 162.) 
On the Rand I would further enumerate some advantages of wet 
over dry crushing. 1. Slimes can bt;l caught and worked at a cost 
not exceeding ,the present cost of working tailings. With ordinary 
care 99·75 per cent. of the slimes at present flowing away (equal to 
a savin:g of 99·9 per cent. out of 100 per cent. of original ore 
crushed) could be caught, and 80 to 85 per cent. of its gold con
tents extracted by weak cyanide solution. Float gold, therefore, 
ceases to be a bugbear. 2. As Mr Pearc~ and Mr Williams pointed 
out, the recovery of coarse gold by amalgamation is the most 
rational and at the same time the cheapest process known to metal
lurgists for treating gold ores, and can never be Ruperseded by direct 
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cyaniding. 3. The ore, large and small, wet and dry, can be crushed 
by " wet" stamping for less than one-half the cost of labour, fuel, 
iron and steel, lubricants, &c., incurred in dry crushing by any 
process at p1'esent in operation. 4. The process of wet crushing is 
not unhealthy like dry crushing. 5. A greater profit can be obtained 
by wet crushing and amalgamation, arid treatment of tailings and 
slimes by the cyanide process. In support of my contentions I 
herewith give you som,e particulars of American practice which I 
have obtained from three experienced "dry crushing" millmen I 
am acquainted with, who have had exceptional experience in dry 
and wet milling, both in America and on the Rand. 

COST OF DRYING ORE 

Drying O1'e on .flat suiface dry kilns , at the N01·them Belle Silve1' 
Mining Co., Belleville, Esmeralda Co. (shut down in 1884).
Fifty tons of ore dried per twenty-four hours in each drier (two 
in use}-Fuel, four cords of wood at 5 dollars a cord, 29 dollars; 
labour, nine men (three on shift eight hours) at 4 dollars, 36 dollars 
-56 dollars= 1 dollar 12 cents (or 4s. 8d.) per ton. This method 
is however obsolete. 

'Drying ore in 1'otary driers at the Highland Chief Mining Co., 
Lewis, Nevada.-This drier consists of a cast-iron cylinder, 4 
feet diameter by 30 feet long rotated by usual mechanical means. 
Speed, six revolutions per minute; capacity, per twenty-four hours, 
30 tons. Two driers to forty stamps, crushing 1! tons per 
stamp. The ore is elevated to rock breakers from where it falls 
on to, a self-feeder placed above fine end of drier; the ore is 
shovelled hot into the mill. For sixty tons-Fuel, four cords (at 
8 to 10 dollars per cord) calculate at 5 dollars for comparison with 
fiat plate kiln, 20 dollars; labour, three men (one on shift) at 
4 dollars, 12 dollars; motive power, 2 h.p. for twenty-four hours, 
60 cents = 54 cents, or 2s. 3d. per ton, showing a considerable 
economy. It is the opinion of the millmen to whom I referred 
that a drying furnace of some kind is an absolute necessity for a 
dry crushing plant, and that the material discharges better from 
the screens if charged to the mill hot. If' slightly damp the ore 
blocks the screens. 

CAPACITY OF DRY CRUSHING ~nLLS 

Northern Belle Silver Mining Co., Nevada. - Forty stamps, 
weight of stamp 1200 lb.; drop, 6 to 7 inches, 100 drops per 
minute; capacity, 2~ tons per stamp per twenty-four hours; 
character of ore, soft, free crushing. 

M~ount Diabolo Silver Mining Co., Soda Springs, Esmeralda 
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Co., Nevada.-Ten stamps, weight of stamps 1000 Ibs. each; capacity, 
28 to 30 tons per twenty-four hours. Ore similar to Northern 
Belle, but more friable. 

The Loretta Silver .M~inin.1 Co., Sinalo(~, Mexico. - Twenty 
stamps, weight of stamps· 7 5 0 Ibs.; drop, 6 to 7 inches, drops per 
minute 90; capacity, 25 to 30 tons per twenty-four hours; 
character of ore, very hard quartz. 

The Leopard Silver .M~ining Co.----::Twenty stamps, weight of 
stamps 750 Ibs.; drop, 6 to 7 inches, 90 drops per minute; 
capacity, 25 tons per 24 hours; character of ore, quartz similar to 
Rand banket for hardness. 

The wear in steel (shoes and dies) in dry crushing is about 
equal to that of a wet crushing mill of the same size. The 
daily output of a dry stamp mill worked on Rand ore would, 
in the opinion of the experts I have consulted, not exceed 
_2.z tons per stamp, and would therefore be twice as costly 
as wet crushing. I take a stamp mill as being the cheapest form 
of dry pulveriser extant. To conclude, the only advantage cited 
of " dry" over "wet" crushing for gold ores is, that slim(Ols would 
not be formed, and 100 per cent. of the ore would be collected for 
treatment. In all the best American mills exhaust fans are 
always used, and the dust is delivered into large dust chambers. 
In spite of all precautions a not inconsiderable quantity of fine 
dusted ore escapes. In one of the Granite Mountain Mills, "Mill 
C," at Rumsey, Montana, it was not an uncommon occurrence for 
the air to be so charged with fine dust as to obscure objects at a 
distance of 20 feet, owing to the exhaust fans (two powerful 
Buffalo forge fans 10 inches diameter at outlet) getting choked 
with fine dust. Even when working satisfactorily fine dust 
leaving the dust chambers had to be led through the roof by a 
wide pipe 30 feet high. It is the common, and almost universal, 
pL"actice for the workmen in dry crushing mills to wear wet sponges 
as respirators, or such as have been previously alluded to as 
"muzzles." I think these facts dispose of the statement that 
1 00 per cent. of the ore crushed can be treated in tanks by 
cyanide. I have further alluded to the fact that 99·9 per cent. 
(and over) of the material crushed in a wet stamp mill may be 
collected and treated by cyanide. I therefore fail to discern the 
benefits to be derived in this direction from dry crushing. The 
supposed increased yield (which is at present on paper) by dry 
crushing would be discounted by (1) 2s. per ton for drying; (2) 
double present cost of wet milling and amalgamation ; (3) extra 
cost of sluicing ore out of vats after treatment by cyanide, for 
amalgamation of coarse gold, or loss of such gold if amalgamation 
(after cyaniding) is not resorted to. I can therefore only come to 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



84 Chemical and MetallzergicalSocz"ely of s: Afrz"ca 

-the conclusion that the advantages claimed for dry crushing and 
direct cyaniding with existing appliances are visionary, and 
entirely unwarranted in face of past 'and present practice. 

After a few remarks from the Secretary, 
Mr Suckling spoke in favour of dry . crushing, and stated that 

arrangements were being made to try that process oil a practical 
scale here, so that he hoped the members of the Society would have 
an opportunity of verifying or otherwise the statements that had 
been made that evening. 

lVIr Knox also spoke in favour of dry crushing. A great deal of 
stress had been laid upon the necessity of drying the ore before 
crushing. For certain purposes there was no doubt about it that 
there was a great necessity for drying the ore, particularly if it was 
intended to crush with stamps, but as long as there was not suffi
cient dampness in the ore to make it clog the crushers or rolls, he 
maintained that a slight moisture was rather an advantage than other
wise. Practical experience had taught him that under such condi
tions there was no difficulty in reducing the ore to a considerable 
fineness. An amount of dampness .that did not absolutely interfere 
with the crushing was not only no detriment, but an advantage, as 
it obviated a certain amount of dust. He then gave a comparison 
between the cost of a fifty-stamp mill and a roller plant to treat the 
same quantity of ore, and showed that the cost would be immensely 
in favour of the latter. 

Mr Butters said the question of dust depended a good deal on 
what they crushed with. If they crushed with a dry stamp mill 
there would be a dust, and they would always wish they were 
crushing with a wet mill. lVIr Krom, of New York, whom he knew 
very well, built almost dust proof mills. In the rolls there were 
exhausters which passed the air through dust machines, which re
moved the dust from it. Mr Krom's mills were fairly free from 
dust, and they did fairly good work. .He had known Mr Krom foe 
a great many years, but he had never made any great amount of 
money out of dry crushing mills. There had been a lot of dry 
crushing mills used in various parts of America, but somehow or 
·other they did not repeat them in the same locality. (Laughter.) 
If they thought of going in for dry crushing they ought to have Mr 
Krom out here in order to teach them how to do it or how not 
to do it. (Laughter.) 

Mr Crosse, replying on the discussion, said his chief oqject in 
brmging forward the question of dry crushing was, that he thought 
the use of cyanide during the last few years had so very much 
altered the nature of gold extraction, that it had become a question 
whether it would not be better to use the new solvent of cyanide of 

. potassium for gold extraction, applied direct to dry crushed ore. 
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He did not think Rand ores as they came from the mine contained 
anything like 10 per cent. of moisture, and therefore the cost of 
drying need not be as high as had been stated by some. He still 
adhered to his opinion that if the ore could be crushed cheaply in a 
dry form, cyanide of potassium in weak solutions for the extraction 
of gold would be difficult to beat. 

Mr Butters said he thought Mr Krom would guarantee to dry 
crush for them at 2s. per ton. He was quite sure that Mr Krom 
would guarantee to come to this country and erect a mill that 
would dry crush at 3s. per ton. He thought Mr Crosse deserved great 
credit for bringing forward the question, and he considered that what 
he had said about the treatment by cyanide having added a new 
feature to gold extraction, was correct, and therefore it might be 
well for them to look back and review the whole question. He 
thought the circumstances of gold extraction were entirely changed 
by the use of the cyanide process, but what the future of that pro
cess was to be, he would be a bold man who would venture to say. 
In five years time on the Rand they might be dry crushing, or they 
might not. He had not seen it in any part of the world, but he 
did not think it impossible, nor did he think it impossible to do it 
cheaply. , 

A hearty vote of thanks having been accorded to Mr 'Curtis for 
the paper he had read, the proceedings terminated. 
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IX 

THE ordinary general meeting of the Chemical and Metallurgical 
Society of South Africa was held on Saturday evening (January 
19th, 1895) in the Board Room of the Chamber of Mines. In the 
absence of Mr VV. Bettel, the chair was occupied by Mr A. F. 
Crosse (Standard Bank), and there were also' present Dr Loevy, 
Messrs J as. Littl~john, R. E. Hall, T. F. Carden, C. Butters, W. 
R. Feldtmann, E. T. Bentley, G. C. Parker, R. A. Alston, T. W. 
Wood, F. Irvine, J. Buchanan (secretary), A. M'Naughton, J. 
Page, A. Wallace, F. W. Allsop, Alex. Mennie, Robt. Dives, F. 
Brarson, and J. R. Williams. 

The Chairman said the first item of business was the discussion 
on Mr Curtis's paper on amalgamation and concentration, read at 
the previous meeting. Unfortunately, Mr Curtis was not present, 
and the discussion on the paper would not be closed that evening. 

Mr Irvine said he would like to ask Mr Curtis one or two ques
tions, and he suggested that the discussion stand over till Mr 
Curtis was present. 

This course was agreed to: 

The Chairman then asked Dr Loevy to read his 

NOTES ON THE ACTION OF ALKALINE SULPHIDES 
IN CYANIDE SOLUTIONS 

Dr Loevy read his paper, which was as follows ;-

vVhen declaring my willingness, about ten days ago, to give at 
this meeting some particulars on the action of alkaline sulphides 
in cyanide solutions, my intention was to lay before you the 
results of experiments regarding this matter, on the basis of which 
I trusted to be able to help in elucidating this somewhat obscure 
question. I am sorry to say that in consequence of the time 
having been too short, I have not been able to finish those experi
ments. For this reason I am not able to-day to throw any light 
upon the matter, but must confine myself to repeating briefly what 
for the greater part will be known to most of you from certain 
publications which have appeared in the Mining Jou1·nal. As you 
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, aware, the matter concerns certain tailings of the Paarl 
~:tral Gold Mining Compa~y,the treatment of which by cyanide 
(f eve rnost unsatisfactory results. The cyanide used contained a 
"artain percentage of alkaline sulphides, and to this fact the 
~:ilure has been attributed. According to instructions received, I 
lade a series of experirnents on the cyanide in question, which 

~ed me to the conclusion that the low percentage of sulphides 
present in the chernicals could not be rnade responsible for those 
unsatisfactory results. The cyanide experimented upon was of the 
followinO' cornposition :-CN, 38 per cent., corresponding with 

" ~ .KCN 95'54 per cent.; K 2S+Na2S, 0'3, per cent. First of 
all I found frorn cornparative experirnents that a solution contain
in; '5 per centulll of the cyanide in question dissolved gold leaf 
ju~t as quickly and completely as a cyanide solution of the same 
strength free from sulphides. I also obtained perfectly normal 
results from extraction experiments effected on tailings of different 
origin. U sing a '2 per centum solution of the cyanide containing 
sulphides I obtained, after two or three days' leaching, from the 
Paarl Central tailings an extraction of from 74'5 to 78'3 per 
centum, whereas from other tailings the extraction was from 72 
to 77'8 per centum. These facts, being the result of twelve 
extraction experiments made upon tailings of different origin, go 
very far to prove, as I think, that a small percentage of alkaline 
sulphides does not interfere with the gold-dissolving power of 
cyanide of potassium. I am, however, of opinion that a higher 
percentage of sulphides alters the situation materially. I may 
here state that the technical authorities consulted by me did' not 
throw any appreciable light on this question, and I think that the 
task of elucidating this rather knotty point would be found valu
able in theory as well as practice. The questions to be solved 
would be :-( 1) Are alkaline sulphides to be regarded as detri
mental to the gold-dissolving power of cyanide of potassium? 
And in what way do they influence those powers, and what" are 
the reactions which take place ~ (2) Which of the compounds 
pl'esent in tailings help to accelerate the injuriol1s effect of alkaline 
sulphides ~ (3) To what maximum may sulphides be present in 
cyanide without interfering with the solving power of same? (4) 
By what means can the injurious effects of the alkaline sulphides 
be neutralized? These questions can, of COl1rse, be solved only by 
means of careful experiments; and I believe I express the opinion 
of all of you when I say that as many members of our society 
as possible should pay attention to the matter in order to enable 
us to have a 'thorough discussion on the question. 

The Chairrnan said Dr Loevy's notes were extremely interesting. 
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lVIr Irvine asked whether Dr Loevy proposed to answer the 
questions himself at the next meeting. 

Dr Loevy replied in the affirmative, but he also invited the 
members to bring whatever information they had on the Rubject. 
It was very useful to hear the opinions of as many as possible. 

The Chairman (Mr Urosse) afterwards read some notes on the 
subject. He said:-

My esteemed colleague, Dr Loevy, has brought some interesting 
facts to your notice this evening on some experiments which he 
has conducted with regard to the action of alkaline sulphides on 
the solution of gold. For the sake of a lively discussion, I should 
like to be able to disagree with him, but my experiments gave 
almost the same results as his. In one experiment I treated some 
tailings containing 3 dwts. 20 grs. fine gold per short ton, and, 
using 300 c.c. water containing 0'3 pet· cent. cyanide, I obtained 71'2 
per cent. of gold in the solution in forty-six hours. I repeated the 
eXl)eriment, adding four drops of sulphide of ammonium, and got 
63'6 per cent. of the gold extracted in the same time. I used some 
of the solution that was being used at the mine from which the 
tailings came, and got an extraction of 65'1 per cent. of fine 
gold under similar conditions. According to Elsner's equation, 
4Ru + tlKey + O2 + 2H20 = 4 KAuCY2 + 4KOH; so that four parts 
of gold only require two of oxygen, and it is very easy to cal
culate out, that the amount of oxygen required to dissolve 6 or 7 
dwts. of gold from a ton of ore is very small, and theoretically we 
should ahvays have an enormous excess, and even the presence of 
a minute quantity of an oxygen-absorbing substance, such as sul
phide of potash, ought to leave enough oxygen for the work" and it 
probably does in most cases. But we can go too far with our 
chemical equations. The first sine qua non of the completion of a 
reaction between two bodies is the intimate mixture, or, I might 
almost say, absolute contact or possibility of contact between the 
various molecules in a given quantity of matter: I obtain this con
tact when I run a solution of permanganate of potash into a solu
tion of ferrous sulphate, and in a hundred different processes known 
to you. Then my equation holds good. Now, when we dissolve 
a solid body in minute specks, scattering it about in a mass of sand, 
and by means of a solution very slowly percolating straight through 
it, I maintain that it is not sufficient to have just about enough 
oxygen, as a very large proportion of the liquid probably never gets 
an opportunity of giving up its oxygen, and I have proved again 
and again, by experiments on tailings, concentrates, and thin sheet 
gold, that an excess of oxygen has an extraordinarily favourable 
influence'in hastening the solution of the gold. I have tried it 
with. air or oxygen passing through in the form of bubbles, also by 
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Notes on tke Action of Alkaline Sulphides 89 

allowing a solution containing an excess of oxygen to percolate 
through the tailings, &c. Now, I mentioned all this in order to 
prove that, though Dr Loevy's experiments, and also my own, 
showed that by making up a fresh solution of cyanide containing a 
trace of alkaline sulphides, and treating a porous mass of tailings 
with it, under, I might say, very favourable conditions, we got high 
extractions. But is it not possible that on a large scale, when the 
oxygen-absorbing body is added to a solution already more or less 
deprived of its oxygen, having passed the zinc boxe8, the effect of 
the sulphides may be greater than in the conditions mentioned 1 
I do not think that the tailings in the vats collected by direct 
treatment are quite in as favourable a condition for these de
oxygenated solutions, as for instance the tailings would be if they 
had been dumped in from a truck. I do not want to sa.y any more 
on the subject now; I only want to observe that a quantity of 
oxygen, as represented by the equation mentioned, would not suffice 
in practical working. Oxygen is being taken up in several ways 
which we do not sufficiently appreciate, and not only by the gold. 
The conclusion I am forced to arrive at is that alkaline sulphides 
are not injurious when present only in very small qU:1l1tities, if 
proper regard is had in the use of the cyanide solutions to the 
aeration of the solution; but a small quantity of such sulphides 
may be injurious under conditions unfavourable to aeration of the 
cyanide solutions. It is for the practical cyanide manager to note 
every condition which effects the solution of the gold, and in time 
we shall arrive at a more definite knowledge of the subject. Dis
cussion can do no harm, even rather indefinite as my remarks have 
possibly been. 

M!" Irvine asked whether Dr Loevy's and :NIr Crosse's experiments 
were made on the same solution. 

The chairman replied that he made different experiments. One 
series of experiments he made with a solution from the mine, and 
then one with a solution he made up from the cyanide he obtained 
from the mine. 

:NIr Irvine-Did you make your experiments' with the same 
cyanide as Dr Loevy used ~ 

The Chairman-No, not the same. 
Mr Butters-This has reference to the Paarl Central? 
The Chairman-Yes. 
:NIr Butters asked )vhether they leached continuously or inter

mittently. 
Mr Irvine said the solutions were used intermittently, in the 

usual way. The solution was charged in the tank, and was allowed, 
as far as calculation could allow, to go down 4 or 5 ft. before 
another surface was put bn, and it was their opinion that by that 
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means air was drawn down into the charge, following the charge 
previously gone down. The air was either forced down to the 
bottom of the tank, or it bubbled up to the top of the tank, and 
oxidised the solution in that way. ' 

Mr Williams said his opinion was that a better oxidising was 
obtained by the direct filling charge than by the other. He com
pared the method at the Langlaagte Estate with that at. the" Crown 
Reef, and said that in direct filled tanks the bubbling which went 
on was noticeable for two or three hours after the solution was put 
In. 

M"r Butters said it depended' a great deal on the pump. Sup
posing the first charge had gone down, then the conditions were al
most similar after the tank had settled." Take it 9 ft. tank that 
was charged 26 cubic feet to the ton. If it was fairly level it 
would go down about 9 inches-that was one-twelfth, which wonld 
bring it down to 23i. So that it would be in the condition of 23i 
cubic feet to the ton, and the other 21 to the ton, so that the two 
were not exactly similar. 

The Chairman asked Mr Williams what was his opinion on the 
alkaline sulphides having a different effect on the solution after, 
passing through the zinc boxes? 

:M r Williams replied that up to the present he had not found 
that alkaline sulphides had such an injurious effect, not even in the 
tailings tank. There was some alkaline sulphide in the McArthur
Forrest cyanide, but he had no difficulty in getting a '75 per cent. 
extraction ou t of the tailings. Up to the present he had not had 
an insta,ncc where the small amount of alkaline sulphide present 
in the cyanide affected the extraction of gold. 

:Mr Irvine said it was found that in works where the sump 
capacity was not so great as at the Crown Reef, and the solutions 
had to be run through oftener, the difficulties of extraction were 
greater than where the sump capacity was large. They would ex
pect that where solutions were handled often, the chances of their 
being oxidised were greater than where they were hAndled less 
often, and yet his experience was that the difficulties of extraction 
were greater where the sump capacity was large. 

Mr Butters said that at the Metropolitan, before they commenced 
to size the material from the battery, they always got out of 5 dwts., 
3 dwts. residue. It did not seem to make any difference how long 
they treated the stuff, they still got 3 dwts. residue. That went 
on for a couple of weeks or ten days, when they got sizing apparatus 
started. They made three different sizes, and they got that 3 dwts. 
residue with the different sizes down to about! dwt. and 18 grs. 
It was the most astonishing thing he ever saw. If they got a com
pact mass like a macad!llnised road it would not leach at all, but if 
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they sized the material there would be more chance of its being 
oxidised. He thought they had not yet realised how much influ
ence sizing was going to have. It waR Mr Williams who gave him 
the idea of air between the interstices, and he must give Mr 
Williams the credit for opening up a new vista in leaching to him. 
He was becoming more and more impressed with the belief that in 
a few months there would be a different sort of works entirely for 
cyaniding. 

Mr Williams said the idea was not quite new, because, in a re
port submitted to the Chamber of Mines a year ago, it was very 
forcibly brought out. At the time he did 1I0t know how the thing 
was going to succeed, but it was now an accomplished fact at more 
than one place. 

Mr Irvine said he had been told lately about this alkaline sul
phide question, and that a cyanide solution of great strength 
would dissolve gold leaf in very much less time than the same 
cyanide after it had come through the zinc boxes. 

:J\'lr Butters said it was then more of a mixture, and naturally 
could not act so quickly. 

Mr Irvine said it was owing to the presence of something which 
was not in the original solution, whatever that something might be. 

Mr Feldmann said that about a year ago Ml' McArthur made 
application for a patent for overcoming the difficulty which he saw 
might arise in having alkaline sulphides in solution. The patent 
was messed up in translation. (Laughter.) The word sulphates 
was substituted for sulphides. The mistake was corrected, but the 
application was subsequently withdrawn. Mr McArthur did not 
want to have the patent apparently. 

Dr Loevy-He did not attach so much importance to it. 
Mr Feldmann-No. He did not consider the matter was going 

to give any great difficulty. He found that in treating concentrates 
his remedy was more required and more efficaciouR than in the 
treatment of tailings only. 

Mr Buchanan said he was making experiments, and promised to 
lay the results before the Society at a later date. 

The discussion was adjourned till next meeting of the Society. 
')n the motion of Mr Williams, seconded by Mr Butters, it was 

resolved to re-open the discussion on dry crushing at next meeting. 
The meeting afterwards terminated. 
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x 

THE ordinary monthly meeting of the Chemical and Metallurgical 
Society of South Africa was held on Saturday evening, February 
16th, 1895, in the J?oard Room of the Chamber of Mines. nil' W. 
Bettel presided, and the others present included Messrs A. F. 
Crosse, J. S. Curtis, J. Buchanan (secretary), E. B. G. Knox, 
Pearce, Hoffmann, and J. M. Crabbe. 

DISCUSSION ON DRY CRUSHING 

The Chairman said :-The first business. before the meet.ing is a 
dis'cussion' on dry crushing. After passing in review all the opinions 
for and against dry crushing, I am forced to tlie opinion that the 
balance of evidence is not in favour of dry crushing. The only 
favourable circumstance cited is that the material is put into vats 
dry and ready. for treatment by cyanide. Those who have leached 
dry crushed material, as I have, know how difficult it is to pl"event 
packing and subsequent indifterent leaching. An assertion has also 
been made that in dry crushing no basic salts are formed. Granted 
that so long as the ore is dry the oxidation is slight, but when the 
ore is air dried oxidation takes place with great rapidity. Since 
Mi- Crosse's paper was written, I made some ·experiments with dry 
crushed ore, and found that a sample of air-dried pyritic ore crushed 
through a 900 mesh screen, and kept in dry buckets for four day's, 
had oxidised to such an extent that 7 .1bs. of cyanide were con
sumed per ton (not usin'g soda or lime) in lixiviating with a 0'2 per 
cent. solution. Tailings from similar ore exposed for the same time 
(appt'oximately) in dams consumed not more than 2 Ibs. cyanide 
per ton under the same conditions of extraction, the reason being 
they were more or less protected from oxidation by water. In fact, 
the oxidation of the pyrites goes on, slowly, it is true, during the 
whole of the time the cyanide solution contains oxygen. So I fail 
to see where any advantage is to be derived from dry over wet 
crushing. As to the advantage to be gained by non-formation of 
slimes, I say, in reply, that on the large scale slimes al'e formed 
and will be formed by dryas well as by wet crushing, but so far 
from the slime question being a difficulty, the greatest difficulty 1 
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find about the slime problem is to induce mine owners to sell their 

slimes. . 
A.s for Mr Suckling's process, I fall to see the novelty or useful-
~ of the method. The use of a blast (pressure) instead of a 

ness . ). . d ' d 
I l',ht of air (suctIOn IS, to my mm ,a retrogra e movement, and 
cral", . d' . 

bsurd from its mamfest con ItlOns. 
a In connection with the subject of dry crushing, it has been. said 
b the editor of a local weekly so-called technical paper (Min. 
lou1'nal, Dec. 22, 1894)-that (in effect) 1 had no authority to 
speak about matters metalhlur~ical, and had better, in future, confine 
my attention to matters c emlCal. 

I think that editor must have been" spoofed," but as his remarks 
were so pointed, I may be pardoned from pointing out that my 
practical experience of metallurgy dated from 1869, and that since 
that time I have had experience in the metallurgy of iron, steel, 
manaanese, copper, lead, zinc, gold, silver, and platinum metals; 
and from 1882 to the present time have had practical control of 
processes including all forms of dry crushing, and my expe1'ience has 
led me to prefer wet to dry crushing wherever practicable. 

To descend to details. In the dry crushing of basic slag, as prac
tised in Germany and Middlesborough (my native town), the dust 
had such a deleterious effect upon the workmen, giving them stone
masons' asthma in a severe form, that measures were adopted (in 
Germany), by pressure from the Government, to compel the slag
manure manufacturers to adopt a most complicated system of dust 
collection, consisting of dust exhaust fans, " cyclone" dust collectors, 
and a complete system of spraying the outgoing gases with water, 
atomized by steam jets. A complete description appeared in The 
En,qinee1' ahout three years ago. 

In "sweep" smelting operations, as practised at the Sheffield 
Smelting Co. and Lees & Sanders of Birmingham, dry crushing is 
of necessity adopted. Although every precaution is adopted to 
prevent escape of dust, the dust on the highest parts of the build
ings contains a considerable proportion of precious metal. 

At the New Morfa Copper and Silver Smelting Works, Landore, 
Swansea (Messes Williams, Foster &; Co., Ltd.), where I was 
technical manager, I had some considerable experience of crushing, 
coarse and fine, by Cornish rolls. The result of fine crushing did 
not impress me very favourably, notwithstanding that wet crushing 
was impracticable in this case. The effect of the dust on workmen, 
in all methods of dry crushing, is too 'serious to let the matter pass 
without a warning. 

'What Sheffielder does not remembel' the opposition to the intro
duction of exhaust fans to the grindstones, made by the Sheffield 
" grinders" themselves, on the ground that it wo~tld tend to J)1'olong 
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their lives and. bring the price of laboWi' down, as a, natural conse
quence. 

The next business on the agenda paper I find to be a discussion 
on Mr Curtis's paper. I hope all members, who have any special 
information on the subject, will give us the benefit of their experience. 

This subject, I am convinced, is one which will repay investiga
tion. Amalgamation we may take to be one of the oldest of 
metallurgical processes, yet how little is known of it from a strictly 
scientific point of view. We know that the coarser the gold the 
richer the amalgam, and vice ve?·sd. Has it ever been ascertained, 
except in a few isolated instances, to what extent the mercury 
combines chemically with the gold, and in ordinary amalgam what 
is the percentage of gold ~ We know that finely divided gold is 
not readily amalgamated. Why ~ Some years ago Mr Skey, the 
Government Analyst for New Zealand, made the discovery that 
films of sulphide of gold, on the surface of metallic gold, prevented 
amalgamation. These films might be produced by immersing gold 
in stagriant rain water containing a trace of sulphuretted hydrogen. 
Might it not be possible that in the trituration of sulphllretted 
Dres a certain proportion of sulphuretted hydrogen would be evolved 
which would cause a certain proportion of the gold to resist 
amalgamation unless some chemical were introduced which would 
render the sulphur harmless. 

Again, amalgamation takes place in a perceptible space of time. 
We force om batteries to their utmost extent by increasing the 
weight of the stamps the height of the drop, the revolutions of the 
cam shaft to the limit imposed by the laws of gravity without, 
at the same time widening the "aprons" (or amalgamated plates 
outside the battery) proportionately to catch the gold and amalgam 
which cannot be retained inside the battery. Are we giving 
.amalgamation-the cheapest and best of all gold saving processes
a "fair show'" on the Rand ~ My opinion is, that we are not, and, 
further, that we will not, until the scientific nature of solution of 
metals in mercury is more fully elucidated, and the physical 
peculiarities of the operation called amalgamation are most 
thoroughly investigated. We may then hope to be nearer the 
coveted, bnt always" theoretical," extraction of 1 00 per cent. 

Any information bearing on this most important matter will 
always be welcome, and I am sure we are all of the opinion that 
Mr Ourtis's paper: has been well timed, and the valuable hints 
therein contained will certainly not be lost upon the members of 

,this Society. He hoped that all members or visitors who had any 
.special information, and who would like to speak, would give the 
meeting the benefit of their experience. He invited Mr Pearce to 
.say something. 
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Mr Pearce said he had no particular point to dispute or confute. 
A short time ago, when in England, he investigated a little into 
the dry crushing business in connection with one particular mill, 
which he contemplated getting out here if he could come to terms 
with the pat'entee. He considered this mill a success as far as dry 
crushing was concerned with banket ore. One mill would do about 
equal to a 5-stamp battery as far as his tests went. The motive 
power was less, and the cost was certainly not more. There was 
practically no dust. '.j'he product was carried into the stoeage bin 
-the bin being as high as requisite for running into any given 
number of tanks, and in the bin the ore was sized by means of the 
spitzkasten into two or three different sizes, and more or less con
centrated in the first compartment. Carried out in that way, the 
thing was a success. Before that was done, his objection had been 
that the coarse gold could not be dissolved by the cyanide unless 
the ore was sized, but by this method the coarse gold went with 
t,he coarse sand, and could be treated. He thought that by that 
means a good result would be obtained. He tested the engine 
power required to drive the mill, and it appeared to him, if any
thing, less than the power required for stamps to treat the same 
quantity of ore. His idea of the saving by means of dry crushing 
was that there was, first, a saving in the pumping.of water. On a 
10-stamp battery he calculated that there would be a saving of 6d. 
per ton on water. In the next place, with regard to settling pits and 
handling, he calculated that a further 6d. per ton would be saved, 
and on amalgamating he estimated a further saving of Is.-total 
saving, 2s. When dealing with, say, 10 dwts. ore, he calculated 
that the extraction by means of dry crushing would be higher by 
I! dwts., or a total of, say, 8! dwts. per ton, leaving a loss of only 
It dwts. This would mean 6s. per ton of fine gold, so that the 
total saving he worked out at 8s. per ton, which he took it was 
very considerable on low-grade ore. Mr Pearce said he had nothing 
-to prove those figures, because he had not worked dry crushing on 
a large scale. He saw the process at home, and he was sure it 
would be possible to work it here if the ore was broken. He was 
convinced that if he could come to terms with the patentee at 
home, he should be able to erect a mill here and give the process a 
good chance. 

The Chairman-Can you give us any details of the kind of 
machine you saw ~ 

Mr Pearce-It was something after the 'style of the Krom roll. 
There was a disc inside a case-hardened cylinder. The cylinder 
was lined inside with steel grinders, which could be removed when 
worn. The speed of the disc was about five turns for one of the 
cylinder. The man who showed me the machine, and made three 
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or four tests for me, said he calculated the ma,chine should crush 
stuff to pass through an inch ring. 

The Chairman-How much matel"ial did you see put through ~ 
Mr Pearce-I put stuff through three times, bnt the one time in 

particular that I tested the machine I put through just a few cwts. 
I tested the time the machine took to crush it, and calculated that 
it would crush about equal to a 5-stamp battel"y. 

The Chail"man-Our experience has been that all these dry
crushing machines work very well for a certain time, but when 
brought to the rough tests of practical working it' has been our 
experience that they do not stand the continual wear and tear. 

Mr Pearce said he was infol"med that the machine had been work
ing continuously for eight months, and there was practically nothing 
injured. If he had been convinced that the machine was a lasting 
machine, and there was no possibility of any fiaw, he should have 
paid the man cash down for the machine. He was not prepared to 
do tha,t until he knew something about the machine; but he was 
quite prepared now to be at the expense of erecting a machine here 
and working it. The machine would do roughly 12 tons a day. 

The Chairman remarked that it was a pity the manufacturers of 
the machines did not try to get an experiment on an extended 
scale, so that they could see what the different machines would do. 
The Chairman afterwards said that as Mr Williams, of the Crown 
Reef, was not present, and he had something to say on the matter, 
it would be better to adjourn the discussion till next meeting. He 
believed Mr Williams had important figures or notes to give. He 
thought they would all like to hear Mr Williams' opinions, especi
alJy as it was he who proposed that they should re;open the discus
sion. 

Mr Crabbe asked whether, in the face of the royalty charged by 
the African Gold Recovery Company, dry crushing was a practi
cable proposition? He would like to mention one or two rough 
experiments he had made with the decomposition of cyanide on ore 
taken from the lower levels of the New Comet mine. It contained 
]JUre sulphides, but no sulphates. He treated this stuff with '06 
solution, and let it remain for about four hours, and shaking it well 
before filtering it, he found the decomposition only about '02. If 
it were possible to carry it out on a large scale, why not start dry 
crushing, and use a weak solution in the mOl"tar boxes ~ Of course 
they conld only work this process in the deep level mines, and 
mines that had no oxidised ore. This solution would be in contact 
with the whole. of the ore for a few hours, and he would propose to 
start it in much the same way as Mr Bettel proposed to do in the 
patent he had applied for, and afterwards treat the stuff in the 
same way. They would get all the fioat gold dissolved, and they 
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Discussion on Dry Crush£ng 97 

need not put the stuff through the zinc boxes every time it went 
through the mortar boxes. 

The Chairman said there was one disadvantage he saw, and that 
was they would need to have ten tons of solution to the ton of ore, 
and they would then have about fifty parts of solution to one part 
of slimes roughly. The slimes, after a time, would' be going off too 
rich. 

Mr Crosse remarked that iron itself had a very injurious effect. 
If they had a solution passing, as was proposed by Mr Crabbe, then 
the iron would be dissolved and would have an injurious effect. 

Mr Crabbe--Do you think so ~ 
Mr Crosse-I do not think so; I know it. 
It was then agreed to adjourn the discussion on this subject, as 

also on amalgamation and concentration, and the meeting afterwards 
separated. 

G 
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XI 

THE usual monthly meeting of the Chemical and Metallurgical 
Society of South Africa was held in the Council Room of the 
Chamber of Mines on Saturday evening, April 20th, 1895, for the 
purpose of hearing a paper read by Mr A. F. Orosse on "The 
Treatment of l'yritous Concentrates by Cyanide." Mr W. Bettel, 
the President of the Society, who had unfortunately injured his leg 
by being thrown out of a cab, was tillable to attend, and Mr J. 
Buchanan was voted to the chair. There was a good attendance, 
including Dr Loevy, Messrs A. F. Crosse, G. A. Darling, F. B. 
Stephens, E. H. Johnson, A. M'Naughton, C. F. Tainton, John 
Pearce, T. Wood, L. Ludlow, E. B. J. Knox, W. R. Feldtmann, C. 
Butters, A. von Gernet, Betty, H. Livingstone Sulman, and S. H. 
Pearce, Acting-Secretary. 

Mr Crosse read the following notes on 

THE TREATMENT OF PYRITOUS CONCENTRATES 
BY CYANIDE 

In bringing this subject before you this evening, I have nothing 
that is particularly new or startling to state, but I consider that it 
is the chief business of this Society to bring forward the various 
processes used on these fields, and have them thoroughly discussed, 
and by so doing we can give everyone an opportunity of seeing where 
we are, and of knowing what has been done and what remains to 
be done, and prevent men from wasting their time and energy in 
repeating what has already been worked out. I do not claim to 
have had more experience in treating concentrates, or even as much 
as some of you present this evening; however, I have long taken 
a great interest in the question, and the results of some of my ex
periments may prove interesting to yon, and serve to raise discus
sions which will be still more so. Before starting the Ruqject I 
must remark that roy experiments have been confined chiefly to the 
treatment of concentrates won by frue vanners, and that this class 
of material is generally in a very unfavourable state to treat by 
cyanide. I do not myself believe that frue vanners, or any other 
form of close concentration, is advisable, but as it is still carried 
out here, I will give you my ideas on the treatment of such con-

98 
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Treatment of Pyritous Concentrates by Cyanide 99 

centrates by cyanide. Amongst those not t.horoughly conversant 
with the cyanide process, the idea is prevalent that if the free acid 
can be neutralised, then the chief source of the decomposition of the 
cyanide is removed. Such, however, is not the case. I made a 
series of experiments on a ton of concentrates that I bought from 
the New Chimes Gold Mining Company, Limited. The concen
trates contained 7 oz. 3 dwts. fine gold per short ton, and when 
washed with water, the wash water contained no iron or free acid, 
yet they decomposed a large amount of cyanide owing to the presence 
of an insoluble basic ferric sulphate. I treated 1000 grms. with 
dilute hydric chloride for two days, 1 acid to 10 water, and after 
washing I obtained in the solution 2'62 grms. of iron as ferrous 
chloride, and 2' 33 grms. as ferric chloride. There was also 2' 31 
grmi? SOa in the solution, and a trace of copper. This iron, taken 
up by the weak hydric chloride, had been in the state of basic ferric 
sulphate, and though not soluble in water, it is acted on by a weak 
cyanide solution, giving rise to complicated reactions. Ferrous 
sulphate and cyanide ofpotassillm form, in the first instance, ferro
cyanide of potassium, but if any free 'acid be present this ferro
cyanide is converted into Prussian blue if ferrotioferric salts are 
pre~ent. Ferric sulphate, like ferric chloride, is decomposed by 
cyanide of potassium into hydric cyanide and ferric hydrate. 
Knowing the reason for the undue decomposition of cyanide by 
material containing partially oxidised pyrites, the remedy would at 
'once occur to anyone, namely, treatment with some cheap acid such 
as hydric sulphate or hydric chloride. I tried experiments with 
both, which were equally successful, and I will give you the result 
of one of them. I started two experiments, side by side, under 
identically similar conditions, except that in Experiment No. 1 the 
concentrates had been digested in weak hydric chloride and well 
washed. In experiment No.2, the concentrates were treated in the 
natural state. In both cases I used 2 grms. of cyanide of potassium 
diluted. After six days' treatment.-

No.1 gave a decomposition of cyanide equal to 0.66 grms. 
No.2 gave a decomposition of cyanide equal to 2'84 gl'ms. 

01' 4'3 times as much. 

I had to add more cyanide to Experiment No.2, when the 2 grms. 
first added were decomposed. No.1 had yielded up 84'3 per cent. of 
its gold,and No.2 only 51'8per cent. Months after having made these 
experiments, I heard that Mr W. Bettel obtained very similar results 
at the Robinson Gold Mining Company; but, at the time, I had 
no notion that he was experimenting on the same lines as myself. 
I have also made a series of experiments with hyposulphite of soda, 
as basic ferric sulphate is converted into soluble ferrous sulphate 
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by this salt, bu.t these experiments ~ will ~ot ente.r into, as they 
were only partIally successfuL I tned an mterestmg experiment 
on some concentrates from the Jumpers Gold Mining Company 
last November. These concentrates contained about three ounce~ 
of gold per ton, and about 60 per cent. bisulphide of iron (pyrites) 
and some basic ferric sulphates. After treating with acid and 
washing well, I proceeded as follows :-1000 grms. were taken. 
I leached with 1000 C.c. 0'3 per cent. solution of cyanide, and I 
arranged it in such a way that the filtrate dropped into a Wolff's 
bottle full of oxygen, which was forced by the filtrate bubble by 
bubble through the cyanide solution. After passing the soitltion 
through three or four times a day for six days, I had an extraction 
of 93'5 per cent. of the gold, and had used only 0'5 grms. of cyanide, 
or about one pound per ton. I bring these experiments before you 
to show that in my opinion the cyanide is capable of much extension, 
and r consider that ores and products now considered imposnible to 
treat advantageously will be successfully treated in time. Any 
method leaving ferrous or even ferric hydrate in a freshly precipi
tated form in the concentrates would not answer, . as cyanide of 
potassium takes up these hydrates to form ferro- or ferri-potassic 
cyanide. There is an interesting fact in connection with ferric 
hydrate if you subject it to a temperature of 121 deg. C. for some 
time in water under pressure of one atmosphere you dehydrate it 
to a certain extent, and then it has no action on cyanide of potas
sium. I tried variollS experiments to utilise this fact, but they' 
failed as I still had the ferrous hydrate to think of, but this effect 
of heat led me to tryillg the effect of heating the concentrates to a 
still higher temperature, and after various experiments I was very 
successful, as I converted the insoluble basic ferric salts into soluble 
ferrous salts and ferric oxide, by merely heating the concentrates 
till sulphurous acid was given off. The best method of treatment 
is the following :-The concentrates are to be treated on an iron 
plate or some other suitable arrangement to a temperature just 
below dull red heat. After cooling they are put in a vat, and 
thoroughly well washed with water. I consider it advisable to add 
a little hydric sulphate to the first two or three washes, to prevent 
any insoluble basic ferric sulphate being formed into the tank from 
the strong solution of ferrous sulphate. The washing must be con
tinued till no iron is found by testing the wash water with potassic 
ferri-cyanide. Then give a wash with lime water. The subsequent 
treatment with cyanide can be carried out in the usual way, though 
it is advisable to have the solution slowly percolating all the time. 
r may state that concentrates treated in this way leach very easily, 
and that r got about 88 per cent. of the gold dissolved in fourteen 
days. Of course the question arises, which method would be 
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dvisable for a mine to adopt ~ Would it pay better to sell three 
a unce concentrates to a chlorination work or to treat them at the 
:ines on the plans I have described ~ I have not the slightest 
hesitation in saying that for three or four ounce concentrates, the 
cyanide proce.ss would pay much the bett~r of. the two; though the 
extraction mIght be rather less, the savmg III cost of treatment 
and cartage would be very great. Having given my ideas on the 
cyanide treatment of concentrates obtained by close concentration, 
I am enabled by the kindness of my friend, 1\11' J. R. Williams, to 
O"ive the results of five months' treatment of concentl"ates obtained 
by using spitzkasten. The concentrates from frue vanners cost 
frOlll 17s. to 30s. a ton to win, whereas the concentrates obtained 
hy spitzkasten cost under Is. a ton. These latter concentrates are 
very easy to cyanide, as they leach very well, and have had no 
chance to oxidise, and therefore decompose very little cyanide. 
Details of results of cyaniding concentrates at the Crown Reef 
Gold Mining Co., Ltd. :-

1894 
October 
November. 
December 

1895 
January 
February 

Assay 
Value. 

23 dwts. 
18'27 

" 17'00 
" 

15'25 
" 13'i5 
" 

Theoretical 
Extraction. 

90'21 p.c. 
89'76 

" 91'17 
" 

91'80 
" 89'09 
" 

Actual 
Extraction. 

73'14 
84'92 
91'13 

91'67 
87'86 

Cost. 

.s. d • 
8 11 
8 0'7 
8 0'3 

7 3'3 
7 11'88 

Time, thirteen days' treatment, and about 1'25 pound of cyanide 
waH used per ton of concentrates treated. If we compare these results 
with results obtained by close concentration with frue vanners and 
similiar appliances and subsequent return by selling such concen
trates to chlorination works, I do not think that any unbiassed 
person would hesitate in choosing between the two methods. There 
is only just one little question of doubt, which, as time goes on, we 
shall have to encounter-will the ores from a greater depth than 
those we are now working give the same results with cyanide ~ 
(Applause.) 

Mr Feldtmann said :-In offering a modest contribution to the 
controversy on "dry crushing" of ores and direct treatment of 
same by the cyanide process, I should preface my remarks by stating 
that as regards dry crushing proper (i.e. fine dry crushing), I have 
no new suggestions to offer-no criticism on previous discussions 
to bring forward. My observations are rather intended to have a 
bearing on the George and May treatment, and are intended to act 
as a wholesome cooler to those enthusiasts who, hearing of the 
success of direct treatment at the George and May, are inclined to 
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exclaim, "There! the crux is solved; dry crushing is an accom
plished fact." In the first place, I should point out that the 
George and May treatment is not dry crushing-not, at least, as 
we have generally understood it in the discussions at meetinas of 
this Society. In our discussions on dry crushing, I take it~ we 
have always referred to the pulverising of ores in which the gold
bearing portions are assumed to be at least as hard as the barren 
portions, and which ores, consequently, it would be necessary to 
crush in toto. Now, at the George and May the ore treated by 
the direct method may be described as follows :-It consists of a 
proportion of practically barren quartz pebbles cemented together 
by an exceptionally friable matrix which contains the bulk of t,he 
gold. So exceptionally friable is the cementing matrix, for even a 
free-milling banket, that in the mere mining of the reef one-half of 
the ore, I may venture to say, resolves itself into sand and pebbles. 
For the other half a mere rub in a Gates' crusher suffices to reduce 
it to the same condition. It is obvious that successful treatment 
of material of such a nature is absolutely no criterion of what it 
mayor may not be possible to do to win the harder banket of the 
deeper levels. To cite George and Mayas an example of the 
succe!lS of dry crushing and direct treatment as so many people
laymen, chiefly, I will acknowledge-have been doing of late, is a 
palpable fallacy. Now, just as much as it is necessary to point 
out that the coarse crushing and direct treatment at George and 
May do not bring us any nearer dry crushing proper, there is also 
need that we shoulcl endeavour to moderate the somewhat exagger
ated enthusiasm prevailing for direct treatment 3.'1 a panacea for all 
poverty-stricken properties possessing a bit of free-milling reef. It 
is necessary, to prevent bitter disappointment in the future, that it 
should now be understood that there are several conditions essential 
before a reef can be successfully worked after the style of the 
George and May, which, as already pointed out, is more a rough 
disintegration of already almost pulverulent material than dry 
crushing as generally understood. The ore must be free-milling 
and exceedingly friable. Further, it mnst be comparatively free 
from basic salts of iron; and such an immunity is, let me tell you, 
probably somewhat rarer than we might imagine. I have tested a 
sample of apparently thoroughly oxidised free-milling, and toler
ably friable banket. This sample, after as thorough a water-wash 
as would be possible to give it in a tank, chewed up 1 ~ Ibs. of 
caustic soda to the ton of ore, demoli~hed 3 Ibs. of cyanide, and 
then, after five days' treatment with a 0·3 per cent. solution, gave 
a very meagre extraction of only about 40 per cent. Even given a 
perfectly free-milling friablll ore, free from basic iron salts, the chances 
arll that the gold, either from its coarseness or from other cause, is 
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t in such a physical condition as to be readily amenable to 
no nide treatment. Take it all round, it is not too much to say 
~r\ for one free-milling banket suitable for direct treatment in a 

:rse-«round state ten appal·ently similar lots will be found quite 
~~suit:d. It would be well, therefore, if those intending to avail 
themselveR of the direct method would carefully consider the con
litions and experiment upon their reefs bp,fore going to the expense 
(f erecting plants. The advantages of the coarse-crushing and 
~irect treatment method over the ordinary routine of wet crushing 
in a stamp-mill and subsequent cyaniding of tailings are fairly 
obvious, and may be summarised as follows :----:-(1) Economy in first 
cost. In place of a costly stamp battery, a Gates' crusher or two, 
and a few revolving screens or grizzlies, prepare the ore for treat
ment in the cyanide plant. (2) Economy in work, viz., one hand
ling, and at least three-quarters of the cost of milling all done 
away with. (3) The immediate saving of such gold as.in wet 
milling goes into the slimes, and is either lost or only recovered by 
a llpecial process. This is, I fancy, the chief feature and advantage 
which George and M.ay would have in common with the much-dis
cussed dry crushing. Against these advantages we have to place a 
«reater 01' less deterioration in extraction by rough crushing, as 
it would be too much to hope that the 70 per cent. extraction 
obtained at the George and May will be attained everywhere that 
rough crushing is introduced. In concluding, I should like to 
compliment Mr Freeman and the other gentlemen with him at the 
George and May on their enterprising spirit in striking out in a 
new direction, and so well adapting the cyanide process to the con
ditions obtaining with them. Notwithstanding my somewhat 
pessimistic remarks, I trust that beneficent Nature has provided 
a good few of our poor, but honest, gold companies with large 
free-milling reefs amenable to George and May treatment. 

It was resolved to postpone discussion on the paper until the 
next meeting of the Society. 

The Chairman, on behalf of those present, said they were very 
much indebted to Mr Crosse for his valuable paper, and he felt 
sure that at the next meeting they would have a large attendance 
of those who were fighting the battle of chlorination versus cyanide. 
(Applause. ) 

DRY CRUSHING 

Discussion on the paper read before the Society by Mr Crosse some 
months ago on the " Dry Crushing of Ores" was then continued. 

Mr Crosse remarked that he had stated at various times very 
nearly all his opinions on the subject of- dry crushing. But there 
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was one remark he would like to make. When he first read his 
paper dry crushing was merely an academical question which had 
not been treated practically. Since then the George and May had 
succeeded in crushing their stuff in a crusher at a cost of 3d. per 
ton, after ~hich it was put into the vats and 4 dwts. of gold ex
tracted from a 5 d~t. free milling reef. He had that day made 
an assay, a fair average assay, of the residues, and he only found 
1 dwt. of gold in them, which he thought was a fact in favour of 
dry crushing. 

Mr E. B. J. Knox then gave some details of dry crushing ex
periments which had yielded nearly an average of 95 per cent. gold 
extraction, after which 

Mr C. Butters made some remarks. He said he was at the 
Crown Reef on Friday, where Mr Webber showed him a long list 
of figures he was compiling, which gave the total gold extraction 
from the ore, that was, the percentage of gold extracted by all the 
processes. It was the first compilation of the kind he had seen, 
and as all details were given, it was very valuable. He did not 
know whether he was giving away secrets or not, but he might say 
that the Crown Reef gold extraction from all sources was between 
80 and 85 per cent. (a voice-" 84 per cent."), which was a very 
high extraction f01' all the combined processes, when they took into 
account the loss in slimes. About three years ago the Robinson 
Company prepared a statement, in which they figured out that they 
were getting 95 per cent. of gold from the ore. That statement 
gave so much from the mill, so much from chlorination, and so 
much from cyaniding, but the tonnage was not given, and, there
fore, the average was not a fair one. For instance, in the Robin
son statement, to which he had referred, the slimes were not cal
culated, whereas in the Crown Reef compilation everything was 
included. So far, he did not think that there had been any diffi
culty in extracting 80 per cent. by direct methods. He did not 
think there would be any difficulty at the present time in showing 
nearly as high results from direct treatment as from the best mill 
work. 

Mr S. H. Pearce said the 
on the grade of ore crushed. 
higher than the Crown Reef. 

extraction would depend a great deal 
The Robinson, for instance, would be 

Mr Butters replied that it would not be fair to compare the 
Robinson and Crown Reef, as the Robinson 'extracted an average of 
73 per cent. in the battery. 

Mr John ,Pearce remarked that while he'was lessee of the Idora 
property he kept a tally practically of twelve months' work there
of the tonnage and the average value. The ore, before it was sent 
to the mill, was assayed in the dump. The ore averaged as near as 
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Dry Crushing 105 

could be 13 dwts., and his total extract,ion was 11 t dwts. for the 
whole time. The slimes, which were about 30 per cent. of the whole, 
were conserved and treated subsequently. 

Mr Butters remarked, with regard to the treatment of slimes, 
that in the course of conversation with Mr Buchanan, the Chair
man, the other day, he (1\'Ir B1lchanan) told him that he thought 
about mixing his slimes ,with sand. That was a very natural 
thought, as there was no fear of falling short of sand for mixing 
with the slimes, and for a long time he (Mr Butters) thought it 
would be a very useful way of treating slimes. In order to give it 
a trial he got out a disintegrator from Germany and erected a plant 
capable of giving him a perfectly smooth product by mixing a certain 
amount of sand and slime together. The pulp was worked as smooth 
as velvet, and it took about 40 h.-p. to run the disintegrator to get 
through 200 tons a day. The mechanical portion of the work was 
all· right, but he was very much disappointed with the extraction. 
He carried on the experiments for some months, but he found that 
with the increasing addition of sand his percentage of gold dropped, 
the percentage being only 62 per cent. The experiment was 
not successful, and it cost the Rand Central Ore Reduction Com
pany a lot 'of money. He tried the slimes in various ways, but the 
disintegrator would not work if the slimes were very wet. At the 
same time as he tried the disintegrator, he set up a washing machine 
for the sand, and by. that means 82 per cent. of gold was extracted. 
Eventually, however, both the disintegrator and the washing 
l1lachine were abandoned, as they were not payable. There
fore he did not think the idea of mixing sand and slimes a good 
one. 

The Chairman expressed his regret at the absence of 1\'11' 
Williams, who, he said, had some rather interesting experiences of 
his own in connection with dry crushing in Namaqualand to relate. 
He had had four years' experience of dry crushing, and the result 
of his rather painful experience was opposed to the practicability of 
the scheme. If they wanted a large output together with an 
easily leached material, they must invent a machine for the pur
pose very different to any that had yet been brought out. He 
thought they were all pretty well agreed that the treatment of ore 
by dry crushing could not be a success. The only thing that 
remained to make dry crushing a success was for some member of a 
sister society of Engineers and Architects to perfect a machine for 
the purpose. 

Mr Butters-You don't think that machine is to be invented 1 
The Chairman-No. 
Mr Butters-I differ from you. A Gates' rock-crusher will do 

if you do not need to have the stuff crushed too fine. The thing is 
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varying all the time. At the George and May they do not need 
to crush at all. 

The Chairman-But they are working under unnatural con
ditions. What we have to look to chiefly is the treatment of the 
ore in the lower levels, which is very different to the George and 
May. 

Mr Butters replied that if nature put the stuff as it was at the 
George and May it was not unnatural. The thing resolved itself 
into this, that if they could dry crush the reef down to 50 or 100 
feet, there were millions and millions of tons in the Transvaal that 
could be treated. The question of dry crushing was a most im
pOl'tant one for this country. He and Mr von Gernet had tried 
experiments with some stuff that did not come fifty miles away from 
Johannesburg, and which went about 5 dwts. to the ton. There 
were lots of such stuff in this country. In the Klerksdorp district 
for instance there were millions and millions of tons ready to be 
treated, and if they could treat it, it would mean the biggest 
revolution in metallurgy that had ever been witnessed in the 
Transvaal. The same remarks would apply to the Kimberley 
series of reefs. 

Mr Tainton endorsed M1' Butters' remarks, and said he thought 
the revolution in the treatment of ore at the George and May 
would double or treble the Rand gold output during the next five 
years. 

Mr Crosse, replying to the discussion, remarked that the crushing 
at the George and May was exceptionally cheap, but if it cost 3d. 
IL ton to just pass it through a rock breaker, it was just possible 
that as they went deeper they might get it done for Is. 3d. per ton. 
He would have liked Mr Bettel, as a chemist, in his lengthy 
criticism of his paper, to have either endorsed or condemned his 
(Mr Crosse's) views but he had entirely neglected the chemical aspect 
l)f the question. Mr Bettel told them that it would cost 4s. a ton 
to dry the ore for crushing. (Laugh tel". ) If he could get a con
tract for 4s. a ton he would be glad, and might not care if he gave 
up 5 per cent. (Laughter and applause.) In one. or two experi
ments he had made he found metallic iron which resulted from 
the wearing away of the iron used in dry crushing, and which had 
a deleterious effect on solution of gold by cyanide. It did not use 
up much cyanide, but the oxygen in the solution was absorbed 
owing to some iron being dissolved to form probably ferrocyanide 
of potassium. He treated some pyl"itous deep level ore which had 
passed through a 1,600 mesh sieve. Two lots were taken and 
treated in exactly the same way, with the exception that from one 
lot he extracted all the iron, and the other lot had some fine iron 
filings added to it. The strength of the solution he used was 0'3 
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Dry Crushing 107 
per cent. After- forty-eight hours' treatment he got out about 77 
per cent. of gold from the sample which contained no metallic iron, 
while the other sample gave only 32'2 per cent. The solution from 
the material free from iron was still capable of dissolving gold, 
whereas the solution which came from the ore containing the 
metallic iron was incapable of dissolving any gold leaf, although the 
cyanide consumption was only very slightly in excess of what it was 
in the sample from which the iron had been extracted. He found on 
passing air through the solution that it was again capable of dis
solving gold leaf, thus proving that the want of oxygen was the 
sole cause of the gold not being dissolved. He agreed with Mr 
Feldtmann's remarks about the necessity of making experiments, as 
every new reef discovery must be thoroughly tested first, as to its 
capability of rendering up its gold to cyanide solution. People 
would make a great mistake if they put up large works for the 
treatment of ore without having first found out whether the ore 
was capable of being treated. There was no excuse for such a 
mistake now, as there were plenty of places where the -necessary 
experiments could be carried out. It was quite pOHsible if the experi
ments that had been brought forward by Mr Sulman should prove 
correct, that his modification of the cyanide process might have a 
great effect ou the direct treatment of dry crushing ores, as Mr Sul
man claimed that even tolerably coarse gold could be dissolved equally 
with the addition of bromide of cyanogen. If that were so there 
would be but little necessity for stamps in the future. (Applause.) 

Mr Butters complained that the discussions at the meetings of 
the Society were too formal and restricted, and he urged the 
desirability of everything being done to encourage the younger 
members of the Society to give the results of their experience or of 
any experiments they might have conducted. The question of d1'Y 
crushing was the most important that had ever been discussed on 
the Rand, and they should get all the information they possibly 
could regarding it. Their discussions were conducted with as much 
dignity as if they were the Volksraad. (Laughter.) 

The Chairman pointed out that it was necessary for the rules of 
debate to be observed as far as possible at the meetings of the 
Society, but it was always open to members to re-open a discussion 
or to bring forw:trd a paper on any particular subject. 

Mr Butters mentioned that Mr Sulman was present, and would, 
perhaps, make some remarks on what Mr Crosse had referred to. 

The Chairman invited the gentleman mentioned to address the 
meeting, and, 

Mr Sulman, who on rising was warmly applauded, said he would 
make a few remarks in relation to the cyanide experiments made 
by'Mr Crosse, in which he (Mr Crosse) had found that the pre-
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sence of metallic iron robbed the cyanide solution of its oXY"en 
and, therefore, stopped the dissolving action of cyanide Upon g~ld: 
That opened up a question upon which he had been doing a good 
deal of work in conjunction with Dr Teed. They held that oxida_ 
tion of cyanide solution was unnecessary. Oxidation up to the 
present had been considered as essential for dissolving gold in the 
presence ~f cya~ide, but they had .fou~d that by. employing 
cyanogen III a dIfferent form of combmatlOn to that In which it 
existed in ordinary cyanide, they could still make use of potassium 
cyanide for gold-dissolving purposes without the intervention of 
oxygen at all. By employing one of the haloid compound~ 
of cyanogen-such for example as the bromide, which was generally 
the most convenient-they found that they could dissolve gold 
with gre,at rapidity, eyen from complex; and, in many cases, refrac
tory ores without the intervention of oxygen. The cyanogen 
bromide, they might say, was potential-that was, it would readily 
unite with gold when the latter was in the presence of cyanide of 
potassium, -without requiring the action of an extraneous agent 
such as oxygen. For that reason, if a sample of gold bearing ore 
containing metallic iron were treated with a solution containing 
cyanogen, which required no oxygen to render it active, the whole 
of the gold might be extracted without any interference on the 
part of the oxygen-absorbing iron. A further point was that 
caustic potash was always formed in the ordinary cyanide process 
as a necessary reaction product. In many cases that production of 
caustic potash was not only harmless, but might even be of advan
tage. But then again in other cases it was possible that its 
formation in presence of refractory ores would give rise to a con
siderable destruction of cyanide, and probably owing to this fact 
the ordinary cyanide processes had been found in many instances 
inapplicable to complex or refractory ores. But by the use of bromide 
of cyanogen in connection with potassium cyanide as a gold solvent 
no caustic potash was formed, but potassium bromide only. The 
latter was quite inert with regard to the constituents of the complex 
ores, and it might be owing to that fact that Dr Teed and himself 
had been able to obtain a serieR of very good extractions upon ores, 
which had proved quite intractable to ordinary cyanide processes. 
To sum up the process of Dr Teed and himself in a word, it was 
the substitution of one of the haloid compounds of cyanogen for 
oxygen. Those compounds could be economically produced at a 
cost not exceeding that of potassium cyanide itself. 

At the invitation of the Chairman, Mr Sulman undertook to 
read a paper before the Society on the process referred to in the 
foregoing speech, on Saturday evening, 11th May. 

The meeting then separated. 
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XII 

A SPBCIAL general meeting of the above Society was held. in the 
Chamber of Mines on Saturday evening, May 11th, 1895, to hear a 
paper read by Mr H. Livingstone Sulman, entitled 

NOTES ON THE BEHAVIOUR OF THE HALOID 
ELEMENTS IN CONJUNCTION WITH THE 

CYANIDE PROCESS 

There was a large attendance of members and profes
sional men connected with the mining industry, amongst whom 
were the following: Messrs Crosse (Chairman), Feldtmann, A. von 
Ternal, Littl~john, von Gernet, Clennel, Asher, Steward, Pearce, 
parker, De Jongh, Williams, Darling, Johnson, Butters, Betty, 
Buchanan, Burnett, Fleming, Raleigh, Schlunde, Felton, and Doctors 
Loevy and Hatch. 

The Chairman, in opening the proceedings, said he was pleased 
to see so many present to hear Mr Sulman's paper, for Mr Sulman 
bad promised to read full details of his new process. It was 
their duty as a Society to do everything to encourage individual 
research in the matter of the gold industry. Gentlemen from 
England can hardly have had the experience in the practical work
ing of slimes and tailings that those present may have had in 
Johannesburg; but on the other hand they may have had more 
experience in the laboratory, and the Society will always do well 
to hold out a helping hand to encourage original research. There 
was no such thing as professional jealousy in the work, and any 
man with brains was sure to get on. 

Mr von Get"Ilet said that before the paper was read he would 
like to make a few remarks about an article that had appeared .in 
the Mining Journal of that day's issue. He thought that such an 
article was much to be regretted. No one had any right to pre
judge the results of investigation, and too early criticism of an 
invention was to be discouraged. 

Mr H. Livingstone Sulman, in commencing his paper, found it 
necessary to preface his remarks with Rome reference to the article 
which appeared in that day's Mining Journal. He was at a loss to 
understand how the President of the Association should have pre-
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judged the case in this manner. He certainly was not conscious of 
having given Mr Bettel any occasion for such a pronouncedly hos
tile criticism. He was sorry that, Mr Bettel was not able to be 
present, and he' proposed to t.ake the matter of the article as the 
contribution to the discuRsion after the reading of the paper which 
1\1:1' Bettel would have made had he been present; that the article 
would in fact have been hi>! contribution to the following dis
cussion. He would propose, therefore, following his paper, to run 
over a few of the points mentioned in the article, and to answer 
them.' He would also like to observe that this was the only occa
sion on which the uniformly helping hand had not been extended 
to him in Johannesburg, and he desired there to thank them all for 
the kindly references that had been made to his work. 

The Rand is at present the Mecca of all chemists and metal
lurgists, the place towards which they all turn, and he himself was 
here to work out certain processes, not to cram a number of un
tried theories down their throats. He thought he had been here 
rather prematurely perhaps on matters connected with tlle patents, 
and he had hoped to have had full details of the laboratory experi
ments to lay before them. However, he had not all the tests ready 
yet, and he hoped on a future occasion to be permitted to lay this 
information before them. He was there that evening to consider 
the question from a theoretical point of view, and to give or to 
take advice and to be guided by what might hereafter be the 
result. A new process was always difficult to carry out. The 
largest experiment they had been able to make in the course of 
their laboratory experiments in England had been on the ton scale. 
His work had, therefore, been of a tentative character, and he felt 
that he had yet to learn the facts to be obtained from operations 
on a large scale. Whatever the net merits of the process may be, 
the theoretical aspect of the case must prove of great interest, for 
he proposed to deal with the question of the reduction of gold from 
its ores by means of cyanides. The action of cyanides in dissolving 
gold depended upon the presence of oxygen. Dr Teed and himself 
had found that practically all the processes up to the present had 
made use of the action of cyanogen in the presence of oxygen 
derived from the air in the tailings or in water, and that all the 
various processes for the employment of cyanides in the extraction 
of gold had added to the cyanide solution oxygen in some form or 
another. In some cases the action of the oxygen of the air had 
been increased, and chemicals added to aid in the effect. He would 
try to keep clear of formul::e, but certain expressions were necessary 
to clearly convey his meaning. The present general equation re
presenting the chemical change which took place when tailings were 
treated with cyanide of potash was as follows :-
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The Behaviour of the Haloid Elements I II 

4KCy + Auz + H20 + ° = 2KAuCY2 + 2KHO, 

that is two atoms of the gold combined with four molecules of potassic 
cyanide and one atom of oxygen, to form two moleculeR of the double 
cyanide of gold and potassium, and two of caustic potash. The 
air supply alone is generally quite sufficient to effect the gold 
solution by the cyanide in cases when the tailings are readily treat
able, but a large number of cases still occur when the cyanide action 
is slow or inapplicable, such as ores and concentrates, consisting 
mainly of pyrites, combined with other refractory minerals. 

~IAcARTHUR-FORREST PROCESS 

The great cause of the success of the MacArthur-Forrest process 
on the Rand was that there were few Transvaal ores that could 
not be dealt with in the ordinary way by cyanides. In fact it 
might be justly stated that the success of the process resulted from 
the perfect adaptability of the ore to the process, rather than the 
adaptability of the process to the ore. In other parts of the world 
there had been found great difficulty in working the MacArthur
Forrest process. It had in practice been found to be very unsucceflsful 
in the States, and only partly sllccessful in Australia. With regard 
to the need for oxygen by this process the thing necessary to success 
was to bring the oxygen to bear atom by atom upon the point of 
solut.ioll. 

The slowness of the action of the oxygen had been sought to be 
overcome by various oxidising agents. This was strikingly shown 
by the patent lists, wherein were to be fonnd whole lists of oxidising 
agents which at various times had been employed for this pUl1)ose, 
amongst them being manganese dioxide, bleaching powder, peroxide 
of hydrogen, peroxide of sodium, and many others. By their addition 
to cyanide in many cases the initial dissolution of the gold was very 
rapid, but was frequently accompanied by loss of cyanogen. If 
oxygen is to be used to aid the extraction of gold by cyanogen, 
the oxygen of the air is the cheapest and the best source. Dr Teed 
and himself regarded oxygen as unnecessary. 

CAUSTIC POTASH DEVELOPED 

The oxygen has a tendency to oxidise iron, &c., and produces 
the deleterious caustic potash. The use of the oxygen was simply 
this :-When potassic cyanide was present with gold it would not 
dissolve gold Pe?' se, Oxygen is necessary to enable the cyanide 
to dissolve gold, for something is necessary to take up the atom of 
potash, and by the ordinary processes the only way to split off an 
atom of potassium to render the potassic cyanide potent for dissolving 
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gold is to provide oxygen for it to combine with. If, on the other 
hand, another salt of cyanogen is taken more readily split up than 
the potassic cyanide, it would be possible to do away with the pre
sence of oxygen and with the consequent product of caustic potash. 

BROMIDE OF CYANOGEN 

This he thought had been found in the haloid salts, such as the 
bromide, chloride, &c., the closest researches failing to show that the 
fluoride existed. The bromide of cyanogen in conjunction with an 
alkaline cyanide is a rapid solvent for gold with the great advan
tage, that as a consequence of the reaction there is no caustic potash 
formed. 

The equation for the reaction of the haloid of cyanogen on gold is 

Cy Br + 3KCy + AU 2 = 2KAuCy 2 + KBr. 
Of the three haloid compounds available it is preferred to 

employ the bromide for the reason that the chloride of cyanogen 
has a tendency to polymerise, that is, to alter rapidly in composition. 
The iodide is naturally too expensive. 

Bromide of cyanogen, while very powerful in conjunction with 
potassic cyanide, is useless alone for gold solution purposes. 

He had no laboratory appliances for elabomte demonstration, but 
he could just show them by simple experiment the difference in the 
power of dissolving gold of the potassic cyanide solution alone, and 
of the same with bromide of cyanogen added. 

Having two bottles of l6-ounce capacity ready, in each a quantity 
of solution of cyanide of potassium was poured of a standard strength 
of ·250, prepared by the Chairman, lVIr Crosse. To one bottle, a 
small quantity of bromide of cyanogen was added, and then four 
lea yes of gold were placed in the bottle containing cyanide of 
potas::lium solution only, and five leaves of gold in the bottle to 
which the bromide of cyanogen had been added. The bottles were 
then closed by their stoppers and shaken. In the bottle containing 
the bromide, almost at once all trace of the gold leaves disappeared 
in solution, but the bottle containing potassic cyanide alone re
mained almost unchanged, although containing the smaller quantity 
of gold. The complete success of the experiment was generally 
applauded. 

Mr Sulman then continued-The bromo-potassic cyanide is not 
only a rapid solvent for gold, but the advantages found are not 
confined to this. When one is dealing with tailings, etc., the ques
tion of time is not of very great moment; but in dealing with the 
refractory ores the time is of more importance. In the course of 
his experiments he had not only treated tailings and slimes, but 
had treated the more refractory ores fr<;>m Mexico, Australia, India, 
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The Behaviour of the Haloid Elements I I3 

and other gold fields, and had found that the longest time required 
had been twenty-four hours, wl;1ereas fourteen days was required 
for the ordinary cyanide treatment. With regard to the treatment 
of refractory ores they might ask how it was that a solution of this 
kind could treat a refractory ore when ordinary cyanide cannot 
affect it. Of this there were two explanations: 1st, The great 
rapidity of the action of bromide of cyanogen and the lessening of 
the decomposition in consequence. 2nd, The formation of caustic 
potash is avoided with all its deleterious actions. Then in this case 
potassic bromide is formed, which is inert on metallic Rulphides. 
He had been taken to task for this theory of caustic potash action. 
It had been said that the amount of caustic potash formed in the 
ordinary cyanide solution was so small as to be inappreciable when 
diffused all through the large tank. There seems to be an idea 
that the caustic potash when formed rushes about and diffuses itself 
all over the tank. He submitted that this was not correct, but that 
wherever the cyanide was dissolving the gold there the caustic 
potash was being formed, and there it was at once acting; and it is 
to be noted that the caustic potash is produced there on the spot 
in chemical equivalent to the cyanide used in the gold solution. 
In dealing with concentrates there was as it were a thin leaf of gold 
wedged between crystals of pyrites, and the solution can only deal 
with it edgewise in consequence. As the gold is dissolved out a 
little cavity or bay iR formed enclosing the solution where caustic 
potash is being formed continuously in presence of pyrites and other 
refractory minerals, and it is precisely at this spot where the cyanide 
is most wanted, that the caustic potash will have power to produce 
its worst effects by formation of soluble sulphides, etc. ' He would 
now like to make a few remarks as to the thermal effects of the two 
equations, Elsner's and the bromo-cyanogen. It might at first seem 
strange that thi'l was in favour of the old formula by 26 thermal 
units, thus apparently showing a greater gold solution energy for 
the oxygen equation. The empirical facts, however, were entirely 
against this, as they had seen, the reason probably being due to 
the energy required to break up the oxygen molecules before their 
atoms could become available for the cyanide solution. 

As for the relative rapidity of action of the potassic cyanide and 
of the bromo-potassic cyanide, he thought they could best be com
pared to the action of the army rifle with its regulati.on pull-off of 
6-lbs. and to the instantaneous hair trigger. 

BROMO-CYANIDE: PROPERTIES AND PREPARATION 

This salt is a white crystalline salt-like product having a pungent 
odour and a volatility about that of camphor. Beyond these last 
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two propel,ties it presents no difficulty in handling. It is not 
nearly so poisonolls as has been represented by the old authorities, 
certainly not so much so as cyanide of potassium. 

The process of manufacture had been worked out by Dr Teed 
and himself, and differed completely from the cumbrous and expen
sive methods proposed by the old authorities. After the solution 
of bromo-cyanogen had been prepared, the salt could be separated 
by volatilisation. A curious fact in connection with this was that 
at first it crystallised in long hexagonal needles, which soon broke 
down to cubic or tabular crystals. 

As for the proportions in which to add the bromide to the 
potassic cyanide. If a 0'3 per cent. solution of potassic cyanide 
was ordinarily used, he would take 0'2 per cent. of potassic cyanide 
and a maximum of 1 per cent. of the bromide, and would add the 
latter rather as it was required, say 50 to 75 per cent. at first, aI).d 
the remainder some time after, or even in smaller proportions as 
required, according to the nature of the ore. 

As for the question of relative cost, the bromide could be pro
duced for rather less than potassic cyanide, and so would slightly 
reduce the cost. 

If the quantity of bromide actually needed to do the work is 
exceeded, then the excess is quite useless. In the majority of 
cases the theoretical equivalent of bromide is more than enough, 
and in many tests he had preferred to use less, even so little ·as '05 
per cent. in the 3 per cent. solution with 2 per cent. of potassic 
cyanide. In treating concentrates crushed to a 30-mesh he had 
found great advantage in first continuing the crushing say~to·a 60-
mesh degree of fineness, and that the action was then much more 
rapid was an argument in favour of his theory of the existence of 
the gold as a thin film between the crystals of pyrites. 

A most important part of the process was the preliminary treat
ment of the ores. Any substance capable of decomposing potassic 
cyanide would interfere with the action, and therefore the previous 
treatment must be directed to remove the basic salts of iron and 
other cyanide destroying substances. 

For this an acid treatment was frequently advantageous. The 
plant required for the process would be exactly the same as for the 
ordinary cyanide treatment, but it would be advisable to exclude 
air as much as possible by a rough cover on the tanks; a tarpaulin 
laid over would do; the object was merely to exclude the free play 
of the oxygen of the air over the surface of the tank. He had 
found that twenty-four hours was sufficie.nt for the treatment of the 
bulk of·the ores, even concentrates, and had seldom found it neces
sary to continue the process beyond thirty-six hours. Other people 
who had tested the process were fully agreed with him. As a result 
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of some of the investigation by independent experts, plants were in 
course of construction for the Bromo-Oyanogen Process on the 
Ooolgardie Fields. 

In the laboratory the most he had been able to deal with had 
been a ton of concentrates. Of course he had had failures, but only 
in two cases, where the new process had been behind the ordinary 
cyanide. Many ores were not amenable to either process as yet. 
Ai> an example, however, of what had been done he would mention 
that half a ton of Australian pyritic conc'entrates (from the Oharters 
Towers Fields) was submitted to parallel tests with the bromo 
sol vent and the ordinary cyanide. 'The ores had already undergone 
amalgamation treatment in Berdan pans, the original assay of the 
finely-ground product showing 3 ozs. 15 dwts. of gold. Using the 
bromo solvent, of a strength of '5 per cent. potassium cyanide, with 
'25 per cent. bromo-cyanide, in five hours the gold contents had 
been reduced to one half, and in nine hours only 3 dwts. remained 
in the exhausted tailings; with cyanide aione of '5 per cent. the 
leaching of a similar bulk of ore was continued for six days, and 
the liquors were again r:enewed, owing to the rapid consumption of 
cyanide. At the end of the week the assay of the tailings showed 
that 8 dwts. still continued in them. A much better extraction 
was therefore obtained in nine hours with a smaller expenditure of 
solvent than the MacArthur-Forrest process achieved in six days. 

THE PRECIPITATION OF GOLD 

In connection with the precipitation of gold from the ordinary 
cyanide sulution it had aiways seemed to him that the percolntion 
system must be wrong by reason of the large !lxcess of zinc always 
present, and destroying the cyanide by forming more of the double 
cyanide of zinc and potassium than was necessary for the precipita
tion of the gold. It had seemed to him that the ideal would be 
to apply zinc in a condition molecularly fine, and dispersed through
out the solution. This could not be achieved, but the nearest 
approach to it was to use zinc in the ,form of zinc fumes, a powder 
which was condensed in the process of the manufacture and vola
tilisation of zinc, a fine, impalpable, metallic flour. He had found 
,that this, when shaken into a cyanide solution of gold, effected the 
precipitation of the gold most completely. He could demonstrate 
this very simply by taking a cylinder of water, adding a small 
quantity of potassic cyanide of gold, and then some of the zinc 
fumes which had been merely shaken up with water. On agitating 
the cylinder it was at once manifest that the gold was being 
rapidly precipitated, and a second, shaking threw down a heavy 
flocculent precipitate of characteristic purple colour, leaving the 
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supernatant liquor perfectly clear. He had devised an apparatus 
for adding the zinc fumes to the· cyanide solution exactly as it was 
needed for the complete precipitation of the gold, and on a future 
occasion he hoped to be able to show them a model of the apparatus, 
and fully demonstrate its value. 

THE PRECIPITATION OF SLIMES 

Of course they would all know thoroughly about the precipitation 
of slimes by lime, but he would show them something about pre
cipitation by soap. After the' most perfect depositing processes 
there had always been an appreciable quantity of gold left in the 
effluent liquor unrecovered. He had tried various coagulating 
agents, but nothing had been found so perfectly satisfactory as the 
curd produced in hard water by soap. It carried down every trace 
of effluent gold, together with all the slimes. He could demonstrate 
this to them in a small way. He had there ·some Jumpers slimes. 
He would put some of the powder into a cylinder of water, and to 
this would add a small quantity of a solution of soap. Then add a 
little milk of lime, and the result was at once seen in a heavy 
flocculent precipitate which carried down with it every particle 
of gold in the slimes. He had not had the opportunity of 
thoroughly testing Rand slimes, but he had many expel'iments with 
Welsh slimes, and for Mount Morgan slimes had found that a 
quantity of 4 Ibs. of soap to the ton was amply sufficient. Here 
the question of the cost came in. In England such a soap as was 
required could be obtained at lid. per lb., but here he was assured 
it would cost at leaBt 4d. per lb. Well, he. did not think this 
would be quite necessary. The chemistry of soap was well under
stood. A fat was dissolved in caustic soda and boiled down, and 
afterwards solidified in bars. If they got the solid soap they would 
only have tq disRolve it again afterwards. Why not make theil' 
own soap solution, and, without completing the process of solidifica
tion, use that. He was convinced from enquiries he had made 
that this would enable them to prepare their own soap (in solution) 
and use it at a cost not exceeding ld. per lb. He felt he had now 
occupied their time long enough, and on a future occasion, if they 
would permit him, he would go into the details of the processes 
more fully. 

REPLYING TO CRITICISM 

He would now ask their indulgence to deal seriat1'm with the 
points mised in the Mining Journal of that day's date. With 
regard to the remark as to the MacArthur-Forrest p~tent in oxidation,. 
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The Behaviour of the Haloid Elements 117 

he pointed out that Mr Bettel begged the question in trying to 
limit the remarks to gaseous oxygen, and referred to Maclaurin's 
well-known work in this direction. The work done by Mr Bettel 
on the Robinson Mine on this subject consisted of the old Ferri
cyanide and cyanide reaction, one of the well-known group of 
oxidising processes. This in no way detracted from what had 
been said as to the necessity fo1' oxidation hitherto. He totally 
denied Mr Bettel's assumption that MacArthur-Forrest had discovered 
that the true action of gold solution in cyanide was due to nascent 
cyanogen. He ridiculed the idea that because MacArthur-Forrest 
had claimed all cyanogen containing or yieldingsubstauces as 
solvents that they had, therefore, anticipated all posRible means 
of forming aurous or auric potassium salts. Such a claim was as 
absurd as to claim the use of all possible "oxydants." . Dealing 
with the w01'k said to have been done at the Robinson, he pointed 
out that where this work had not been published it could not be 
held to have anticipated him in 'the practical working out of the 
process, and he pointed out that JYIr Bettel had said that he had 
used chlorine, bromine, and iodine in conjunction with cyanide in 
a .list of oxidising experiments including many other oxidising 
substances, and it was therefore evident that he had not found the 
peculiar action of the compound solution on gold as formulated by ·Dl· 
Teed and himself. In giving his reasons for not patenting his previous 
work, Mr Bettel instanced three points. The speaker added two 
other reasons-viz., that Mr Bettel had not found out the results 
that he himself had discovered, or he would doubtless have extended 
his research, and second, he must, by his own showing, have con
sidered his work anticipated by MacArthur-Forrest. As for Mr 
Bettel's two methods of preparing bromo-cyanide, the first formula, 

KOy+OlBr=KOI + OyBr, 

involved the use of the very objectionable chloride of bromine, 
with whose disagreeable and pungent properties they were doubtless 
all acquainted, and which was, moreover, very expensive. The other 
formula given, 

60lBr+ K4FeOyO= 4KOl+ FeOl 2 + 60yBr, 

he had found would not work, and was impossible. 1\11' Bettel's 
reasons for discarding the bromo-cyanide for ordinary work are 
various. His first point refers to tailings only. Why does he not 
include concentrates 1. As to the alleged expense of removing 
oxygen from cyanide solutions, tailings, etc., it may be at once said 
that no such process of removal is necessary. Of the other. points 
some are gratuitous assumption,. and with regard to others he 
would only say that his process was not like Beecham's Pills, 
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guaranteed to cure everything. Mr Bettel characterises the state
ment, "that the caustic potash formed by the reaction of Elsner 
prevents the extraction of gold by forming compounds which de8troy 
cyailide," as too trivial to require serious notice. Well, it is 
to these very soluble sulphides that some of the patents of the 
MacArthur-Forrest series have been directed to obtain a means 
of removal. With regard to the advantages to be derived from the 
use of zinc fumes for precipitation, Mr Bettel might not be able 
to understand them, but he thought it had been made clear that 
he claimed the advantage of cheapness, saving of labour, and 
greater purity of gold. Mr Bettel admits that the soap process 
might be feasible with soap at ld. a lb. The speaker thought this 
objection had already been answered in his remarks on this head, 
bringing down the cost to this very figure. As the rest of Ml' 
Bettel's calculations of cost are based upon soap at 4d. a pound, and 
moreover include more than three times the quantity of soap re
quired by reason of the assumption that the author would adopt 
the ridiculous course of softening 5 degrees of hardness (if such 
happened to be present) by the sole means of soap instead of well
known economical softening materials, they may be disregarded. 
There was only one other point to which he would draw attention. 
Mr Bettel states that, when it is said that from 3 to 5 Ibs. of soap 
will be sufficient to precipitate one ton of dry slimes, this statement 
is not true. He was for his own part sorry to meet with such an 
instance of professional discourtesy as giving the lie direct in this 
manner, and in support of his statement he could claim the very 
high authority of Ml' Butters, whose experiments fully corroborated 
his own work. 

THE DISCUSSION 

The Chairman said he was sure they had all been very much 
interested in the paper that had been read, and as it was now so 
late he would suggest that part of the discussion should be taken 
now and the remainder deferred to the next meeting. One remark, 
however, he must make-there was absolutely no precedent for the 
discussion of a suqject in a public journal before a promised paper 
on it had been read. He could not help saying that the conduct of 
their President in this, matter, in publishing the article in the 
Mining Journal attempting to prejudge the process, was most 
unprofessional, and he sincerely hoped that such a thing would not 
occur again. It· was indeed putting the cart before the horse. 
There wa~ another thing which he must bring out now whilst he 
was feeling very hot upon it, and that arose out of the same article. 
Any man must know that he has no right to claim results as his 
own if he does not publish them at the time, but waits until some 
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e else makes the discovery. If a man does not publish the 
@ b . ·1 esults of his workings at once, ut walts unb someone else comes 
~o the same conclusions, he ought for ever after to keep quiet. In 
this particular article there were such claims put forward, and it 
seemed to him that it would have been on a par with this if he (the 
speaker) had, immediately on the publication of Lord Rayleigh's 
discovery of Argon; claimed the whole credit for himself on the 
<Yround that he had made the necessary investigations years ago and 
discovered the substance, but had hitherto kept the discovery to 
himself. (Cries of "Lime.") It seemed really that every experi
ment possible to be made and every discovery had been made 
alreadv at the Robinson Mine, and he thought it would be to the 
advantage of all, and would prevent perhaps years of unnecessat·y 
work, if Mr Bettel would be good enough to give them a list of 
the experiments he had made and the discoveries he had made there. 
It would be very unsatisfactory to any of them to go on working 
for a long time, and then to find that Mr Bettel had gone over the 
selfsame ground at the Robinson Mine, and fOllDd the work useless. 

Mr Williams, interrupting, said he thought it would be much less 
trouble to Mr Bettel and themselves if he would be good enough to 
furnish them with a list of the experiments that he had not made. 

The Chairman, continuing-It was perfectly absurd to bring up 
things like this, and it came with very bad grace from their 
President. He was sorry to have to make these remarks, but he 
had felt it his clear duty to do so. He would now ask Mr Butters 
to speak. 

Mr Butters had made some experiments with soap for the pre
cipitation of slimes, and had found that 31 to 4 Ibs. per ton was 
always sufficient, and this was even a little less than Mr Sulman 
states to be generally necessary. It was a great pleasure to listen to 
chemistry so graphically treated and with methods employed so 
ingenious. The idea of making the lilimes leachable he thought to 
he very ingenious, and fully deserving of patenting whether it pays 
or not. The method described for securing the precipitation of 
gold from the cyanide solution, too, was very ingenious and pro
mising. When he was at the Robinson-(applause)-Mr Bettel 
was his assistant, and they had both worked on zinc powder, but 
they could find no way of producing it. He did not himself know 
of the powder of these zinc fumes which Mr SuI man had shown 
them there. He thought it a very neat thing indeed. He had seen 
all the patents for processes of gold extraction, and he was sure 
that no one had ever brought up bromide of cyanogen before as an 
aid to solution. It should certainly be patented. A novelty 
should get a patent, even if it was not immediately payable. He 
had made many experiments with the process: in one case where the 
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ordinary cyanide gave an 8 per cent. extraction only, he obtained 
an 80 per cent. extraction by the aid of the bromo-cyanide. Mr 
Sulman was an original worker and thinker, and he hoped would 
stay on the Rand. 

Mr Fleming was then called by the chair,' and, rising, said he 
was not a member of the Association, but he had, since the Sulman 
process was made known, made a number of experiments with it, 
and althongh he had carried them out in a simple way, the results 
might perhaps be of interest. He had in all made five experi
ments, tllking in each case a 1000th part of a ton as a charge, and 
the results of the whole were that whilst the Sulman process 
appeared to take the same time as the ordinary cyanide . treatment, 
and the yield of gold was practically the same, the consumption of 
cyanide was nearly double. His average extraction from the five 
double experiments was 56'1 per cent. for the Sulman process 
and 57'5~per cent. for the MacArthur-Forrest, which was practically 
the same, whereas the average loss of cyanide was 2'23 Ibs. per ton 
with the Sulman process, and only 1'09 Ibs. per ton with the 
MacArthur-Forrest. He thought that t.he crucial point of the Sul
man process was the destruction of cyanide. He did not think the 
process could give a better extraction than the MacArthur-Forrest 
process, and it destroyed twice as much cyanide. The paper was 
very good indeed, and most interesting. 

Mr Buchanan, rising, said that he supposed they were at liberty 
to hit as hard as possible at the new process, and the paper if they 
liked. He could not grant all that had been claimed for bromo
cyanide. He rather thought that the success of the eXp'eriment 
shown there was rather because of the extra amount of cyanide in
troduced into the one cylinder in the form of the bromo salt itself. 
Then it'seemed to him that they would require at least 100 Ibs. of 
bromo-cyanide to effect the reduction of an ordinary 200-ton 
charge, the extra cost of which would go some way against the 
saving of time effected. Then, again, the use of the soap would be 
impracticable on a large scale. For a 120-stamp mill the quantity 
of soap requit'ed would be so large as to be perfectly satisfactory to 
the South African soap manufacturers, but hardly so to mine 
managers. It would also be impossible to hermetically close the 
vats, and, if they did, where would the percolation be possible 1 

Mr Sulman remarked that he did not propose to hermetically 
l:Ieal the vats, only to. put a rough covering over such, as a tarpaulin, 
to exclude the flow of air over the surface as he had explained. 

Mr Buchanan said that if this was all, it would not matter 
whether the vats were covered or not, as the effect of the air on the 
surface would be immaterial. 

Mr Schlunde then addressed the A!<sociation. He desired to re-
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;ard the paper from a strictly'chemical point of view. It was for 
v.lr Sulman to' de\·elop his theory himself. He had made some of 
he same experiments as those indicated; but had not secured the 
ame rf'sults. (The speaker continued at great length, but was not 
mderstood, and eventually, at the Chairman's request, undertook to 
)resent his views in writing at the next meeting.) 

Mr Sulman, in reply, was very glad to learn that Mr Butters' 
lxperiments had confirmed his own, and he was much indebted to 
lim for the kind manner in which Mr Butters had spoken of his 
lfforts. Mr Fleming's e'xperiments were very' important, but he 
would like to have had the pleasure of working them out with Mr 
I1'leming, and of discussing them with him. He desired that the 
process should be fully tried. It had been uniformly successful 
so far, and had been exhaustively tried, and if he had the oppor
tunity afforded him of going over the ground with Mr Fleming, he 
thought different results might be obtained. He had not had any, 
opportunity as yet of working out Langlaagte Royal ores with which 
Mr Fleming had dealt, but every ore must be dealt with on its 
merits. With regard to Mr Buchanan's remarks on tbe reasons for 
the success of the gold leaf experiment, of course the experiment 
was there made in the rough, but he could prove to them that one
tenth of the bromo-cyanide would have still been far more rapid 
than the potassic cyanide alone. He would also like to point out 
again that the consumption of bromo-cyanide was lessened by adding 
in it instalments, as he had recommended in his paper. He still 
thought it as well that the tank should be so covered as to exclude 
free currents of air, and any rough covering would effect this. He 
should hope to be able to show a model of the apparatus he had 
devised for the precipitation of gold by the zinc fumes at the next 
meeting. He hoped to have laboratory facilities here soon, and 
then he would be glad to have the opportunity of experimenting 
with the different ores. 

l\fr Fleming stated that he had experimented with Mr Sulman's 
process at the Langlaagte Royal. He went into the matter very 
carefully. On' March 27th he took a sample of tailings assaying 
3'02 dwts., and experimented upon one portion with tbe Sulman 
process, and upon another with the MacArthur-Forrest process. At 
that time he was not properly acquainted with the proportions of 
the bromide. After treatment by the Sulman method the tailings 
assayed 1'60 dwts., and by the ordinary MacArthur-Forrest process 
1'40 dwts. The extraction oy the Sulman process was 47 per 
cent., and by the MacArthur-Forrest 53k per cent. The loss of 
cyanide by the former was 2'20 Ibs. per ton, and by the latter 0'85. 
He gave the Sulman process 4 hours 40 minutes, and the other 21 
hours. The loss of bromide of cyanogen in the former was a total 
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loss. On the 12th April he took 1000th part of a ton of what 
might be called a rough concentrate assaying 10·75 dwts., and 
after treatment by Bulman's process the tailings assayed 4·95 dwts.; 
after treatment by the MacArthur-Forrest process 4·50 dwts.; the 
extraction by the one being 54 per cent., and the other 58 per 
cent. ; the loss of cyanide was 2·10 Ibs. and 1·70 respectively. On 
April 20th took similar samples assaying 10·75 dwts., and the 
results were :-After treatment by the Bulman method 4·58 dwts. ; 
MacArthur-Forrest, 4·35 dwts.; extraction by the former 57·4 per 
cent., and by the latter 59·6 per cent.; loss of cyanide 2·70 Ibs., 
and 1·06 tons respectively; hours of leaching 45 and 47 respec_ 
tively. After this Mr Fleming said he distilled the bromide mOre 
carefully, and then made a further experiment, with the result that 
for the first time he got a higher extraction by the Bulman method 
-viz., 65 per cent. against 60 per cent. by the MacArthur-Forrest 
process. He made one more experiment on April 29th, when the 
percentages were 65·8 by the Bulman process, and 66·6 by that of 
MacArthur and Forrest. The average of five experiments was 57·8 
per cent. by the Bulman process, and 59·5 by the MacArthur
Forrest process-practically the same. The loss of cyanide was 
2·23 Ibs., and 1·09 Ibs. respectively. It struck him, Mr Fleming 
said, that the weak point of the new process was the great destruc
tion of cyanide involved. He did not think Mr Bulman would get 
a higher extraction by his process than by that of MacArthur and 
Forrest, and he was confident he would destroy twice as much 
cyanide. 

Dr Loevy moved a vote of thanks to Mr Bulman for his very 
able address, and the meeting ended, it being unqerstood that the 
subject would be continued at an early meeting. 
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XIII 

ON Saturday evening, May 18th, 1895, at the ordinary meeting of 
this Society there were pl'esent-Mr A. F. Crosse (in the chair), 
Capt. Mein, Messrs C. Butters, von Gernet, Williams, Clennel, 
Bulman, Pearce, Fleming, J. Buchanan, Littlejohn, Gage, Schlunde, 
Johnson, Darling, Bevington, Taylor, :Ford, Murray, Hale, Dennes, 
Raleigh, Herbert, Holwarlh, Ludlow, Davies, Asher and Dr Hatch. 

The first business of the evening was the 

ADJOURNED DISCUSSION ON MR SULMAN'S PAPER 

Mr Schlunde, in commencing the discussion, said-Before ex
plaining the reactions which take place in Mr Sulman's process, 
permit me to draw your attention to some of the chemical properties 
of bromide of cyanogen. At the last meeting Mr Sulman only spoke 
of its physical properties. Pure bromide of cyanogen is solid, and 
melts at aO temperature of from 4 to 12 degrees C. It is decom
posed by the air, more quickly by damp air; it is also decomposed 
in water after the following equation :-

Cy Br + Hp = Cy(HO) + HBr. 

Bromide of cyanogen + water = cyanic acid + hydrobromic acid. 
The bromide of cyanogen plays already here a certain role of an 
oxidiser, taking away one atom of hydrogen from the water, and 
leaving a free hydroxyl to form cyanic acid. The decomposition 
of bromide of cyanogen is quicker in the presence of alkalies when 
there is formed rapidly cyanate of potassium, bromide of potassium, 
and water. 

BrCy + 2KHO = CyOK + KBr + H 20. 

Bromide of cyanogen and caustic potash = cyanate of potassium, 
bromide of potassium and water. These are the incontestable 
chemical properties of bromide of cyanogen. 

Mr Sulman stated that bromide of cyanogen is a rapid solvent of 
gold, and he gave the following equations :-

CyBr + 3KCy + AU 2 = 2KAuCY2 + KBr. 

Taking into consideration that bromide of cyanogen is not a 
solvent at all, but that the real solvent is cyanide of potassium, I 
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say at once that the two molecules of the·double salt of cyanide of 
gold and cyanide of potassium are formed independently of bromide 
of cyanogen in the ordinary way after Elsner's formula, which 
IS :-

4KOy + AU2 + Hp + ° = 2KAuOy 2 + 2KHO. 

Therefore the two molecules of the double salt of cyanide of gold 
and cyanide of potassium which Mr Sulman claims is simply a 
chemical mystification. Seeing that the gold salt is formed indepen
dently of bromide of cyanogen, I will now examine what effect the 
latter can have upon the cyanide solution in connection with the 
ordinary process. From Elsner's reaction, we have in the solution 
two molecules of canstic potash (2 KHO), which would act upon the 
bromide of cyanogen. (1) If there is an excess of alkali the 
reaction will be the following :-

BrOy + 2KHO = OyOK + BrK + H20. 
The cyanide formed afterwards decomposing as follows :

ONOK + 2H20 = 002 + ~H3 + KHO. 
(2) But if there is an excess of bromide of cyanogen, then the 

following reaction will take place :-

2BrOy + KHO + H20 = Oy K + 2BrH + Oy(HO) + 0. 

This reaction is momentary, because the hydrobromic acid takes 
one molecule more of cyanide of potassium and forms bromide of 
potassium and hydrocyanic acid :-

2CyK + 2BrH = 2BrK + 2CyH. 

The two acids, cyanic Cy (HO) and hydrocyanic Oy H (in absence 
of potash), are further decomposed. . 

ON(HO) + H 20 = CO2 + NH3• 

C i'lH + 2H20 = OH20 2 + N H3. 

In the last case free oxygen is formed which is the cause of the 
vivacity in the reaction, and in both cases the cyanide compounds 
are destroyed. Should free cyanogen be developed in the solution, 
it is incapable of forming directly a salt of gold, but in presence of 
alkalies it will give the following reaction :-

OY2+ 2KHO=KOy + OyOK+ H20. 

The cyanate formed cannot attack the gold, but is destroyed. 

In the presence of metallic sulphides the decomposition of the 
cyanide compounds would be greater, caused by thp. nascent oxygen 
and hydrobromic acid which are developed in the reaction; besides, 
the more oxidisable metals would be attacked in preference to the 
gold. From the facts which I have put before you I am bound to 
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come to the following conclusions :-(1) Bromide of cyanogen as a 
substance is rapidly decomposed and cannot have a direct action 
upon gold. (2) It cannot make a bromination nor a cyaneration, 
but an excess of it will generate nascent oxygen. (3) The cyanide 
is converted into cyanate and further oxidised, decomposed, and 
destroyed. The experiments made by Mr Fleming showed a smaller 
extraction of gold, and a much greater loss of cyanide than by the 
ordinary process, which entirely confirms my observations. In 
practice it is useless to take bromide of cyanogen as an oxidiseI' for 
the reason that there are many chemicals more suitable for that 
purpose which can be obtained at less cost. With reference to the 
demonstrations which Mr Sulman made with the gold leaves which 
he placed in the bottles, they can have no value whatever in the 
eyes of a chemist, because from one bottle he excluded oxygen and in 
the other he placed an oxidising agent, which naturally enough gave 
the results he obtained. I have examined the Sulman process from 
both theoretical and practical points of view, and I can only come 
to the conclusion that it is not a bromination process, neither is it a 
cyanide process, but that it is a very bad oxidation process, con
sequently useless. I do not propose to touch upon either the zinc 
fumes or the soap process this evening, but should your society con
sider either of sufficient importance I may have the opportunity of 
placing my views before you on another occasion. 

Mr J. Buchanan said-During the past week I have been mak
ing experiments with the bromo-cyanogen process, and I have satis
fied myself that Mr Sulman's claim that his solution will extract 
gold in the absence of free oxygen is absolutely correct. My ex
periments were made qn a, concentrate containing 22 dwt. of gold 
per ton, and comparative experiments were made at the same time 
with the MacAl·thur-Forrest process on the same ore and with the 
same style of apparatus. This apparatus consisted in each case of 
a large lamp funnel, closed at both ends with rubber corks, and 
hermetically sealed. The upper cork was bored for two tubes, one 
of which was connected with a reservoir containing the solution and 
the other connected with a washing flask containing a strong solu
tion of pyrogallol in caustic potash, by which means all air passing 
into the funnel was deoxidised. The concentrates, after being 
thoroughly washed, were transferred to the funnel, about 2 lbs. in 
each. Steam was then passed up through a tube in the lower cork 
to displace the air, and the funnel was then filled with boiling water 
by upward displacement. This was allowed to cool, and was then 
drained off, the gas which replaced it in the interstices of the ore 
being almost pure nitrogen. The solutions were then run on. 
These solutions were made up with recently-boiled and cooled'rain 
water, just a few minutes before using. The s,trength of the solu-
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tions was, for the first experiment, ·22 per cent. potassium cyanide 
and ·05 per cent. bromo-cyanide. The solution for the MacArthur
Forrest experiment was '27 per cent. KCy. They were allowed 
to remain in contact with the ore for twelve hours, and then 
drained off, the gold in a measured bulk of the solution being then 
estimated. The Bulman method showed an extraction of about 65 
per cent., and the MacArthur-Forrest process gave none at all, not 
even a trace. The cyanide in the latter case seemed to be practi~ 
cally untouched, while by the Bulman method the amount used was 
equivalent to 2! lbs. per ton. On account of the very short time 
since Mr Bulman's paper was read, I have not been able to com
plete my experiments, but I have two questions or suggestions to 
bring forward. First, have any definite experiments been made to 
show that the bromo-cyanogen, in contact with water in a solution 
undergoing active chemical change, does, or does not, form hydro
cyanic acid, hydrobromic acid and free oxygen, which then takes 
part in the sollltion of the gold 1 Then, secondly, I have found 
that the gold obtained in solution by the Bulman method does not 
precipitate so readily on zinc as that obtained by the ordinary 
method, indeed, it is very difficult to bring down at all. This may 
be due to the fact that the presence of a "cyanifer" of such ener
getic chemical action as bromo-cyanogen causes the formation of 
KAuCY4' which is more st'able than KAuCY2t which is usually 
obtained. This, however, is purely hypothetical, and can, only be 
demonstrated, pro or con, by further experiment. 

Mr Clennel said-Although the practical efficacy of this process 
has yet to be demonstrated:by exact experiments on many kinds of 
material, under varying conditions, and on a larger scale than any 
which have hitherto been carried out, a few remarks on some points 
of theoretical interest may not be out of place. 

(1) Nature of the Reaction.-It is insisted, as a distinctive 
feature of this process, that the substance added to facilitate 
solution is not an oxidising agent. Indeed, the validity of the 
patent hinges upon this question, at least if we are to give a 
strict verbal interpretation to the claims of Julian and other 
patentees. If the solution of gold takes place according to 
Bulman's equation: 

,3KCy + BrCy'+ AU2 = 2KAuCY2 + KBr, 

then it is evident that the intervention of oxygen is unnecessary. 
Bllt is this the only possible explanation 1 Let us see for a 
moment what takes place when bromide of cyanogen is added to a 
solution of potassium cyanide. A very simple experiment will 
throw some light upon the subject. Take three conical flasks or 
beakers and. place in them"respectively: (a) A dilute solution of 
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cyanide of potassium; (b) A dilute solution of bromide of cyanogen; 
(c) A mixture of the solutions of the two compounds. Now covel' 
each vessel with an inverted watch glass, on which hangs a drop of 
nitrate of silver solution. The drop exposed to. the cyanide of 
potassium solution gradually becomes turbid from formation of 
cyanide of silver. That over the bromide of cyanogen remains 
apparently unchanged. The drop, however, which is exposed to 
the mixture of potassium cyanide and bromide of cyanogen rapidly, 
almost instantly, turns white, showing that hydrocyanic acid is 
being abundantly evolved. Now, hydrocyanic acid cannot be pro
duced without hydrogen, and the only possible source of hydrogen 
is the water of the solution. If we remove hydrogen from water, 
we leave either free oxygen or hydrogen peroxide. I thought it 
worth while; therefore, to try some further experiments on the 
reactions taking place in a dilute aqueous solution between cyanide 
of potassium and bromide of cyanogen. Without wearying yon 
with all the 'details of these experiments, which wel'e carried out 
nnder a variety of conditions, I may state briefly the general 
conclusions to which I was led. 

(2) Experimental results obtained-(I.) A large part of the 
IIlkaline cyanide is converted into hydrocyanic acid in a very short 
time. A mixture containing '17 p.c. of KOy and '17 p.c. of OyBr, 
after exposure in an open vessel for two hours, showed only '065 
p.c. KOy; a quantity equal to '100 p.c. was found to be present as 
HOy, and '005 p.c. being lost altogether. A mixture containing 
'21 p.c. KOy and '105 p.c. OyBr, after standing in a stoppered 
bottle, in the dark, for 4! hours, showed a strength of '145 p.c. 
KOy, and was found to contain hydrocyanic acid equivalent to '075 
p.c. KOy. (II.) When the solutions are kept in closed vessels, the 
amount of cyanogen present as KOy + HOy remains practically 
constant. This was proved by adding excess of alkali to the solution 
before testing with AgNOa, whereby any HOy present is converted 
into an alkaline cyanide and may be estimated as its equivalent of 
KOy. I shall show later that this addition of alkali does not con
vert the cyanogen of the O.vBr into an alkaline cyanide. (III.) The 
amount of BrOy diminishes rapidly both in open and closed vessels, 
whether exposed to the light or kept in darkness. In a mixture 
containing '17 per cent. of each ingredient, the percentage of BrOy, 
had fallen, immediately after mixing to '152, after two hours to 
"OTI, and after 20 hours to '010. This was in an open jar. A 
solution containing '21 per cent. KOy and '105 per cent. OyBr 
kept in darkness, in a stoppered bottle showed, after 4! hours, 
'016 per c~nt. OyBr. A similar solution, freely exposed to the 
light, also in a stoppered bottle, fell to '013 per cent. Oy Br in the 
same time. (IV.) The addition of an excess of caustic' alkali 
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instantaneously destroys the whole of the bromide of cyanogen, 
whether potassium cyanide be present or not. When caustic alkali 
was added to a pure solution of bromide of cyanogen, the liquid on 
titration with, AgNOg at once gave a precipitate, not soluble in 
excess of the solution, tested. We see, therefore, that no alkaline 
cyanide is liberated. When caustic alkali was added to a freshly 
prepared mixture of KCy and BrCy, the strength of the KCy, as 
indicated by AgNOg, was the same as before the addition of 
alkali, which also shows that the cyanogen of the Cy Br does not 
appear as alkaline cyanide. (V.) When the proportion of BrCy 
in the mixture was diminished, the decomposition of KCy was not 
so rapid, but the loss of BrCy was more rapid. Comparing the 
results of two hours' exposure to light with the mixtures, 

(It ) 

{ 
KCy 1 part. 
BrCy 1 part. 

(b) 
KCy 2 parts. 
BrCy 1 part. 

we find that the first mixture (a) gave a decomposition of 62-fi3 
per cent., whereas the second mixture (b) gave a decomposition of 
21·5-26 per cent. of the total quantity of cyanide present. The 
consumption of cyanogen bromide was 5 tl·2 per cent. to 61 per 
cent. in (a) and 72·4 per cent. to 67·6 per cent. in (b). The 
second of these' mixtures contains the ingredients in the propor
tions recommended by Mr Sulman. (VI.) By keeping the solu
tions in darknes~ the rate of decomposition was somewhat retarded. 
The mixture useJ .. ,c0nt~5!1ed ·21 per cent. KCy and ·105 per 
cent. Cy Br. After 4! hours' exposure in an open vessel it 
showed ·145 per cent. KCy and ·01 per cent. CyBr. A similar 
solution kept ill the dark showed ·17 per cent. KCy and ·021 per 
cent. Cy Br. In stoppered bottles the advantage of keeping in the 
dark was less marked. The same mixture exposed to the light 
gave, after 4~ hours, ·14 per cent. KCy and ·013 per cent. BrCy, 
and when kept in darkness, ·145 per cent. KCy and ·016 per 
cent. CyBr. 

(3) Theoretical Explanatiol1.-We have now to find a rational 
explanation of the decompollitions I have just described. The 
facts which will guide us to such an explanation are :;-(1.) That 
HCy is a product of the decomposition; (II.) That the amount of 
cyanogen present as KCy + HCy remains constant throughout. 
I venture to propo~e the following equation, which fulfils these two 
conditions: 

2KCy + BrCy + H 20 == KBr + KCyO + 2HCy. 

The decomposition of bromide' of cyanogen by caustic alkalies 
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appears to result in the formation of an alkaline bromide, but no 
alkaline cyanide is produced. I therefore propose the following 
equation :-

BrCy + 2KOH = KBr + KCyO + H 20. 

Let us now see what bearing these observations have on the dis
solution of gold by the new solvent. Whether caustic alkali be 
originally present or not, we have a formation of an alkaline 
cyanate, which may well be supposed to play the part of an 
oxidising agent. It seems probable, after all, that the dissolution 
of gold takes place in accordance with Elsner's reaction, which we 
may modify as follows:-

3KOy + KOyO + 2Au + Hp = 2KAuCY2 + 2KOH. 

Since the caustic potash formed in the above reaction is immedi
ately attacked by the Oy Br, as we have seen already, the ultimate 
effect is the same as that stated by Sulman, with the difference, 
however, that whereas his equation effects the dissolution of two 
atoms of gold with an expenditure of 3 molecules KOy and one 
molecule CyBr, the reaction which I have supposed to take place 
would involve an expenditure for the dissolution 6f two atoms of 
gold of 5 molecules KCy and two molecules Cy Br. The ultimate 
effect of the various reactions taking place may, in fact, be expresRed 
thus :-

5KOy + 20yBr + AU2 + H 20 = 2KAuOY2 + 2KBr + KCyO + 2HCy. 

1\'[r Sulman has himself pointed out that the thermal energy de
veloped by his supposed reaction is less than that developed in 
Elsner'::; reaction. It therefore appears probable that some other 
explanation must be sought for the greater energy with which gold 
is attacked by the bromo-cyanide solution than that advanced by 
the inventors. If my explanation be correct, the active agent is 
potassium cyanate and not cyanogen bromide. It is possible also, 
that the hydrocyanic acid liberated plays a part in the dissolution 
of the gold, converting it into auricyanic acid. 

2Au + 8HOy + 30 = 2AuHCY4 + 3H20. 

It must be understood that the equations I have given are merely 
tentative, and I do not wish to pose as an authority on this complex 
and difficult question, but I have advanced them as they appear to 
me more in accordance with ascertained facts than those given by 
1\'[r Sulman and Dr Teed. 

1\'[1' Butters observed that throughout last week they had found 
several results favourable to 1\'[r Sulman's method which they did 
not find at first. (Applause.) 

1\'[r Fleming remarked that the experiments carried out by 1\'[1' 
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Olennel were entirely outside the ·practical working of the process. 
They were carried on in an atmosphere of hydrogen which did not 
belong to actual practice. 

nir Clennel, in answel' to a question, stated that his experiments 
were not made in the treatment of ores, but simply on mixtures of 
cyanide of potassium and bromide of cyanogen solntions. 

The Chairman said that before he called on Mr Sulman to reply 
to the various criticisms, the President of the Society, Mr Bettel, 
would like to make a personal remark. 

nir Bettel said-Before joining in the discussion I desire to 
make a personal explanation. Through my unavoidable ab:-;ence 
from the Society's meeting last week an impression has been made 
which I am anxious to remove. Our Secretary informed me that 
:i\ir Sulman intended to read a scientific paper on the action of 
haloid salts of cyanogen on cyanide, and that he (Mr Su lman) 
would not, then, advertise his processes. Under these circumstances 
I consented to write an article for the 111ining Jmwnal-criticising 
statements made by Mr Sulman in a paper read in London on the 
20th of February. nil' Sulman's paper has been severely handled in 
the American and English technical journals, and it was open to 
anyone acquainted with the subject to contribute his quota in 
dissecting commercial processes to boom which a company had been 
formed, although the said processes had not passed the experimental 
stage, the commercial morality of such a proceeding being open to 
question. I find that Mr Sulman has taken in ill part certain 
remarks I made, which, however, were not intended to reflect 
on him pel'l,onally. After reading my remarks in cold print 
I confess that they appear to convey another meaning 
to what I intended, and I therefore freely withdraw them, and 
express my regret to :i\fr SuI man for the annoyance he has experi
enced through my careless writing. In points of chemistl'Y, how
ever, I decline to withdraw, and will a,nswer Mr Sulman's remarks 
in next week's 111ining Journal. 

Mr Crosse regretted very much that .there had been any un
pleasantness. He still thought that it would have been bettel' if 
J\'lr Bettel had }>ostponed his a,rticle, as they had wished Mr Sulman 
to read his paper, and it was impossible for him to do this without 
bringing his new process into it. 

Mr Sulman then replied. He had given Mr Bettel the front 
page of his notes, although he was the last speaker, and would take 
his remarks first. He frankly accepted Mr Bettel's explanation 
and the acknowledgment of the unfortunate timing of the article, 
and they would metaphorically bury the hatchet. There was, how
ever, still one phrase in Mr Bettel's remarks to which he must 
decidedly take exception, and that was the reflection upon the com-
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mercial morality of his proceedings in putting the process forward, 
although it was said· to be purely in the experimental stage. He 
could assure Mr Bettel that the process had not been brought out 
without plenty of experiments, and he was certainly of opinion 
that experiments on the ton scale were sufficiently extensive. The 
process had not been taken up by comJJanies and large plants 
erected to carry it out without ample report and experiment by 
the chemists of the company, and he mllst indeed ask Mr Bettel to 
withdraw the reflection upon his commercial morality. On several 
of the ores here, he and some othel's who had been experimenting 
had obtained much better results than by the MacArthur-Forrest 
process; and although he had not had any opportunity of trylllg 
experiments on a large sca,le, he hoped soon to be able to do so, 
and then to show better the value of the process, for, of course, 
every man knows his own baby best. 

In all the work with tailings it was necessary that the tailings 
should be cleaned as well as possible, and it was not enough to have 
simply the water wash, as that would not remove all the cyanide
destroying substances in a given ore. Cyanide of potassium was 
vel'Y easily destroyed, and bromide of' cyanogen even more so. It 
was most necessary, therefol'e, to reduce all the factors that would 
tend to undel'mine the action and destroy the cyanide. With 
regard to the experiments made and the results attained by some of 
t,he speakers, he thought there was a tendency here to work in a 
certain groove, and if the water comes through with no traces of 
iron, to at once put the cyanide on. Some of the basic salts of 
iron, the basic sulphate in particular, would not come away in the 
water wash, and destroyed the cyanide. By giving an acid or alkali 
wash, as in JUr Buchanan's experiments, these cyanide-destroying 
substances were entirely removed. In the treatment of rich con
centrates the first process wa~ to scientifically clean the pyrites. 
It iF; not claimed that his process win deal with every ore, but it 
has given good results with many Ol'es, and these have been 
obtained by other chemists. He thought it was only fair that the 
positive results should he weighed in the balance agamst the 
occasional negative results, which showed that there was more 
work yet to be done. 

With regard to Mr Schluncle's paper he certainly was wrong as 
to the melting point of bromo-cyanide. He had never been able 
himself yet to get any melting point at all, as the substance vola
tilised before it melted. 

Mr Schlunde said that his remarks applied to the pure salt, and 
were correct; but, of course, the point was not material. 

Mr Sulman said his experiments showed that the bromo-cyanide 
volatilised at about 70 degrees. In aU Mr Schlunde's equations 
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he had predicated the previous existence of caustic potash, but how 
would he explain its previous presence when gold leaf, boiled water, 
pure cyanide of potassium, and bromide of cyanogen were taken, and 
there was an almost instantaneous solution. Mr Schlunde had 
condemned his process as not cyanide at all, but only very bad 
oxidation. Well, Mr Buchanan's experiments had shown that 
oxygen was absolutely unnecessary to the bromo-cyanide process, 
whereas it was necessary to the ordinary cyanide process. He had 
not himself found the difficulty in obtaining precipitation of the gold 
by zinc that Mr Buchanan had found, but he had always used the 
zinc fumes, and with that the precipitation of the gold was absolutely 
complete. Mr Buchanan'" experiments were very valuable, and his 
conclusions of great importance, especially in view of the fact that 
he commenced the experiments with certain definite opinions against 
the process. The apparatus that Mr Buchanan had devised was 
most ingenious. Mr Olennel's paper was not one that could be dealt 
with in the course of a few remarks, and he would in the next few 
days go very carefully through it. As to the observed facts of the 
action being affected by the exclusion of light, this was not material, 
as when the vat was under treatment and the solution had been 
put on, light was practically excluded from 99! per cent. The dis
Cllssion that evening had been most interesting, and he thought he 
had learned very much more from it than anyone present. The 
proof of the pudding was in the eating, and he felt that he wanted 
a little more time to work and perfect the practical process. He was 
very glad· that Mr Olennel had obtained such favourable results with 
several of the refractory ores, exceeding the results obtained by the 
ordinary cyanide process. M l' O1ennel ascribed the action of the 
solvent to the formation of potassic cyanate. He had himself done 
much work on this matter and had prepared the pure salt-normal 
cyanate-and had fonnd that although cyanate of potassium is a 
solvent for gold it is a very slow one, inferior in rapidity to the 
ordinary cyanide. When they took into consideration the intensely 
rapid action of the compound solvent on free gold, he thought it 
would be admitted that Mr O1ennel's suggestion that it was the 
cyanate that did the work was untenable. Of course, it mattered 
little to the practical man what was the nature of the internal 
re-actions in the tank; provided that by the use of one solvent he 
got better results than he obtained from the old solvent. With 
regard to Mr Fleming's experiments, it was not correct to take the 
pyrites concentrates from a leak in the launder, as that gave only 
the coarser particles, and the fact that all his experiments showed 
a reduction of about the same amount, 66 per cent., proved that the 
gold was not in a condition to be dealt with by solvents, and required 
to be further crushed. He was very glad of the full discussion that· 
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had taken place, and was very much indebted to the gentlemen who 
had taken such pains in experimenting on his process. He could 
assure them that he had learnt more from the discussion than any 
of them could have done, and he would hope to continue the subject 
on another occasion. 

Mr Crosse said that some most valuable contributions to the dis
cussion had been made that evening, and in Mr Clennel's paper in 
particular there were some questions that would have to be answered. 
If the bl'omo-cyanide was decomposed so rapidly, he felu'ed it would 
be too expensive. Then, again, there was the difficulty as to the 
precipitation by zinc. 

Mr Sulman was then thanked for his paper. 
This ended the cyanide discussion. 

With regard to Mr Crosse's paper on concentrates, read on Al'll'il 
20th, Mr Bettel said-As Mr Crosse stated, I carried out a rather 
extensive series of experiments on the action of cyanide on partially 
oxidised concentrates in February and succeeding months 1893, and 
into June 1894, and arrived at substantially the same results as 
obtained by Mr Crosse, with one or two exceptions. "Mr Crosse" 
says ferric sulphate, like ferric chloride, is decomposed by cyanide of 
potassium into hydric cyanide and ferric hydrate, and in another 
part of his paper that freshly-precipitated ferric hydrate forms with 
cyanide ferricyanide of potassium. I have proved that ferric 
sulphate and chloride form, with potassic cyanide, fel'l'icyanide of 
potassium in addition to hydrocyanic acid and ferric hydrate, and 
that freshly-precipitated ferric hydrate, free from basic salts, is 
entirely unattacked by potassic cYlLnide of moderate strength. 
Consequently, a method which will practically convert all of the 
basic ferric salts in ores into ferric hydrate and an inert salt will 
prevent much loss in cyanide. In the course of these experiments 
I obtailled some curious results when using peroxide of sodium 
as an oxidising agent. I found, using a proportion of sodium 
peroxide far in excess of the cyanide-in the extraction of gold 
from pyritous concentrates assaying 4 ozs. per ton, which had 
been freed from basic salts and" ferrous salts by treatment with 
acid (5 lbs. sulphuric acid per ton of concentrates), and subsequent 
washing,-that the cyanide was only slightly decomposed, 2 lbs. per 
ton being the extent of the consumption, showing that cyanide 
does not oxidise to cyanate by exposure or air, as has previously 
been stated. Further, the pyrites seemed to be oxidised to the 
ferric state without passing through the intermediate ferrous state, 
a large proportion of ferric hydrate being founel in the tailings, 
and sodic sulphate in the solutions. 
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This method, although giving an extraction (on 15 Ibs. of 
concentrates) of 98'2 per cent., yet proved to be too expensive. 
My latest method was:-

1st. Dry the concentrates on a hot plate. 
2nd. Sift and break up all lumps. 
3rd. Intimately mix with 30 Ibs. lime per ton. 
4th. Lixiviate with water until effluent appeared alkaline. 
5th. Leach with 0'10 per cent. to '04 per cent. cyanide until no 

further extraction could be obtained, then drain, and, 
6th. Without washing, transfer to another vat, and finish leaching 

and percolation with '04 per cent. solution. 
From 9 tons of concentrates I obtained an actual extraction of 

nearly 90 per cent. of gold contentA. The first action of the water 
on the mixture of lime and concentrates I found to be neutralising 
of the outer surface of the lime particles by the sulphuric acid. 
This permitted the leaching-out of ferrous sulphate and excess of 
sulphuric acid, and when these had disappeared from the wash
water, and the basic salts were nearly all decomposed, the water 
dissolved the coating of calcium ~ulphate from the hydrate of lime 
particles and allowed the lime to go into solution, rendering the 
solution alkaline. Percolation even with slimy concentrate~ pro
ceeded in the most remarkable way, and, did I not know that 
"classification" and "double treatment" are superior to all 
processes of ore treatment following amalgamation, I should be 
inclined to adopt this method, which is, without doubt, eminently 
suitable for rich material, the consumption of cyanide being under 
1 i Ibs. per ton. 

Mr Williams advocated the classitication by means of spitz
luten as possessing great advantages over close concentration. The 
roasting process was also very important. 

Mr Crosse was quite prepared to admit that the day would 
probably come when the chlorination process would be very 
prominent. 

Mr Butters was of opinion that roasting would play a very 
important part. At their laboratory they had made many experi
ments with the Sheba concentrates of 6 to 8 ounces. Roasting 
would soon become much cheaper. There were some new furnaces 
now being used in the United States for ores containing 30 per 
cent. of sulphur, in which the roasting was being done for 5s. a ton, 
the furnace fuel costing 5s. or 8s. per ton. At the Robinson mine 
they were able to roast for 7 s. or 8s. a ton in the old type of 
reverberatory furnace, and the new furnace, not the turret furnace, 
will do the work much cheaper. He thought that much would be 
done in the future by closer concentrations, with roasting and 
cyaniding after. 
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Messrs R. L. Kerr, A. Edwards, Chas. Raleigh, and S. S. 
Osborne were proposed as members of the Society. 

On the motion of Mr Williams, Mr Sulman was proposed as 
an honorary member of the Society during his residence in 
Johannesburg. 

It was announced that, in accordance with the rules, the annual 
meeting of the Society would be held on the 15th June. 
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XIV 

FIRST ANNUAL GENERAL MEETING 

ON Saturday evening, 15th June 1895, the Society of Chemists 
and Metallurgists of South Africa held their annual meeting at the 
conclusion of the first year's work in the Board Room of the 
Chamber of Mines. There were present Messrs W. Bettel (Presi
dent), A. F. Crosse (Vice-President), S. H. Pearce (Secretary), 
'V. Feldtmann, F. Buckland, W. K. Betty, F. Irvine, A. 
McNaughtan, A. von Gernet, L. Ludlow, J. W. R. Crabbe, S.,H. 
Ford, A. R. Sawyer, J. Buchanan, G. W. Aitken, Charles Butters, 
and Dr J. Loevy, while the Secretary held three proxies, making 
the necessary quorum. 

The Secretary having read the notice convening the meeting and 
the agenda paper, 

The President said-I regret to announce that I have received the 
news of the death of one of our members, Mr F. J. Coxon, who 
died of phthisis during the voyage home. Mr Coxon was a young 
chemist of great promise. He was trained in the laboratory of Mr 
John Pattinson, the well-known chemist of Newcastle-on-Tyne, and 
subsequently held a high position in the analytical establishment of 
this gentleman. Mr Coxon was associated with Mr Butters at the 
Rand Central Works, and afterwards was assistant to Mr T. W. 
Wood, assayer to the Bank of Africa. I move a vote of condol
ence to the relatives of the late Mr Coxon. We are all very much 
upset at the news of the death, the first death that the Society has 
had amongst its members during the year. 

1\1:1' Butters-Mr Coxon was in my service for some months, and 
I found bim to be a loyal and good worker. He was a good 
analytical chemist, and I was very sorry when he left, but he 
left to better himself. I am very sorry to hear of his death, and 
second the vote of condolence. 

This was agreed to in silence, and it was left to the Council and. 
the Secretary to convey it in the form they deemed best to the 
relatives, and to publish it in the Chemical News of England. 

The Secretary then read the Annual Report as follows ;-

ANNU AL REPORT 

The Council, in making their report at this meeting, consider 
that a short sketch of the life of the Society would not be out of 
place, although perhaps well known to those present. In the 
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beginning of last year the idea occurred to certain members of our 
profession that, inasmuch as they were benefited by the inter
change of ideas among themselves, much more benefit would be 
derived if a number of chemists, etc., were to .meet together and 
discuss various subjects, and in order to ascertain the general 
opinion of the practicability of forming a society and the amount of 
support it would receive, it was proposed that a dinner should be held 
for the purpose of bringing together as many as possible and moot
ing the subject. This was carried into effect, and the dinner was 
held at the North-Western Hotel, March lOth, 1894. There were 
about sixty persons pre~ent, who g'lve so much encouragement that 
a meeting was appointed in ol'del' to further discuss the matter. 
At this meeting, held March 24th, 1894, some fourteen persons only 
attended, which was rather discouraging, but those present deter
mined to carry out the idea, and appointed a committee to draft the 
constitution of the Society and bye-laws, etc. They then adver
tised a meeting for April 14th, 1894, at which there were 
twenty-one persons present. The bye-laws, as now existing were 
adopted, and those present signified their intention of becoming 
members. The next meeting was held on April 21st, 1894, when 
the present officers were elected, and the Society started on its way. 
Since that meeting, when thirty-four persons formed themselves the 
foundation members of the Society, it has gone on increasing in 
usefulness and importance-its members numbering to-day fifty
four. Some few have allowed their membership to lapse, but in 
most cases these are men who have left the country, some tem
porarily and some for good, but, as you see, their places have been 
filled up, and at nearly every meeting new candidates are proposed. 
During the past term some nineteen meetings have been held, as 
under :-

1894. 

March 10.-Dinner at the North-"\Vestern Hotel. 
March 24 and April l4.-Formation of the Society. 
April 21.-Election of officers. 
May 19.-Presidential Address, and discussion. 
June 16.-" Notes on Assaying," by G. A. Darling. 

" Intermediate Filling," A. von Geruet. 
July 21.-" Sweep Smelting and Refining," W. BetteL 

"Notes and Queries on Cyanide Work," W. A. 
Caldecott. 

August 18.-" Determination of Gold in Cyanide Solution," J. 
Buchanan. 

" Electrical Precipitation of Gold from Cyanide Solu
tions," A. von Gernet. 
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August 18.-" Occurrence of Gold in Banket Formation," F. G. 
Shaw. 

Sep. 15.-" Gold and Silver Extraction in South America," 
J. Buchanan. 

" Potable Water," Dr Loevy. 
Oct. 20.-Discussion on previous papers. 
Nov. 17 .-" Notes on Dry Cru~hing," A. F. Crosse. 
Dec. 15.-" Amalgamation and Concentration of Rand Ores," 

1895. 

Jan. 

Feb. 
Ma,rch 

April 

May 

May 
June 

J. S. Curtis. 

19.-" Notes on Action of Alkaline Sulphides in Cyanide 
Solutions," A. F. Crosse and Dr Loevy. 

16.-Discussion on Dry Crushing. 
16.-Annual Dinner, Grand National Hotel, in place of 

ordinary meeting. 
20.-" Notes on Treatment of Pyritic Concentrates by the 

Cyanide Process," A. F. Crosse. 
11.-" Behaviour of Haloid Elements in conjunction with 

the Cyanide Process," H. L. Sulman. 
18.-Discussion on Previous Papers. 
15.-First Annual Meeting. 

In order to conduct the business of the Society, and arrange the 
general meetings, the Council have held twenty-one Council meet
ings, and report the following as arranged by their endeavours. 
The African Gold Recovery Company, having been good enough to 
allow us the use of their reading-room, the following paperi'; were 
ordered and placed there for the use of members :-Engineering 
11£ar/azine, Repertoi1·e Phannacie, Journal of the Chemical Society, 
Scientific American Supplement, lVJining and Scientific Press, N atu1·e, 
11£ining Journal (London), Electl·ician, Chemical News, Invention, 
Hngineering, Electrical Engineer, Analyst, Berg und Huettenmain
nische Zeitung, Zeitsch1"ijf fur Analytisc7!e Chemie, and they hope 
the members have availed themselves accordingly. The Council, 
however, feeling that it would be of greater benefit if more 
centrally placed, made arrangements to rent a room in t,he new 
Chamber of Mines building at a rental of about £7, lOs. a month. 
Since that, however, negotiations were entered into with the En
gineers' and Architects' Association, which may he summed up as 
follows: - The two societies bind themselves by agreement to 
share the same room, to be used for their meetings and as a read
ing-room, in which papers, books, maps, and specimens, etc., shall 
be kept for the use of members of both societies, but distinctly 
their own property in either case. To employ a secretary jointly 
at a salary not to exceed the sum of £5 to each society. The 
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agreement will contain other clauses as to working details. This 
agreement, it is agreed, shall date from the end of the financial 
year-viz., June 30th, 1895. The Society has at the request of the 
Chamber of Mines appointed a sub-committee to attend, as repre
sentatives of the Chemi~ts and Metallurgists, the Patents Committee 
of the Chamber of Mines. It was arranged as early as possible 
for reporters to attend the meetings of the Society. The transac
tions are now reported in the Standard and Diggers' News, and 
reprints forwarded to each member. The present form being in
convenient for binding purposes, other arrangements are in hand to 
alter to a smaller size, and so form a compact volume. Those up 
to the present have been cheaply bound, and members can have 
the same on applying to the secretary. In regard to the financial 
statement, the Council are pleased to state that by a carefu I 
nursing of the expenditure, a balance in hand of £133, 7s. 3d. is 
shown. The total receipts were £249, 18s., and the expenditure 
£116, lOs. 9d., as per balance sheet. It is, however, estimated 
that, although the Society will possess more advantages by the new 
arrangement than at present, the same will entail more cost, and 
that the present balance will all be required to tide over the time 
until the membership is increased, and the Council, in view of this, 
strongly recommend the raising of the subscription of members re
siding within the town of Johannesburg, as limited by the toll 
gates, to three guineas, in lieu of two guineas, as hitherto. 

It will be noticed that the financial statement submitted this 
evening has not been officially audited, as it falls to this meeting to 
elect two auditors, the first as yet elected. In regard to the 
bye-laws, the Council have to report that those in use and adopted 
at the time of the formation of the Society have been found as a 
whole to work satisfactorily, but would suggest the following addi
tions as amendments :-To be inserted as article 13B-Members 
having been elected on or after the 1st April in any year shall, upon 
payment of the entrance fee, be only liable for subscription dating 
from the commencement of the following year, viz., July 1st. As 
article 17B-That complimentary honorary memberships conferred 
by the Council shall hold good for the term of office of that Council 
ouly. The Council wish to express their acknowledgments of all 
the help rendered to the Society during the past term. (1) By those 
who have contributed papers, ancl the discussions, etc., at our monthly 
meetings. (2) By the Chamber of Mines in kindly allowing us the 
free use of their Board Room for our meetings. (3.) By the African 
Gold Recovery Company in extending to us the use of their Reading 
Room. The Council alf;o wish to express their lively appreciation 
of the good services rendered by Messrs Buchanan and Pearce, who 
.have devoted so much of their time and energies to carrying out a 
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good deal of arduous work as hon. secretaries to the Society. And 
now, in terms of Article 8 of the bye-Jaws, all the office-bearers of 
your Society resign theil' respective positions, and a part of the 
business of this evening therefore will be the election of those to 
hold office for the ensiling year. In cOllclusion, the Council would 
remark that the amount of personal matter connected with the 
proceedings of the Society lw,d been vel'y small, and, they are 
pleased to add, attended with no fatal results. The present position 
of the Society is eminently satisfactory, and its usefulness and im
portance are becoming more generally recognised as time goes on,' 
but, although so much has been achieved, you must remember that 
the Society is still in its infancy, and the many problems of these 
fields open up a vast scope for investigation, and it is by means of 
the individual efforts of the members that the status of the 'Society 
must be raised. 

The statement of accounts embodied in this report was also read. 

VALEDICTORY ADDRESS 

The President then read his Valedictory Address as follows :
It is, I believe, the custom in scientific societies for a president 

on the occasion of his vacating office to give an account of his 
stewardship. I am relieved to find in my case that this burden 
has been taken from my shoulders by the report of your Council 
you have just listened to. It is a report which, I think you will 
admit, is fairly satisfactory, and, as the record of a young society, 
decidedly encouraging. There is every prospect of the society in
creasing in numerical and financial strength and general usefulness. 
Papers have been read, followed by discussions, which have been 
of extreme interest to ourselves and those who read our proceed
ings. In reviewing the past year or so of our labours, it will be 
interesting to note the gradual change in opinions of metallurgists, 
and the consequent alterations in methods of treatment. Starting 
with concentration and treatment of concentrates, the African 
Gold Recovery Company started the first opposition to the chlorina
tion process by purchasing concentrates for treatment by cyanide. 
Very good results were obtained, but occasionally the results were 
not encouraging. The reason of these failures has been pointed 
out by Mr Crosse and myself. Mr ~Williams made the next step 
in advance at the Langlaagte Estate, and his success was due to 
affording facilities for admission of air and free percolation of 
solutions. By a preliminary separation of slimes through spitz
luten the finely-divided pyritic slime, which is usually caught by 
vanners, was allowed to escape, and an easily-leachable mixture of 
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Valedictory Address 

coarse sand and pyrites was obtained, and after suitable drainincr 
treated in shallow vats, exposing much surface to the air. Th: 
method otherwise adopted was mainly on the line!l of the African 
Gold Recovery's system of working-namely, turning over fresh 
surfaces of ore moistened with cyanide solution for exposure to the 
air. About this time the question of "direct treatment," i.e. 
treatment of sands from battery pulp by c'yanide without a pre· 
liminary concentration, was the principal su~ject of discussion. I 
had pointed out the fallacy involved in treating coarse pyrites and 
sand (which required a prolonged contact with cyanide for extrac
tion of their gold contents), together with the finer portions from 
which the gold could be readily extracted. I had designed and 
patented an improved form of spitzlute to effect this separation in 
the early part of 1893, but could not then get it introduced. 
It was therefore left to Mr Williams to remove one of the objec
tions to the so-called direct treatment by succeeding with primi
tive appliances in removing from the pulp for separate treat
ment the coarse sands and pyrites, and obtaining results by the 
combined methods of classifying and direct treatment, hitherto 
unattainable by the "direct treatment process." Mr Williams 
deserves all praise for the practical working out of the problem, 
and proving that, in the great majority of cases, classification is in 
evel'J way preferable to close concentration. The last word still 
had to be said respecting the advantages of direct treatment. At 
the Langlaagte Royal an attempt was made to treat tailings by the 
direct method, but on account of the difficulty experienced in leach
ing and the low extraction (2."> to 30 per cent.), the idea was 
abandoned. Before throwing away the residues, however, they 
were again treated in the ordinary leaching tanks, when it was 
found that the extraction was superior to the ordinary process. 
This was the origin of the new" double treatment" so successfully 
worked at t.he N e,v Primrose and other mines, and it is now being 
added to the direct treatment works as an admitted improvement. 
I would point out that the ordinary method when filling from dams 
or " intermediate" tanks is capable of yielding by prolonged treat
ment (six or seven days) a high extraction, in some cases almost 
equal to double treatment, but this latter method, having" caught. 
on," is being generally adopted in new works and gradually 
added to old plants, especially those having intermediate vats filled 
by means of distributors. With regard to the different methods of 
separating the slimy portion of the ore from the tailings proper, it 
is found that with some slimy ores the product obtained by the 
Butters' tank is unleachable, and recourse has been made by Ml· 
Butters to the gate system of overflow, with good results. A new 
method of discharge, at work at the Langlaagte Royal, by a sort 
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of funnel attached to telescopic pipes (or other suitable con
trivance) is giving good results. In my inaugural address I pointed 
out that the question of the action of inert materials in suspension 
in cyanide solutions, such as clay, carbonate of lime, zinc oxide, &c., 
on the precipitation of gold, would repay careful study. I have 
myself followed up this matter, anel arrived at the conclusion that 
there is practically no limit to the precipitation of gold from weak 
solutions by "clean" zinc. I have precipitated gold by freshly
turned zinc from a solution of pure potassio-aurous cyanide in 
clean distilled water--the action was at first very slow, then rapid. 
The undoubted difficulties, chemical and mechanical, in the pre
cipitation of gold from impure and very dilute cyanide solutions 
have led experimenters to try the electrical method of precipitat,ion. 
Of all methods the Siemens and Halske has yielded the best results; 
indeed, all others are in the experimental stage. This method is 
the only formidable antagonist to the zinc-precipitation process. 
A process which is still commanding considerable attention is the 
method of dry crushing and direct cyaniding adopted at the George 
and May and Eastleigh mines. It will be remembered that the paper 
read by Mr Orosse on dry crushing and direct cyaniding, and the 
subsequent discllssion had reference to the treatment of deep level 
ores, and all experiments quoted and authorities cited had reference 
to the treatment of material where the gold-containing material or 
matrix was as hard, or nearly of the same hardness, as the non
auriferous gangue. It is a notable fact that one of the surface 
reefs at the George and May is not amenable to treatment by 
coarse crushing, and much more has been claimed by advocates of 
the process than is possible to be accomplished by it. It will be 
found after mnch money has been spent that only a limited number 
of ores can be treated by this method, and that the machine has 
yet to be made which will crush dryas economically as stamps. 
The advocates of direct cyaniding, while not offering any advan
tage beyond direct treatment of all the material crushed by a 
cheaper plant than stamps, fail to convince thinking men of the 
practicability of the proposed pro~ess. The tendency on the 
Rand is towards ore classification on an extended scale before 
treatment by cyanide. The direct cyaniders, if they adopt the 
classification method (by air), have an amount of material in the 
finest state of division left which cannot be tl·eated by percolation 
processes. Here then is another complication-dry slimes for 
treatment by a subsidiary process. While admitting that clean 
banket ore from deep levels may be crushed in a Grusenwerk ball
mill so that the material may be slowly leached, I do not think the 
direct cyaniders believe that the ore will be sorted free from friable 
rock of a talcose nature. I have lately made experiments on a 
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number of ores, and my results do not warrant me in recommend
ing the direct process for anything beyond material so friable that 
a slight blow resolves the rock into pebbles and sand, when the 
pebbles do not contain an appreciable amount of gold and where 
the cyanides are low in amount. As for treatment of other ores 
by dry crushing and direct cyaniding, when it is proved by its 
advocates that such ores can he treated with a consumption of less 
cyanide than is used in the Siemens-Halske or well-conducted 
l\1:acArthur-Forrest processes, [i.e., from 0·25 t.o ·41 lbs. per ton] 
when the cost of dry crushing approaches that of wet stamping and 
amalgamation, and when the combined future processes (assuming 
ore that does not need drying even after wet sorting) of crushing, 
magnetic separation of iron, pneumatic concentration, sizing, treat
ment of concentrates by amalgamation followed by cyaniding, cyanid
ing of sized sands and separate treatment of slimes-and that is the 
logical outcome of "direct" treatment of ores containing coarse gold 
and friable or slime-producing rock in addition to hard" banket " 
or quartzose ores,-when, I repeat, these processes approach within 
2s. per ton of the present cost of wet ~tampil1g and amalgamation, 
plus the estimated cost of recoyering and working the slimes now 
allowed to flow away (and I am prepared to allow, for purposes 
of discussion, a very liberal margin for slime· treatment), then the 
advocates of the present system will begin to think there is some
thing in "dry crushing and direct cyaniding" of deep-level ores. 
There is one point in treatment of tailings and concentrates by 
cyanide which everyone, except Mr Crosse, seems to have missed. 
Mr Crosse has discovered that the presence of metallic iron has a 
pr~judicial effect in removing oxygen from solutions of cyanide, 
and to some extent diminishing the extraction of gold. When one 
thinks of the shoes and dies and portions of mortar-boxes reduced 
to powder, and preRent in the millions of tons of tailings, &c., 
treated by cyanide on these fields, it does seem strange that up to 
now such a retarding action should not have been felt. Even now 
no effort is made to remove the iron from the ore by magnetic 
separators, or to do away with iron pipes and valves. Or is it 
that the action of iron is prejudicial as filings and of no effect 
in the form of pipes, valves, or as finely-divided pulverised iron? 
Perhaps some of you will decide the matter by experiment. Gentle
men, I will shortly hand over the reins of office to my successor, 
whom you are now asked to appoint, together with the members of 
the new Council. I and my colleagues relinquish our positions with 
confidence that your choice of the officials you are about to elect 
will be beneficial to the Society in every way. I will now formally 
move the adoption by the meeting of the report and balance-sheet. 
(Applause. ) 
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The Secretary then read certain amendments to the bye-laws of 
the Society which the outgoing Council proposed. 

An additional rule, l3B.-That members elected after the 1st 
April, and having paid the entrance-fee, should only be liable for 
subscription for the following financial year, that is, from 1st July 
following. 

To ~dd to Rule l7.-That complimentary honorary member
ships elected by any council shall hold good only for the duration 
of office of the council electing them. 

To amend the rules by raising the annual subscription for 
all members residing within the Johannesburg toll-gates to 
£3,3s. 

1\fr F. Buckland proposed that the suggested amendments to 
rules should be considered seriatim. 

This was agreed to, the President remarking that they would 
come on later. 

1\'[1' Buckland then seconded the adoption of the report, and it 
was unanimously agreed to. 

The election of officers resulted as follows :-
Auditors-Messrs Buckland and Ludlow, for the past year's 

accounts only. 
President-Mr A.·F. Crosse. 
Vice-President-Mr W. R. Feldtmann. 
Council-Messrs W. Bettel, C. Butters, A. von Gernet, J. R. 

Williams, J. Buchanan, G. A. Darling, T. W. Wood, and 
Dr Loevy. 

Mr Irvine moved that, as there were several points in the Pre
sident's valedictory address with which some of the members of the 
Society could not agree, the address be a subject for discussion at 
the next meeting. 

Mr W. R. Feldtmann seconded, and it was agreed to. 
Mr Feldtmann moved the adoption of the first of the amend

ments to the rilles that members elected after 1st April should 
only be liable for payment of the subscription from 1st July. 

Mr Butters seconded, and it ,vas carried. 
'With regard to the second proposed alteration, that honorary 

memberships should only be for the duration of the Council elect
ing them, after some conversation, 

Mr Butters moved that the present wording of the rule remain 
unaltered. 

Mr McNaughtan seconded, amI it was agreed to. 
rt was further unanimously agreed that the annllal subscription 

for member~ residing in Johannesburg, that is within the toll gates, 
should be £3, 3s. 

Mr Pearce moved that for the future two auditors should be 
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Valedictory Address J45 

elected at the meeting immediately preceding the annual meeting 
for the audit of the accounts and balance-sheet. 

Mr Buchanan seconded, and it was carried. 
Mr W. McNaughtan had mnch pleasure in moving that the 

hearty thanks of the Society be accorded to the late officers for 
their labours during the past year, which had caused the Society to 
take such high rank. 

1\111' Butters seconded. 
The following were then announced as having been dnly proposed 

as:new members :-

Mr C. W. Lee, 
Mr A. A. Dolan, 
Mr J. F. Fleming, 

PROPOSED BY 

Secretary. 

Mr Crosse. 

SECONDED BY 

Mr Crosse. 
Mr Darling. 
Mr Buchanan. 

After which, Mr Bettel having briefly returned thanks, the 
meeting concluded. 

K 
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THE usual monthly meeting of the Chemical and Metallurgical 
Society was held on Saturday evening, July 29th, 1895, in the 
Chamber of Mines Board Room, when there were present-Messrs 
A. F. Crosse (President), W. Bettel, Williams, von Gel'l1et, C. 
Butters, Irvine, Darling, Lee, Littlejohn, Bevington, M'N aughtan, 
Lalor, Betty, Crabbe, Knox, M'Bride, Curtis, Brunn, Reunert, 
White, Dr Hahn, and S. H. Pearce (Secretary). 

Mr Bettel having, as ex-President, taken the chair, briefly intro
duced Mr Crosse, the President-elect to the Society, and, congratu
lating the Society on its choice, requested Mr Crosse to take the 
chair. 

Mr Crosse thanked Mr Bettel for his kindly introduction, and, 
taking the chair, :;aid it was usual for Presidents of scientific 
societies to deliver an inaugural address at the commencement of 
their term of office, and he had prepared one, which he would now 
read. 

Mr A. F. Crosse then delivered the following 

INAUGURAL PRESIDENTIAL ADDRESS 

Brother Chemists, as it is usual for a new president to make 
a few remarks in beginning his year of office, I will say a few 
words, and will be as brief as possible. First of all let me thank 
you, gentlemen, for the honour yon have conferred on me, and I 
shall use my best endeavours to make the progress of our Society 
proportionately equal with the progress of the gold-mining industry. 
The few remarks I shall make thio evening might, perhaps, have 
been misunderstood last year when we were starting our Society; 
to-day, however, I . have not the slightest fear of being misunder
stood as to the purpose of our Society, as the work performed during 
the past year under the able guidance of our past President, 1\11' 
Bettel, will be a sufficient guarantee to the mining public as to what 
the object of our Society really is. For a whole year then we have 
been cbiefly engaged in discussing various methods of gold extrac
tion. MI' Bettel started these discussions, and his valedictory 
address was also on various points connected therewith. Now, 
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Inaugural Presz'dential Address 

gentlemen, I do not intend this evening to say anything about pro
cesses or methods of gold extraction; we shall have plenty of dis
cussion on these points before long. I intend to take some remarks 
made by Mark Twain, and use them for making some of my own. 
Mark Twain says (I have forgotten the chapter and verse) that it 
is a common complaint that every profession, learned or otherwise, 
is overcrowded. He then gives it as his opinion that no profession 
is overcrowded with really hard-working, energetic, and capable men. 
His remarks are, probably more true as regards America than as 
regards Europe; but they certainly apply to a new country like 
South Africa. There is plenty of room here for capable, well-edu
cated, energetic, and honest men, who are not devoid· of patience, 
and have made such studies their speciality as are required in 
a gold-mining community. I look upon it as a highly desirable 
object for men to unite who are engaged in scientific and technical 
work for the purpose of discussing the questions which crop up in 
their daily experience, thereby helping one another, and also at the 
same time helping the advancement of civilisation. By doing so, 
if they are earnestly carrying out these objects, they will also 
raise the profession to which they belong in the estimation of the 
public. I am not ashamed to own that I shall be pleased if any 
of my efforts in connection with this Society shall have had this 
result. There is a good old French saying, "Il faut se faire 
valoir," which means in the taal, "Make the most of yourself." 
Now, no man can really know what he is worth till he measures 
himself with others; this Society is our fencing-school, and I am 
sure that the work done in the past, and that which is to follow, 
will have benefited, and will benefit, each one of you in many 
ways. The cleverest man can learn from others, and we can all 
learn much by this change of ideas and experiences. I think that 
an.v one who seriouRly intends to work in any of the variolls lines 
of practical metallurgy and chemistry which these fields offer must 
be a poor kind of individual if he does not wish to join our Society. 
\Ve have certainly done much to raise the position of a chemist 
here, and we offer everyone who has anything new to bring 
forward the very best chance of doing so. I hope that in time 
our Society wi.ll be strengthened by the addition to its ranks of all 
the mining engineers and mine managers who are interested in the 
extraction of gold. Every mining engineer of any standing has 
gone through a course of chemistry, and it is perfectly impossible 
to separate the chemical and mechanical portions of a process. We 
must adapt our Society to the requirements of the place we live 
and work in. Many of us, no doubt, ·would like to be engaged on 
more purely scientific work, but here we are, and if the tree is to 
grow to the size we hope, we cannot neglect the nature of the soil. 
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148 Chemical and Metallurgical Society of S. Afrz'ca 

After all, if we can extract three pennyweights of gold where two 
were formerly obtained,' we shall have achieved something. I 
would like to say one or two words about the yourig men 'who 
sometimes come out here from England. They have often no more 
idea of the requirements of this place than the country bumpkin 
who, in the last century, thought that the streets of London were 
paved with gold. There are young men come here, armed with a 
certificate stating that, having had· three months' experience with 
some well-known man, they are capable of doing almost anyt.hing. 
They also think that life in the Colonies is very easy, "hard work 
not being so much an object as good pay," as Mark Twain says. 
These men tend to lower the standard of the profession. However, 
we ought to educate our mining engineers and chemists in South 
Africa. Some day I hope, when the present rulers of this country 
have been sufficiently diluted with an admixture of new men anti 
new ideas, that we shall have a first-rate School of Mines here, 
carried Oil in the only language possible in South Africa. The 
Cape Colony is making a start, but I hope when United South 
Africa has become an established fact, that the School of Mines will 
be transplanted to a place where it may have the best chance of 
permanent success. In the meantime I am sure that you will join 
with me in wishing the present undertaking evel-y succes~, and let the 
gentlemen who started and subscribed to it have our best wishes. 
I, for one, agreed with them that, for the present at least, Cape 
Town is very suitable, and that it was a good idea to lose no time 
in starting it. One thing that I am very pleased to see is the way 
that some of our rich men are coming forward in matters of public 
importance-for example, education, etc.; one I wOllld mention in 
particular, as he is an honorary vice-president of the Society-I 
mean Mr Lionel Phillips-and I hope that the day will come when 
it will 'cease to be said of us J ohannesbll1'ghers that our only 
object in life is to make money. Anyhow, if we do make it, let 
us learn how to spend it, not only for 0111' own aggrandisement, but 
also for the advantage of the community in which we li,'e. I will 
not Ray much more-you did not come here to be preached at. 
Only let us keep together, and we shall find that by helping each 
other we help ourselves. There is room for all. I coufidently 
hope that during the ensuing year we shall have interesting papers 
read and lively discussions, and that many of you will come for
ward who have not yet done so. I should like to see a gold 
medal given once a year by this Society for some original chemical 
work in cOllliection with the treatment of gold ores. I will con
clude, gentlemen, by asking you to assist me as much as possible 
during the coming year in advancing our Society, as without your 
assistance I can do nothing, and I hope that I shall be able to 
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Dry Grinding 149 

cilny on the work that you have entrusted me with to your s."ttis
taction. (Applause.) 

Mr Butters-A very good commencement, Mr President. 

DRY GRINDING 

Mr Clifford W. Lee then read the following paper on dry 
grinding :-Having lately returned from the gold-mining districts 
in Chili, where dry grinding is now the only method of grinding in 
use, perhaps I may be able to give some data which may prove of 
service to some of you who are studying the question of dry grind
ing, as applicable to the ores of the Rand. The ores from the 
Guanaco Gold Mining district are extremely hard, in fact they are 
much harder than any of the ores which I have seen so far on 
the Rand. They consist mainly of a granitic formation inter
spersed with crystals of sulphate of baryta. The gold is in a very 
fine state of division, and is contained throughout the whole mass of 
the ore. The presence of the sulphate of baryta is one of the great 
draw backs to sllccessful dry grinding for subsequent treatment by 
cyanide or any other chemical process; for, on grinding, the sulphate 
of baryta forms a slime, which, on account of high specific gravity, 
is very difficult to separate. Up to date the only successful 
method of' extraction is by pan amalgamation. For this the ore 
requires to be gronnd very fine. After a long series of experiments 
in our reduction works ,we found that on grinding dry to a 4,900 
screen we got an extraction by direct pan amalgamation varying 
from 65 to 80 per cent., [I,nd a further 10 per cent. from settlers, 
blanketings, and concentration on the Luhrig vanner. After trying 
various processes of grinding we found that we got the best returns 
on using the Grusenwerk No.4 ball mill. The output of ore of 
these mills grinding to a 4,900 screen is on the average 5t tons per 
24 hours. On grinding to a 900 screen, which I believe is the 
usual mesh used on the Rand, the output would '-ary between 12 
to 18 tons per 24 hours, according to the nature of the ore. Ex
periments have proved that they will grind blue or unoxidised rock 
to a 900 screen at the rate of 8 tons per 24 hours. The output on 
grinding silver ores in a reduction works in Chili to a 900 screen 
Was on the average 16 tons. These ores, however, were a trifle 
softer than the gold ores of the same district. On examining the 
very fine slime-and this is a very small percentage-which collects 
in the dust-chamber from the ventilating flue of this 'mill, when 
grinding an ore containing 1 oz. to the ton, we could only find the 
slightest trace of gold, and in another works, where they ground 
silver ores to a 900 screen, they could only find a very small per-
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·centage of silver in the slimes. Perhaps the fact of the slimes in 
the flue chamber containing such a small percentage of gold may be 
made use of in connection with grinding dry for subsequent treat· 
ment with cyanide, for, by experiment, the height of the ventilating 
flue could be so arranged as to collect a large percentage of the 
slimes in the dust-chamber. In grinding in these mills the gronnd 
material is of a very even size, and contains a very small percentage 
of slimes. Immediately the ore is ground in this mill it passes 
through holes in the grinding plates on to a slotted screen. Here 
the ore, which is fine enough, passes, and that which is too coarse 
by motion of the mill falls back again amongst the balls. Seeing that 
the mill makes twenty-five revolutions per minute, and, the whole mill 
being covered with screenH, the ground material is practically always 
in contact with them until it is ground fine enough to pass, the size 
.of ore we found most suitable for reduction was that containing 
about 25 per cent. of three to five inches cube. By feeding the 
mill with ore of this size, we found that we required a con~idembly 
less number of balls, which means less iron abraded, the number of 
balls used being about half the number recommended by the manu
facturers of the mill, whilst the output is more or less the Hame. If 
the mill is fed with ore too finely crushed from the breakers, the 
balls become choked, and the output of the mill is considerably 
diminished. There is, perhaps, more. abrasion of iron in this mill 
than in most, the amount being, wheu grinding to a 4,900 
~creen about 3'2 Ibs. per ton; but it is in grinding to such a 
degree of fineness that the greatest amount of wear and tear takes 
place. Probably on grinding to a 900 screen the amount of iron 
abraded would be less th~n 1 lb. per ton. Formerly the grinding 
plates of this mill were in one solid casting, but, on the recom
mendation of Mr William Hughes, late engineer to the Atacama 
Mineral· Oompany, the castings were supplied with armoured 
grinding surfaces, so that, when the grinding surfaces were worn 
through, instead of the whole casting being thrown away, it was 
only necessary to screw on new armoured grinding surfaces. The 
life of those grinding surfaces is about three months. When 
grinding the hardest class of ore we re-sieved through a 4,900 
screen. An entire new set can be replaced by three native 
labourers in twelve houI's. Our mill and extraction expenses, 
with the old type of grinding plate, were 4s. 7d. per ton, whilst 
with the improved type they are 2s. 7d., the price of labour being 
ab(}llt the· same as here, and that of coal varying from 19s. to 25s. 
per ton. Ores containing up to 2 per cent. of moisture can be 
ground in this mill to pass a 900 screen. There is an electro
magnetic apparatus made by the manufacturers of this mill for 
extracting the abraded iron from the ground material, as it comes 
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from the mill hopper, but, personally, I have not seen it successfully 
tried, for in the act of extracting the iron it took about 8 per cent. 
of the ore along with it. The Silver Reduction Companies using 
Krohnke's process of extraction find the presence of free iron in the 
ground material a very costly difficulty to contend with, because 
the copper from the sub-chloride used is reduced on the iron, 
which then becomes coated with amalgam. Besides there being 
an abnormally large consumption of copper, there is also plenty of 
profanity about when cleaning up the amalgam. Two men can 
handle the ore from hoppers on the mill-floor for feeding eight mills, 
and two are necessary below to look after the discharge from the 
same number. The natives become wonderfully expert in feeding 
the mills, the alllOunt necessary to add being easily ascertained by 
the noise from the balls within the mill. It is very rarely that there 
is any trouble with broken screens; in case of a break it can be 
repaired in less than two minutes. The presence of drill-heads, 
&c., in the feeding ore is quite immaterial; there is very little 
difficulty with the grinding surface of the mill, and a mill will 
run over two months without it being necessary to open it up to 
examine the interior. The foundation and timber work in connec
tion with the erection of the mill is far less than in the erection of 
the majority of mills; they are usually erected on timber platforms 
supported on piles of 12-iuch tim bel'. These mills require about 
11 horse-power indicated. The net weight of the mill and balls 
is about 7 tons, and weight of balls, according to the manu
-facturer's recommendation, is 1430 Ibs., but, as I have before 
.stated, this is excessive.' The space required for the mill is: 
Length, 13 ft.; width,7 ft.; height, 11'S ft. There is another 
mill manufactured more or less on the same principle as the above 
mill, called the Luhnert, but the metal of the Grusenwerk 
grinding plates and balls is of a peculiar alloy, which is 
extremely hard, but, at the same time, exceedingly tough. 
It does not crack as in the old style of grinding plates at 
the end of their life. The balls used to fall through the plates 
by their own weight because of the plates being worn down to 
such a degree of thinness. According to comparative trials, 
extending over a year in the works of the Royal Silver Mines of 
Potosi, they found that the life of the grinding plates of the Grusen
werk mill was four times as much as that of the Luhnert. The 
Cassell Gold Extraction Company have now a works in action near 
Santiago, where they are grinding a 5 dwt. ore with these mills, 
and afterwards extracting with cyanide. From conversati.ons I 
have had with their manager out there I gathered that the process 
is highly successful. They do not experience any difficulty with 
the percolation; the works are driven by water-power, and they 
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have adopted the dry grinding after seeing the successful work 
done with it in the northern part of Chili. That the Grusenwerk 
mills are really a success as to their grinding capacity can be 
assured from the fact that nearly the whole of the reduction works, 
for both gold and silver, on the weRt coast of South America, have 
abandoned stamps, Krom rolls, trapiches, or Chilian mills in favour 
of them. In conclusion, I may'state that I am not touting for the 
Grusenwerk people, but have given you facts which have been col
lected after having been in a reduction works for five years, where 
for four years we have used their mills with signal success. Per
haps the following figures may be interesting as showing the com
parative results between wet and dry grinding and subsequent 
treatment by pan amalgamation. On grinding the ore in the 
Trapiche or Chilian mill, sea water is used to get rid of the 
ground ore, and to run it into settling tanks, from which, when 
full of ground ore, the superfluous water was syphoned off. The 
resulting mass, one of muddy consistence, was then allowed to flow 
through a door in the bottom of the tank on to the ore floor, and 
exposed to the sun for four or five days. This, together with 
the salt from the sea water, had the effect of oxidising the free iron 
present, and as we eventually discovered, of coating a large per
centage of the gold with oxide of iron, which thus prevented its sub
sequent amalgamation. The ore was then turned over, and the 
lumps roughly broken with wooden mallets and taken up to the 
pan house for amalgamation. We used the American pans with 
double bottoms, through which passed a stream of hot water. We 
found that this kept the mercury in splendid condition. The sides 
were lined with amalgamated copper plates, and instead of using 
iron shoes in the mullers we used wooden ones, which were sup
ported about four inches from the bottom of the pan. Each pan 
contained 56 Ibs. of mercury. About 8 cwts. of ore were charged 
in at a time arid run in' a thick mass for three hours, and after
wards diluted up to a watery consistence and run in this state for 
one hour :md then discharged. By this process we got an extrac
tion of 52'14 p.c., whereas by grinding dry and adding 4 Ibs. of 
un slaked lime to each charge (this we found prevented the iron 
from becoming amalgamated), we got an extraction varying from 
65 to 80 per cent. These results are from mixtures of ores 
containing carbonate and sulphide of copper in variable quantities. 

The President said he desired on behalf of the Society to thank 
Mr Lee for his valuable and interesting paper. It proved how the 
several facts of the work of gold extraction, the chemical and the 
metallurgical, were dovetailed one into the other, and he hoped 
th8.t the time was not far distant when they would see the mining 
engineers a8sembled with them round their own table. 
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Mr Williams said-I would like to make a few remarks in reply 
to our ex-President'~ valedictory address. He commences by saying, 
" In reviewing the past year or ~o of our labour, it will be interest
ing to note the gradual change of opinion of metallurgists, and the 
consequent alterations in the method of treatment." I am pleased 
that such is the case, and I am sure that you will all agree that a 
conservative in metallurgy or in any science i~ an impossibility. 
Sir Isaac· Newton said shortly before he died, "We know little and 
have much to learn"; whilst Richard Proctor said, "We know 
nothing and have infinity to learn." If we take tho~e opinions it 
will be necessary that we should, from time to time, change our 
opinions, and I think our watchword should be, "Change and Pro
gress "; but in this case I am afraid that our friend Mr Bettel has 
been the one to change, in fact, more than change-in the words of 
Father Shakespeare he has had to swallow the leek. As he is not 
a Welshman, I hope it has agreed with him better than it did with 
his fellow-countryman, ancient Pistol. In comparing his inaugural 
with his valedictory address you will see what I mean. In the 
illauguml address, speaking of the report of the Concentrators' Com
mittee, he says: "I have carefully read through the report and 
annexures, and have arrived at the conclusion that it is an excellent 
example of how to say nothing at great length." In the valedictory 
address he passes me a compliment, which I only partially deserve, 
by ~aying, "Mr Williams deserves all praise for the practical 
working out of the problem, and proving that in the great majority 
of cases classification is in every way preferable to close concentra
tion," Now, Mr President and gentlemen, I will quote just one 
short sentence from the report which Mr Bettel criticises, "as a 
long way of saying nothing." "Although we do not consider close 
concentration neces~ary, we think that in some instances it would 
be very advantageous to classify the tailings so that the coarser par
ticlf$ can be Sll bjected to a longer treatment." This, I think, is 
the first time that the idea of classification, with a view of giving 
the different sized grains treatment according to time required, 
was made public. Again, in his inaugural address, Mr Bettel gave 
a general condemnation to the direct filling method which was then 
being introduced by Mr Hennen Jennings. In his valedictory 
address I believe l'ir Bettel says, "it was left to Mr Williams to 
remove one of the ohjections to the so-called direct treatment by 
succeeding with primitive appliances in removing from the pulp for 
separate treatment the coarse sands and pyrites, and obtaining 
results by the combined methods of classification and direct treat
ment hitherto unattainable by the direct treatment." Again, in 
his inaugural address, Mr Bettel praises the intermediate tanks of 
Messrs Butters and Meiu so much that he nearly convinced me that 
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direct filling was in every way a second fiddle, but even here "NIl' 
Bettel shows a change of opinion when he says that at the Lang
laagte Royal only 25 to 30 per cent. of the gold could be obtained; 
and again, "it is found with some slimy ores, the product obtained 
by the Butters' tanks is Ilnleachable," and that certain improve
ments have to be made. I think these few examples out of the 
many will be sufficient to show how milch Mr Bettel has changed 
his opinions. You will notice :NIl' Bettel uses the term primitive to 
the spitzluten in use at the Crown Reef and several other mines, 
and yet he would have us believe that they were an invention of 
his in the early part of 1893. Does he mean B.C. ~ I think so, as 
I used the spitzluten over twenty years ago. Mr Bettel says that 
he failed to get them introduced. I would ask Mr Bettel did he 
point out the advantages of the system, and if so, to whom. At the 
time he was working for the Robinson Company, therefore directly 
nnder Mr Jennings, whom I have always found the most pro 
gressive of men? Now it looks to me one of two things, either 
Mr Bettel did not point out the ad vantages of the system and try 
to get it introduced, or-and I should be sorry to think it-the 
Robinson Company had such a poor opinion of Mr Bettel's metal
lurgy as to pooh-pooh his invention. I wonld here point out that, 
as soon as I suggested the idea of classification to 1\11' Jennings, he 
not only gave his permission to try it, but also gave me some useful 
hints, and I received every assistance from Mr F. Irving. And, 
after all, even Ml' Bettel mnst agree that this classification is only 
carrying Mr Jennings's system of separating sands from slimes a 
step further, and that the credit is due to the system, as much, or 
even more, than to the manner in which it is carried out. I would 
like to ask Mr Bettel how many of the perfect spitzltiten as 
invented by him are in use. The primitive ones, as used at the 
Crown Reef, number at least 100, and are rapidly running into 
the second hundred. I have not seen the perfect spitzluten at work, 
but was very surprised to hear that they have been thrown out at 
one of the mines, where they now intend adopting the primitive vnes. 
As to the Langlaagte Royal being the first place to use the double 
treatment, I will only say that my friend, Mr Feldtmann, pointed 
out the advantages of it to me long before the Royal possessed a 
cyanide works, and it was practised on the Black Reef, Rietfontein, 
and other places. I now come to what I think, on the surface, is 
a funny statement of Mr Bettel's, but, reading between the lines, 
well-I am not going to tell you what I read between the lines
so I will call it a funny statement, viz., "I have precipitated gold. 
by freshly turned zinc from pure potassio-aurous cyanide in clean 
distilled water." Now, as we have not to deal with clean distilled 
water, and have many other complex salts, which even Mr Bettel 
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could not practicably precipitate with zinc, even when fre~hly 

turned and in clean distilled water, so I cannot help comparing 
his beautiful experiment to the one of the boy, who said he got an 
extraction of 100 per cent. by taking out a sovereign which he 
had placed in a bucket of clean distilled water. Gentlemen, I have 
much pleasure in congratulating ~1r Bettel-firstly, in showing that 
he can change his opinions; and, secondly, in being the proud 
possessor of the only perfect spitzluten; but I must express regret 
that he has used his position as President of this Society to adver
tise the said perfect spitzluten, and, above all, must ask him in the 
future to give every process a fair trial before he condemns it. 
Before closing, I beg heartily to congratulate Mr Bettel on the 
success of this Society during his year of office'. (Applause.) 

Mr Adolf von Gernet said- With regard to the valedictory 
address of the retiring President, delivered at the last meeting of 
this Society, I have one or two criticisms to make. In the first 
place, I would like to say that it is not customary for a president, 
in giving his report of the proceedings and discussions which have 
taken place during his term of office, to give expression to his own 
ideas and judgments on subjects which had been discussed at the 
meetings of the Society. It seems to me that such criticisms are 
out of place in a report of this nature. Mr Bettel has done this on 
several occasions. He made definite statements about" direct treat
ment of ores," and also with regard to the use of the" gate system 
of overflow" in connection with the Butters and Mein distt'ibutors, 
which are, in fact, only his own private opinions. The utility of 
these systems should have been left 'to the decision of those who are 
actually using the methods in question, and not brought forward so 
as to leave the impression that their success or failure has been 
admitted on all hands. Again, in discussing Mr Crosse's papers 
on dry crushing, and also on the influence of iron filings on 
cyanide extraction, Mr Bettel attempts to place Mr Ct'osse's views 
in a ridiculous light, which seems to me unbecoming in an 
address of this kind. 

The following letter was then read :-" The Secretary, Chemical 
and Metallurgical Society, Johannesburg.-Dear Sir,-I notice in 
to-day's issue of the Standard and Digge1's' l',Tews some remarks 
made by Mr Bettel at a meeting of your Society, held on 15th inst., 
with reference to the bad effect of metallic iron in treating tailings 
and concentrates by cyanide. I beg to state that long ago 1 found 
that metallic iron had a prejudicial effect in removing oxygen from 
cyanide solutions, and was detrimental to the treatment of our tail
ings and concentrates by the cyanide process. Consequently, I pro
posed to keep the iron out of the tailings and ,concentrates by 
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magnetic separators; and to make experiments, on concentrates 
particularly, with and without the metallic iron. The results of 
these experiments were so satisfactory that magnetic separators have 
been put in here, and have been working for some time past. Mr 
Bettel was evidently not aware of this fact when he stated that 
" Mr Crosse had discovered something which everyone else seemed 
to have missed," and that" even now no effort is made to remove 
,the iron from the ore by magnetic, separators." Mr Crosse is late 
with his discovery. It has been known, and fully borne out here 
by extensive experiments, for some time. Hoping you will make 
this known at your next meeting.--I am, etc., 

"EDWARD T. TEMBY, 

"Langlaagte Estate, 17th July 1895." 

The President said he was very glad Mr Temby had written 
that letter, for it confirmed what he had himself brought 
forward. He had not known that anyone else had made the dis
covery before himself, and he thought Mr Temby should have 
published his discovery at the time. It would have been of 
general service. However, Mr Temby deserved the credit for 
making the discovery, and he himself was very glad to receive 
this corroboration. 

Mr McBride said-Being a visitor at this meeting, I will only 
refer to what Mr Bettel has remarked in his valedictory address 
on the work at. t,he ,Langlaagte Royal Cyanide Works. An error 
has, been made by him in describing the origin of the new double 
treatment of tailings. 

It is true that an attempt was made to treat "direct" the 
con·tents of two vats, which held about 80 per cent. of thepnlp 
delivered from the battery; but the failure to get a good extrac
tion, and the subsequent treatment of these residues, had no 
connection with the introduction of the double treatment system. 
As a matter of fact these residues lay below the settling vats for 
some time after we had adopted double treatment. 

It was by no mere chance or accident that this most successful 
way of treating tailings was discovered, and I desire to give credit 
to whom credit is due. I agree with Mr Bettel, when he says its 
origin took place at the Langlaagte Royal. Our General Manager, 
Mr W. Laurie Hamilton, was discussing with me the best way of 
spraying the tailings with cyanide solution as they were being 
discharged from the settling vats for transfer ,to the leaching vats, 
and this idea was carried further by a suggestion from him to 
partly treat in the settling vats. Arrangements in the way of 
fixing a pump and piping to deliver the solutions to the extractor 
house were at once made. This is the correct origin of the 
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practical introduction of the now well-known double treatment 
system. 

I have to thank Mr Bettel for his remarks, even though partly 
made in error. They were valuable even for the argument they 
prodllced. I am reminded of the tale of an old Scotchman and 
a younger man who were walking together, and to all the old man 
said the younger kept on only saying" Yes, yes," until at last the 
old man could stand it no longer, and said " Can't ye contradict me, 
ruan, and let us have an argument." Mr Bettel has certainly 
l'aised some lively arguments, judging from previous speaker.~' 

remarks. 
Mr Butters said it was always interesting when considering new 

processes to look back for the reasons. Intermediate vats were 
used at the Langlaagte Royal and also at the Crown Reef, and they 
had found that by removing the material to the upper vats they 
did not get so big an extraction as by double treatment. He must 
_ay, however, that if one was thoroughly prepared no second treat
ment would be wanted. A second treatment only became necessary 
when the first had not been properly carried out. In the chlorina
tion vats, for example, they filled the vats with stuff properly 
prepared for the treatment, and treated it full once, and once only, 
getting practically the assay value, at any rate within half-a
pennyweight. The reason why this was not more generally 
adopted was that they did not want to pay the royalty. The 
whole question of double treatment really resolved itself into 
a matter of filling the vats with clean stuff, and he was con
fident that the day would come when there would be no double 
treatment. 

The President said he wished Mr Butters would, out of his vast 
experience in separation, separate out a paper on these matters. 
They continually had at every meeting most valuable remarks 
from Mr Butters. He had probably h"d more experience in 
matters affecting separation than anyone else present, and such a 
paper would be most valuable. 

Mr Butters said he would like to add that since he had been 
studying separation he had become convinced that 1\11' Jennings 
had hit upon the ideal method when he adopted direct filling. He 
had found himself that when he could lay down absolutely 
clean matter in the vats he could not keep the solution on it, it 
percolated through so rapidly. He believed the intermediate filling 
would be done away with so soon as they could get absolutely clean 
matter. 

After some general conversation, the President asked if anyone 
else desired to comment upon Mr Bettel's valedictory address, and 
as no further comment was offered, 
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Mr Bettel said he would reserve his. reply, and deliver it in 
writing at the next meeting. 

Mr Williams said, that with reference to Mr Butters' remarks, 
he thought the great advantage of the double treatment arose from 
the turning of the stuff over in the tanks, and, further, the economy 
of tanks, six being sufficient, where nine were required before. 

The President said they had not had a paper on the double 
treatment yet, and he was sure it would be very' valuable and 
acceptable. He had now to announce that the auditors' had gone 
through the accounts and found them correct, and the next subject 
was the proposed amendment of the rules. 

The Secretary then read the proposed amendments which had 
been approved by the Council, as follows :-

Art. 4.-To insert "A" before the word" Treasuret'," and to 
add "All honorary officers shall be considered as ex 
officio members of Council." 

As Art. 9A.-" Past Presidents upon their retirement from 
office shall become perpetual Vice-Presidents." 

As Art. 10A.-" Members of Oouncil being unable to attend 
Oouncil meetings for any period shall apply for leave of 
absence, which shall be considered at the next Council 
meeting, and granted if reasonable. The same meeting to 
elect another to act temporarily in his place if necessary. 
In the event of a member of Council failing to attend three 
consecutive Council meetings without having been granted 
due leave of absence, and notice of such meetings having 
been given him in the ordinary course, it shall rest with 
the next Council meeting to cancel his. office, and to elect 
another in his place; the Council's appointment to hold 
good until the next annnal meeting. 

In place of Art. 11.-" Eyery candidate for membership must 
be proposed by at least two members, to whom he is person
ally known. The proposal form to be sent to the Secretary,. 
who shall place the same before the nex t Council meeting 
to be duly considered, and, if approved of, the candidature 
shall be put up for election at the next ordinary monthly 
meeting. Due notice of the names of the c,mclidates to be 
sent with the notice of the meeting to members. The 
election shall be by ballot-l in 10 to exclude." 

Art. 19.-To insert "and for the election of new members" 
after the word" chemistry." 

Art. 22.-To add" and only snch business shaH be transacted 
at these· meetings as shall have been cluly mentioned in the 
notice sent by theSecretal'y to the members." 

In place of Art.'23.-" At Council meetings four members must 
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be present to form a quorum, but at annual or special 
general meetings a two-thirds' majority of votes shall carry 
any business hefore the meeting-such business having 
been duly notified." 

Art. 26.-To add to first paragraph" should they require it." 
Art. 27.-The second paragraph to be erased, as being already 

provided for in amendment to Art. 2:3. 
As Art 28.-" Members who are unable to attend meetings and 

desiring to vote upon the business as announced, may do so 
in writing to the Secretary beforehand, who shall record 
such votes at the meeting, and the ~ame shall count as if 
such members were actually present." 

It was resolved that the consideration of the amendments to the 
rules should be postponed until the next meeting. 

The President said he was very glad to see Dr Hahn, one of 
t4eir honorary members from the Cape Colony, present, and he 
would again repeat what he had said before Dr Hahn came into the 
room, that they were glad that the School of iliines should be for 
the present at Cape Town, but that ultimately it woul.d have to come 
to Johannesburg. He was sure the Society would be very glad if 
Dr Hahn would give them some account of this new institution. 

Dr Hahn said he regretted very much that he came too late to 
hear the President's opening address. As he understood they 
desired it, he would give them a short account of the new School of 
Mines. He would say that the matter was first thought of some 
six: years ago, when, of course, Johannesburg was little thought of. 
The first attempt to form the School of Mines was made then, but 
it was not until last year that ·the Parliament saw the necessity for 
it, and a scheme was drawn up and sanctioned. The course of 
study was to be divided into three parts-(lst) The theoretical pad, 
which was to be carried out in connection with the South African 
College, and would last two years. There were great advantages 
for the present in carrying out this work in connection with an old 
and well-established institution like the South African College. 
(2nd) One year's practical work at Kimberley, where the principal 
subjects of study would be mine surveying, mine engineering, etc. 
(3rd) One year's practical work a.t J ohanne~burg, where the students 
would study the mines. This would complete the whole course of 
foul' years, at the end of which the students would take their 
diploma. One of the most important things they had had to con
sider was the question of admission. Some wanted the· examination 
for entrance to the School made very stiff indeed, as it is at some of 
the institutions on the Continent, where .the entrance examination 
is as stiff as that for tbe B.A. It was finally decided that in view 
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of the conditions that obtain here, and to make the arrangements 
accord with the circumstances of the country, the Matriculation 
Examination should be adopted, and that those who had not taken 
this should pass in mathematics, science, and two languages, one of 
which should be English. This year for the first time thirteen 
students had entered. Of these several had passed the B.A. Science 
Examination, others were passed surveyors, and so the students 
were peculiarly well qualified to undertake the School of Mines course. 
They had so far gone through the first six months of the theoretical 
course, and had done so 'well that in another year, that was by next 
July, they would be able to proceed to Kimberley, and come on 
to Johannesburg in two years' time. 1\'[1' Crosse had mentioned 
that the school must ultimately come to Johannesburg, and with 
this he entirely agreed. When the idea was first mooted, seven 
years ago, of course that .was not possible, the place practically did 
not exist; but now it was permanently established, and was grow
ing wonderfully. He was himself surprised at the changes he 
obflerved since his previous visit, eighteen months ago. The School 
must ultimately come to Johannesburg, but for the present it was 
best at Cape Town, at the South African College, where they could 
give the thorough theoretical training. Then at Kimberley the 
students would get underground work, surveying, and mechanical 
engineering. Theil Johannesburg, and then the diploma. This 
could be followed with advantage for some years, but he saw 
clearly that Johannesburg was the place the school would have to 
come to. 

1\'[1' Butters asked· what the course was to be at Johamiesburg. 
Dr Hahn said he had been discussing this with 1\'[1' Lionel 

Phillips and 1\'[1' F. Eckstein, but the place was developing at such 
a rate that it was impossible now to arrange what should be done in 
two years' time. 1\'[1' Liouel Phillips had told him that the students 
would be attached to mines, and that every facility would be 
given. They would be able to do this, as the students would, 
from their training, be able to take up the practical work very 
rapidly. 

The President said that all would be very much interested in 
Dr Hahn's statement, for many of those present had come to the 
Rand to stop, and such a matter as the establishment of a School 
of 1\'[ines was most impol'tant. As there was yet time, perhaps 
some present would like to make a few observations on 1\'[1' Lee's 
paper. 

Mr Butters asked Mr Lee if any difficulty had been found in 
wetting the ore after crushing. He had used a Grusenwerk mill 
for salt and manganese, and had found great difficulty in wetting 
after grinding. 
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Mr Lee said there was a difficulty, but it was got over by using 
mixers. 

Mr Williams said he had found no difficulty at all with the ores 
from the Crown Reef series. 

1\'Ir Franklin White said he had crushed 3000 Ibs. to a 400-
mesh size, and had found no difficulty in wetting. There was a 
slight difficulty in percolation, but tha"t was due to the presence of 
the finer matter. He did not think the mill at all a suitable pro
cess, and the paper on dry crushing was most opportune. He 
would like to ask the President, as a chemist, whether the Chemical 
and Metallurgical Society could define the term "slimes"? As 
chemists they should, aboye all things, be accurate in their use of 
terms, but Mr Williams and Mr Butters had both spoken of soluble 
gold, and each evidently attached a different meaning to the 
term. . 

Mr Butters said he had meant gold in solution, and should, 
perhaps, haye said a salt of gold. He would like to ask Mr Lee 
about the expenses of the dry crushing. Did the 2s. 7d. cover the 
whole cost, including machinery, and how much was for crushing, 
how much for amalgamation? . 

Mr Lee said the 2s. 7 d. a ton was the total cost, including every
thing, and was arrived at from the ayerage from three years of the 
figures of the half-yearly returns. He could not speak as to the 
cost of crushing or of amalgamation. 

Mr yon Gernet said he would like to haye a description of the 
magnetic separator. 

Mr Lee said it was merely a travelling belt passing between the 
poles of a powerful electro-magnet, and, as he had said, was not very 
satisfactory. It was used chiefly for the silyer ores. 

Mr Pearce asked what the 8 per cent. consisted of which was 
said to be attracted by the magnet along with the iron? 

Mr Lee said the 8 per cent. was of the same yalue as the 
rest of the ore. It was carried out in the magnetic field with 
the iron. 

Mr Butters said with reference to the definition of slimes asked 
for, that he had in seyeral cases made a determination· of the 
amount of silica, and had taken the finest slimes, and had found 
them practically all clay-yet containing 80 per cent. of silica. 

Mr Crosse said he had made an analysis of some slimes for Mr 
Blltters from the Robinson, and had found 72 per cent. of very fine 
silica. Ordinary Johannesburg bricks, instead of containing 25 per 
cent. of alumina, contained only 9 per cent. 

Mr Bettel said he had adopted a purely arbitrary scale, and 
defined slimes as that part of the crushed one which would pass 
through a 50,000 mesh. 

L 
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Mr Williams said he would call slimes the clayey part of the 
ore with some silica. 

Mr Butters was of opinion that this should be reversed, and that 
slimes were silica carrying some clay. 

The subject of a definition was further discussed conversationally, 
but no definite decision was arrived at. 

The President announced 'that the next meeting would be held on 
the 17th Augnst, and the proceedings terminated. 
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XVI 

A PAPER read before the Chemical and Metallurgical Society, 
Johannesburg, S.A.R., August 17th, 1895, by W. Bettel, Consult
ing Chemist and Metallurgist. 

ON THE TECHNICAL ANALYSIS OF CYANIDE 
WORKING SOLUTIONS 

For some time past I have felt the need of some quick method of 
analysis which would in a reasonable time give the composition of 
working cyanide solutions so that the chemist-in-charge, or the fore
man, in a cyanide works could trace to its source any irregularity 
in the working of such solutions with a view to its correction. 
After many fruitless trials I have pleasure in drawing your atten
tion this evening to some volumetric processes, which, although not 
all that could be desired; are still sufficiently accurate to be used for 
technical work, and have this advantage, that the work may be 
performed by men who have not had the advantage of a technical 
or scientific training. I do not lay claim to any novelty in this 
analytical process, it is merely pieced up from well-known analytical 
methods and chemical reactions; but, nevertheless, I hope it will be 
useful to those of our members who have to examine cyanide solutions. 

It is necessary to state at the outset that my remarks have re
ference to the MacArthur-Forre!'lt working solutions containing zinc, 
an element which complicates the analysis in a truly surprising 
manner. Before dealing with the analysis proper, I will draw your 
attention to the peculiarities of a solution of the double cyanide of 
zinc and potassium, usually written K 2ZnCY4. As i~ stated in 
works on chemistry, this cyanide is alkaline to indicators. Now here 
lies the peculiarity. To phenol-phthalein the alkalinity as tested 
by Fo acid is equal to 19·5 parts of cyanide of potassium out of a 
possible 130·2 parts. With methyl-orange as indicator, the whole 
of the metallic cyanide may be decomposed by ~ acid, as under; 

K 2ZnCy 4 + 4HCI = ZnCl2 + 2KCI + 4HCy. 

On titration with nitrate of silver solution the end reaction is pain· 
fully indefinite. If caustic alkali in excess (a few c.c. normal soda) 
be added to a known quantity of potassic zinc cyanide solution, 
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together with a few drops. of potassic iodide, and standard silver 
solution added to opalescence, the reaction will indicate sharply the 
total cyanogen present in the double cyanide even in presence of 
ferro-cyanides. If to a solution of potassic zinc cyanide be added 
a small quantity of ferro-cyanide of potassium and the silver solu
tion run in, the flocculent precipitate of what I snppose to be normal 
zinc ferro-cyanide (Zn2FeCYG) appears; the end reaction is fairly 
sharp, and indicates 19'5 parts of cyanide of potassium out of the 
actual molecular contents of 130'2 KOy. If, however, an excess of 
ferro-cyanide be present, the flocculent precipitate does not appear, 
but in its place one gets an opalescence which speedily turns to a 
finely granular (sometimes slimy) precipitate of potassic zinc ferro
cyanide K 2ZngFe20Y12' This introduces a personal equation into 
the analysis of snch a solution, for if the silver solution be added 
rapidly the resul ts are higher than if added drop by drop, as this 
ferro-cyanide of zinc and potassium separates out slowly in dilute 
solutions alkaline or neutral to litmus paper. 

This ferro-cyanide is decomposed by 

(a) Potassic, sodic or calcic cyanide, &c., 
(b) Potassic or sodic hydrate, 
(c) Potassic or sodic carbonate, 

as shown by the following equations :-

(a) K 2Zn3Fe2Cy 12 + 12KCy = 2K4FeCy G + 3K2ZnCy 4' 

[This equation is proved by mixing a solution of potassic zinc 
cyanide with one of potassic ferro-cyanide; no precipitate occurs. 
Potassic zinc ferro-cyanide is dissolved by cyanide solution.] 

(b) K2ZngFe2CY12 + 12KHO = 2K4FeCy 6 + 3ZnK20 2 + 6H20. 

[Potassic zinc ferro-cyanide is readily dissolved by caustic alkali. 
If potassic (or soelic) zinc oxide in solution be added to potassic 
ferro-cyanide no precipitate occurs even in absence of free alkali.] 

(c)K2Zn gFe2CY12 + 12Na2COg + 6H20 = 2KNagFeCYG + 12NaHCO;; 
+3ZnNa20 2• 

[This is similar to the (b) reaction, with the difference that 
carbonates are converted into bi-carbonates.] 

I will now draw your attention to the equations involved in the 
reaction previously described. . As the percentage of alkalinity is 
definite, and consists of a portion of potassic cyanide loosely com
bined with zinc cyanide more firmly united with less potassic cyanide 
than corresponds with K 2ZnCY4' I venture to propose for provisional 
aeloption the following equations representing the nentralising of 
K 2ZnOY4 by acid and silver nitrate respectively:-
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(a) 10K2ZnOY4 + 3H01= 3HOy + 3KOI + [(ZnOY2\o,(KOY\7J. 

(b) 20K2ZnOY4 + 3AgN03 = 3KAgOY2 + 3KNOx 
+ 2[(ZnOy 2)lO,(KOY)liJ. 

Here is a point for investigfttion, aH to whether there is more 
than one definite, crystc'1,llisable salt containing K, Znand Oy; 
neutral to phenol-phthalein, and soluble in water, or whether 
ZnOY2 is soluble in a solution of K 2ZnOY4 and produces neutrality 
to phenol-phthalein. 

For the estimation of free hydrocyanic acid I have made use of 
Siebold's ingenious method for estimating alkalies in carbonates and 
bi-carbonates, by reversing the process, adding bi-carbonate of soda, 
free from carbonate, to the solution to be titrated for hydrocyanic 
acid ano, free cyanide. This is the one instance where hydrocyanic 
acid turns carbonic acid out of its combinations, and as such is 
interesting. 

2KHOO,1 + AgNOg + 2HOy = KAgOY2 + KN03 + 2002 + 2H20. 

I will now proceed to describe the method of analysis :-

1. FREE OYANrDE.-50 C.c. of solution is taken and titrated with 
silver nitrate to faint opalescence or first indication of a flocculent 
precipitate. This will indicate (if sufficien t ferro-cyanide be present 
to form a flocculent precipitate of zinc ferro-cyanide) the free cyanide, 
and cyanide equal to 7'9 per cent. of the potassic zinc cyanide present. 

2. HYDROCYAXIC ACID.-To 50 C.c. of the solution add a solution 
of bi-carbonate of potash or soda, free from carbonate or excess of 
carbonic acid. Titrate as for free cyanide. Deduct the first from 
the second result. 

Diff. = HOy. 1 C.C. AgN0
3 

= O'O~145 = 0'00829 % HOy. 

3. DOUBLE CYANIDEs.-Add excess of normal soda (caustic) to 50 
c.C. of solution and a few drops of a 10% solution of K1, titrate to 
opalescence with AgNOg. This gives 1, 2, and 3. Deduct 1 and 2. 
Result = K 2ZnOY4 as KOy less 7'9 per cent. 

A correction is here introduced. The KOy found in 3 is 
calculated to K 2ZnOY4' Factor: KOy (as K 2ZnOY4) x '9493 = 

K oZnOY4' Add to this 7'9 per cent. of total, or for every 92'1 
pa~ts K~ZnOy 4 add 7'9 parts. If this fraction calculated back to 
KOy be deducted from 1, we get the true free cyanide (calculated 
to KOy). 

4. FERROCYANIDES AND SULPHOCYANIDEs.-In absence of organic 
matter, I have found that an acidified solution of a simple 
cyanide, such as KOy, or of a double cyanide (as K 2ZnCY4) (i.e., 
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solution of HOy) is not affected by dilute permanganate. On 
the other hand acidified solutions of ferro-cyanides and sulpho
cyanides are rapidly oxidized, the one to ferri-cyanide, the other 
to H 2S04 + HOy. 

2K4FeCyo + 0 + H 2S04 = KoFe2CY12 + K 2S04 + Hp. 
2KCNS + 2H20 + 302 = 2KHS04 + 2HCy. 

If now the ferrocyanogen be removed as Prussian blue, by ferric 
chloride in an acid solution, the filtrate will contain ferric sulpho
cyanide and hydric sulpho-cyanide, both of which are oxidized by 
permanganate as if iron were not present j by deducting the smaller 
from the larger result we get permanganate consumed in oxidizing 
ferro-cyanide, the remainder = permanganate consumed in oxidising 
sulpho-cyanide. 

The method of analyses is as follows (in presence of zinc) :-A. 
burette is filled with the cyanide solution for analysis, and run 
into 10 or 20 C.c. l~O K2Mn20S strongly acidified with H 2S04 until 
colour is just discharged. Result noted (a). 

A solution of ferric sulphate or chloride is acidified with H 2S04 

and 50 C.c. of the cyanide solution poured 'in. After shaking for 
about half a minute the Prussian blue is separated from the liquid 
by filtration and the precipitate and filter paper washed. The fil-

trate is next titrated with l~U K 2Mnps (b). 
Let 0 = c.c. permanganate required to oxidize ferro-cyanide. 
Then a - b = o. 

(0) 1 c.c. l~O K2Mn20s = '003684 gramme K 4FeOYG' 
N (b) 1 C.c. iOo K2Mn20S = '0001618 gramme KONS. 

,? OXIDIZABLE ORGANIC MATTER IN SOLUTION.-In treating 
spruit tailings, or material containing decaying vegetable matter, I 
offer the following method for testing coloured solutions :-

(a) Prepare a solution of a sulpho-cyanide, so that 1 C.c. sulpho

cyanide = 1 C.c. l~O K2Mn20S' 

(b) To 50 c.c. solution add sulphuric acid in excess, and then a 
large excess of permanganate i~' Keep at 60°_70° C. for an hour. 
Then cool and titrate back with the KONS solution. 

Result = O2 consumed in oxidizing organic matter. 
+ O2 ,, "K4FeOyo' 
+02 " "KONS. 

After estimating KONS and K4FeOyO a simple calculation gives 
the oxygen to oxidize organic matter. This result multiplied by 9' 
will give, approximately, the amount of organic matter present. 
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In order to clarify such organically charged solutions, I shake 
them up with powdered quicklime and filter j the solution is then 
of a faint straw colour, and is in a proper condition for analysis. 
In such clarified solution the oxidizltble organic matter is no longer 
present, and the ferro and sulpho-cyanogen estimations are readily 
performed. 

6. ALKALINITY.-Potassic cyanide acts as caustic alkali, when 
neutralized by an acid j th~ en'd reaction, however, is influenced to 
some extent by the hydrocyanic acid present, and is therefore not 
sharp. We can, however, estimate 

N acid 100 % KCy 

} 10 
N 

With phenol-phthalein 

10 acid 7'9 % of K 2ZnCy 4 as indicatol·. 

by 
N acid 100 % of zinc in K 2ZnCy 4 } iii With methyl-orange as 
N 

acid 100% of Zn + Kin ZnK20 2 

indicator. 
10 
N 

acid. The K 20 in ZnK20 2 } With phenol-phthalein 
\.10 as indicator. 

It will be necessary to point out the decompositions which 
result from adding alkali, or a carbonate of an alkali to a working 
solution containing zinc. 

K 2ZnCY4 + 4KHO = ZnK20 2 + 4KCy + 2H20 . 

. K 2ZnCy 4 + 4N a2C03 + 2H20 = 2KCy + 2N aCy + ZnN a20 2 

+4NaHC03• 

Bicarbonates have no action upon potassic or sodic-zinc cyanide. 

Potassic-or sodic-zinc-oxide (in solution as hydrate) acts as an 
alkali towards phenol-phthalein and methyl-orange. 

ZnKp2 + 4HCl = 2KCl + ZnCl2 + 2H20. 

Calcic and magnesic hydrates decompose the double salt of 
K 2ZnCY4 to some extent, but not completely, so that it is possible 
to find in one and the same solution a considerable proportion of 
alkalinity towards phenol-phthalein due to calcic hydrate in pre
~ence of K 2ZnCY4' 

The total alkalinity as determined by ~ acid with methyl-orange 
as indicator gives, in addition to these before mentioned, the bi-car
bonates. If to a solution containing sodic biocarbonate and potassic 
zinc cyanide, be added lime or lime and magnesia, the percentage 
of cyanide will increase, the zinc remaining in ~olution as zinc 
sodic oxide. 
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7. FERRICYANIDE ESTIlIIATION.-This is effected by allowing 
sodium amalgam to act for 15 minutes on the solution in a narrow 
cylinder, then estimating the ferro-cyanide formed by permanganate 
in an acid solution. Deduct .from th~ results obtained the ferro-

cyanide and sulpho-cyanide previously found, 1 C.c. l~O permanganate 

= '00:1293 gramme K 6Fe20Y12' 

SULPHIDES.-It rarely happens that sulphides are present in a 
cyanide solution; if present, however, shake up with precipitated 

carbonate of lead, filt~r and titrate with permanganate &0. The 
loss over the previous estimation (of K 4FeOY6, KONS., etc.) is due 
to elimination of sulphides. 

N 
1 C.c. iUo K 2Mn20 S = '00017 gramme H 2S 

or 1 " " = '000.55 " K 2S 

the hydrogen alone being oxidized by dilute permanganate in acid 
solution where the permanganate is not first of all in excess. 

9. AMMoNIA.-If sufficient nitrate of silver be added to a solution 
(say 10 c.c.) to wholly precipitate the cyanogen compounds, and a 
drop or two of normal hydrochloric be added in addition, the whole 
made up to 100 c.c. and shaken, then filtered, and 10 c.c. filtrate 
distilled with 150 c.c. water from a tubulated flask, and the steam 
condensed in a ~iebig's condenser (glass), the ammonia coming 
over may be readily estimated by colour test with Nessler solution -
and comparison with distilled water free from ammonia and 
standard ammonic chloride solution containing '01 gra~s NHg per 
litre, treated with Nessler solution. 

Then 10 c.c. taken diluted to 100 C.c. 

10 cc. " from 100 C.c. = 1 c.c. original. 

= 1,000 milligrams, then every 1 c.c. standard solution of am

monic chloride taken = '001 % NHg• 

UREA, OXAlIIIDE, FORlIIATES, AND OYANATES.-I am still investi
gating methods for the determination of these substances. 

Although these reactions and processes take some time in describ
ing, the whole of the operations can be performed within one hour, 
and once the operator has a practical knowledge of the process, the 
results, provided he is I:;ure of the accuracy of the titre of his stock 
sol utions, are most accurate. Most valuable information can in 
this way be obtained. I give a few instances of the analysis of 
working solutions ::........ 

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
)



Technical Analysts of C)'amde Working Soluttons r69 

1. Solution (originally KCy) in contact with clean pyrites from 
Robinson concentrates for twenty-eight months with a limited 
supply of air :-

Potassic ferro-cyanide 
Potassic sulpho-cyanide' 
Potassic cyanide 
Potassic carbonate _ 
Potassic formate present but not estimated. 
Ammonia 
Sulphides, absent. 
Sulpbates, considerable, not estimated. 

';7 % 
" 

'14 
'005 " 
-33 

'21 
" 

2. Solution from treating dry crushed Robinson Gold Mining 
Company's ore without addition of neutralising agents after passing 
through zinc box :-
, Potassic cy'anide 

Potassic zinc-cyanide 
Potassic zinc-hydrate 
Potassic ferro-cyanide 
Potassic sulpho-cyanide 
Potassic bi-carbonate 
Ammonia. 

0'08b % 
0'25 

" 0'15 
0-074 " 
0-004 
0'566 " 
0-008 " 

3. As above, but with use of lime, not passed through ZlllC 

box:
Potassic cyanide (original 0'3 %) 
Potassic ferro-cyanide 
Potassic ferri-cyanide 
Potassic sulpho-cyanide 
Ammonia. 
Calcic hydrate 

0'24 % 
'Frace. 
0-033 " 
0'008 " 
0'003 " 
0-067 " 

4. As in No_ 2, but with lime III small quantity, after passing 
zinc box:

Potassic cyanide (original 0-45 %) 
Hydrocyanic acid 
Potassic zinc cyanide 
Potassic ferro-cyanide 
Potassic sulpho-cyanide 
Potassic sulphate 
Potassic biocarbonate 
Ammonia. 

0'23 % 
0'04 " 
0'154 " 
0-059 " 
0'004 " 
Nil. 
0-547 " 
0-006 " 

It will be unnecessary to quote more analyses. A better 
way will be for chemists and cyanide works managers to adopt 
the process and compare results from analysis of their different 
solutions. 
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THE President said the next subject was Mr Bettel's reply to the 
criticisms on his valedictory address, which the Secretary would 
read for him. He would only remind members of the Society that 
this was a final reply, and not open for further discussion. 

The Secretary then read, on Mr Bettel's behalf, the following 

REPLY TO THE CRITICISMS ON HIS VALEDICTORY 
ADDRESS 

It was with feelings of surprise and regret that I listened to 
the unnecessary personalities indulged in at the last meeting of 
this Society. I had fondly' imagined that the delicate susce,pti
bilities of some of the members would be soothed, and not 
irritated by my remarks, which were made in good faith and 
without personal bias. Mr Williams, not content with attempting 
to damage the reput.ation of a brother metallurgist, deliberately 
makes misleading statements, and, like the Devil quoting Scripture, 
only quoted that part of my statements 1'e concentration in my 
inaugural address which suited his purpose. If the members will 
refer to my inaugural address; they will find that I was in favour 
of classification by spitzlnten-in fact the paragraph in the Concen
tration Committee's report-quoted by Mr Williams, was the only 
part of the report 1 thought worth printing; but this is ancient 
history, and I only refer to it to prove that I have not eaten the 
leek, which is not my national diet. I therefore leave Mr Williams 
to eat his favourite vegetable, and trust his digestion will not suffer 
in consequence. With regard to "double treatment," this is " on 
I'fl,per" part of the Siemens-Halske process as described in their 
Transvaal patent. It is there directed to moisten the ore with 
cyanide solution exposed in shallow trays to the action of the air, and 
when the gold is dissolved to place the material in vats and leach 
out the gold solution with water. I quote from memory, but the 
quotation is substantiallyaccnrate. It was manifestly impossible in 
practice to adopt precisely the suggestion of the in ventors, but'to all 
intents and purposes the method of double treatment, consisting as it 
does of a method whereby more oxygen can be brought into contact 
with the ore moistened by cyanide solution in a given time than 
can be done by the usufl,l method, is carrying out the spirit, if not 
the letter, of the method given in the Siemens and Halske patent. 
I fail, therefore, to realise the advantage of hair-splitting indulged 
in by Mr McBride, who admits that direct treatment was tried 
at the Langlaagte Royal and failed, and the residues were subse
quently re-treated by cyanide. If that is not double treatment, I 
should like to know what is. The whole matter was talked over 
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between the general manager, Mr Laurie Hamilton, and myself 
long be'fore direct treatment was tried, and I advocated under 
certain conditions a preliminary treatment with weak cyanide 
solution, and quoted successful results of experiments on Robinson 
concentrates treated by the method proposed in the Siemens-Halske 
process (Transvaal patent). 

The President-Dr Loevy has now a matter of importance to 
bring to the notice of the Society. 

Dr Loevy said it was indeed a matter of some interest to him
self, as well as to the Society, about which he had talked to the 
President, and which he now desired to acquaint the Society with, 
A few weeks ago some dispensing chemists were summoned for 
having unlawfully sold cerLain poisons cn-lled "Death to Rats" and 
"Rough on Rats." He had been called on to perform an analysis 
of the substance called" Death to Rats." He found that the sub
stance was simply commercial arsenious acid containing up to 
95 per cent. arsenious acid mixed with chalk, charcoal, iron, etc. 
The case came on in Court, and when he was called as chemical 
expert he gave his evidence, and said that a very small quantity of 
the substance, two grains even, would be sufficient to kill n- man. 
He lmd thought thn-t the dispensing chemists would have been 
ren-sonn-ble enough to have admitted this, but, no, they were deter
mined to contend thn-t arseniolls acid was no poison, and got for 
the defence two able men, Mr Canisins, a lawyer, and a " chemical 
expert." The former asked a number of strange and peculiar 
questions as to the methods that he (Dr Loevy) hn-d pnrsued in 
his examination to prove the presence of arsenic. Amongst the 
questions put was one as to whether he had made use of 1\'Iarsh's 
test for arsenic, or Reinsch's. (Laughter). Both most delicate 
tests would reveal the presence of the thousandth part of a 
grain, and this was a substance that was nearly pure arsenic. In 
,hort, the dispensing chemists did not acknowledge his evidence, 
and, through their lawyer, contended that a man could take a 
whole box without getting sick of it. He had there an original 
box. of the substance with all its labels intact, and he would ask 
them to notice the warnings on thos~ labels as to its use, and also 
that even the necessary antidotes to the poison were given on the 
labels in case any of it was swallowed in mistake. However, ill 
order to prove that a man could swallow a whole boxful of the 
substance with impunity, the dispensing chemists called a Mr 
Dinwoodie, who said he was a chemist of long experience, and had 
made a qualitative analysis of the substance-not a quantitative 
analysis, it should be remembered. This chemical expert stated 
that owing to the substance containing 30 per cent. of an emetic 
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powder, it W:1S not dangerous, because even if it were swallowed it 
would be at ollce vomited up. It would, however, be fatal to rats, 
because they could not vomit, from their physiological structure. 
Mr Dinwoodie, therefore, contended that this was the most harm
less poison that could be sold by chemists. Mr C:1nisius, in con
cluding his case, made :1 very fine speech, in the course of which he 
endeavoured to prove that the arsenic in the preparation would not 
be in the le:1st poisonous. N ow he (Dr Loevy) contended that 
the contents of the boxes labelled" Death to Rats" was simple, 
common, commercial :1rsenic, mixed with :1 little charcoal, and, 
further, that the contents of one of the four-ounce boxes would 
be sufficient to kill a thousand grown-up people. There was no 
antimony in the contents of the boxes whatever. Of course if a 
very large quantity of arsenious acid was taken, there would always 
be found a trace of antimony as :1n impurity present, but only a 
trace. He would go further, even if the boxes contained 30 per 
cent. of emetic powder that alone would suffice to kill. Dr Loevy 
then read :1 series of extracts of cases in which varying small 
quantities of emetic powder had alone caused de:1th. He desired, 
in conclusion, to ask whether it was not due to the Society to 
prevent people giving such evidence, and then to prel'ent the judges 
from being humbugged in this manner. 

The President considered that Dr Loevy had a perfect right to 
bring the matter before the Society. vVhen a man showed in such 
an unmistakable manner, as Dinwoodie had done, that he was a 
charlatan, he should be S,tt upon. He would add his testimony. 
He had himself examined the contents of :1n original box on which 
all the labels were unbroken when he re.ceived it. He found the 
box to contain the amount of ordinary commercial arsenious acid 
that Dr Loevy had s:1id, with no trace of antimony. It was a 
most deadly poison. How any man· could say th:1t such a sub-
stance was harmless he could not conceive. "-

Mr Bettel said he :11so had examined the "Death to Rats," of 
which he also had received an original box with all the labels com
plete. He found it to contain 94 to 95 per cent. of arsenious acid, 
and the residue chiefly ar.'3eniates :1nd itrsenite of iron. It was 
simply common commercial arsenic, and Dr Loevy was perfectly 
right. There was no appreciable quantity of antimony. He 
thought the expel't who gave evidence for the defence must have 
been a quack. 

The President then citlled for any remarks or criticisms on the 
paper read by NIr Clifford 'V. Lee itt the last meeting on "Dry 
Crushing in Chili." 

:M:r A. von Gernet asked if any work had been done in Chili 
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with any o,ther grinding machines thi1l1 those Me, Lee had de
scribed, viz., the Grusenwerk mills, or had these been adopt"ed 
straight away? 

Mr Lee-The Krom rolls were tried, but owing to the hardness 
of the ore the rolls became quickly worn in grooves. Various 
kinds of crushers and stamp mills were also tried, but they, too, 
failed. 

Mr A. von Gernet asked if the dry crushing with the rolls did 
not give less iron 7 

Mr Lee could not say. The ore was altogether too hard for the 
rolls, and, further, more power was required to drive the rolls lind 
the stamp mills. They had also tried Jordan's centrifugal process. 
Of this they had a complete outfit, but in a fortnight all the castings 
and parts were broken. 

Mr A. von Gernet-Were any kinds of rock-breakers used? 
Mr Lee-Only for the larger pieces. It was found advisable to 

feed into the ball mills pieces of 4 to 5 inch cube. A better result 
was obtained from that size. 

M r Irvine-You say all other types of mills were abandoned in 
favour of Grusenwerk mills; does it apply to all ores? 

Mr Lee said he believed the silver ores, &c., of Iquique were 
softer, but his paper had only applied to the hard Chilian ores, of 
which he had had experience. The Grusenwerk mill could turn 
out a larger quantity of crushed ores than any other process. 

Mr Williams asked if any difficulty had been experienced with 
the specially hard lumps becoming rounded, and then acting like 
the balls themselves and not being gronnd further. 

Mr Lee had not come across any such instances. He had known 
a case where only 70 tons of the hard ore had been passed through 
a jaw crusher and had worn the iron completely flat. 

Mr Williams said he had found the harder pieces form like tJ.1e 
balls themselves in a small mill he had experimented with, and 
then it was impossible to crush finer. 

Mr Lee said this might perhaps happen with the small mills, btit 
not with the larger ones. 

Mr Irvine asked whether the size of ore most suitable for feeding 
into the Grusenwerk mills would go into the ordinary mortar box? 

Mr Lee said the best size was 4 to 5 inch cubes, a little larger 
than was fed to the batteries. 

Mr A. von Gernet--Does moisture make any difference ~ 
Mr Lee-The heat generated in the mill drives oft the little 

moisture that may be present as steam, and this forms a thin mud 
on the screen in front, which has to be brushed off about every 
quarter of an hour. The ore was very dry, and no elaborate ap
paratus was needed for drying, but some of it was allowed to 
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remain on an iron plate heated by steam pipes for six hours before 
it' was fed into the mill. 

Mr Irvine-Was the ore taken from a dump, or straight from 
the mine ~ 

Mr Lee-Straight from the mine, it was so dry. At tha~ alti
tude rain is unknown, and the atmosphere is so dry that a piece of 
paper left out of doors for a day crackles up as though it had been 
scorched. 

}\'[r Bettel said that in the course of some experiments at the 
Robinson mine, using a 700 mesh, they found pieces of the size of 
peas coming through the joints. . 

Mr Lee had had the same experience, and had found it necessary 
to caulk the joints with lead in the same manner as in making a 
lead joint. The machines were now, however, sent out already 
packed. 

Mr yon Gernet asked if the efficiency of the mill was increased 
by feeding in finer stuff? 

M l' Lee answered No; on the contrary, it had been found that if 
orA was fed in of the size of a walnut downwards, that there was not 
the same grinding power. The balls could not have the same 
pulverising effect as when they fell from stone to stone. 

Mr Irving asked how the powdered ore was discharged from the 
mill. 

Mr Lee explained that the fall of the balls in the course of 
rotation caused a constant vibration, and that the powdered ore 
fell through a .~eries of slotted and pierced plates until that which 
was sufficiently fine passed through, and the coarser particles from 
each plate returned to the mill. 

Mr vVilliams then gave an account of some experiments that he 
had lately been carrying out with calcium cyanide, and of the 
difficulty he had experienced in obtaining a precilJit<lte of the gold 
from the calcium cyanide solution. As the resillt of a long series 
of experiments, he had come to the conclusion that t.he rate of 
solution depended upon the atomicity of the base, hut that the 
precipitation did not follow the' same rules. He had fOlliid that 
precipitation of gold from a calcium cyanide solution withont the 
aid of zinc was impossible. He had for his experiment, however, 
only used the common commercial chemicals. 

The President said this opened up a new field of investigation. 
Mr W. R. Feldtmann said he had made some eXperill}ellts with 

calcium cyanide, and had obtained results exactly opposite to those 
obtained by Mr WillifLms as rngards precipitation. Comparing the 
rates of precipit'1tion with that from cyanide of potassium, he 
had obtained a better precipitation from the calcium than from the 
potassiul1l cyanide. He did not think the difficulties MI' ,Villiams 
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Discussion on Dry Crushing 175 

had experienced had been dne to the calcium cyanide, but. to the 
impurities in the lime he had used. 

Mr W. Bettel had also· experimented with potassium cyanide, 
sodium cyanide, and calcium cyanide, and had found the precipi
tation from calcium cyanide as rapid as from potassium cyanide. 
With regard to the question of action of different cyanides on 
gold, he found that the cyanide containing the greater percentage 
of cyanogen (due to the lower combining weight of the positive 
radical) dissolved, for equal quantities of cyanogen, more gold than 
other cyanides. The "atomicity" of the base only afiects the 
question when it lowers the combining proportion of the metal. 
The order of the cyanides in proportion to their activity for equal 
amounts of cyanogen in solVtion is 

NH4Cy, MgCY2' NaCy, KCy, SrCY2 BaCY2' 

and the only cyanides which dissolve gold are th'ose whose metals 
form oxides soluble in water. 

The President said there was a question he would like to ask as 
to the rate of solubility of gold in various cyanide solutions. He 
must own that the statements made in a recent scientific article 
were not in accordance with his own observations. He had found 
that pure gold dissolved more rapidly in a 1 per cent. solution of 
cyanide than gold alloyed with 15 per cent. of silver. Could any
one say if they agreed with this ~ It was a matter of considerable 
importance on the Rand with the large percentage of silver that 
occurred with the gold, often as much as 13 and 14 per cent. 

Mr von Gernet had had some experience with this in Hungary, 
where the ores contained two or three times as much silver as gold. 
He had found that the purer the gold the less soluble. 

Mr Williams had found that with a proportion of silver up to 20 
per cent. the gold dissolved more rapidly. 

Mr W. R. Feldtmann thought it would be very interesting to 
get the percentage extraction f.·om various works as to the mill 
bullion. Then the question of the temperature at which the extrac
tion was calTied on was most important-whether there was a 
better extraction in summer than in winter, in one season than 
another. 

Dr Loevy had found that he could obtain a much better solution 
by the employment of heat. In the course of certain experiments 
at the May Consolidated it had been found that by employ
ing a solution at 40 deg. C. an extraction of 13 per cent. was 
obtained. 

Mr Bettel said a Mr Gowan had recently patented an apparatus, 
in which heat could be employed to aid solution. 

Mr W. R. Feldtmann observed that this was a most important 
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matter, for such remarkable results had been stated to follow from 
an increase of temperature of even one degree. 

The President detailed some experiments he had carried out. 
He took a 6 per cent. solution of cyanide and a strip of fine gold 
rolled and annealed, having a 'total surface of some 130 square 
centimetres. Another strip alloyed with 15 per cent. silver 
was cut to the same size, and both were placed in the solution. 
He found that the strip containing the 15 per cent. of silver lost 
much more than the other. For their next meeting he hoped M1' 
Williams would read a paper on Welsh copper smelting. 

Mr W. Bettel also hoped that lVlr von Gernet would give his 
experience of the electrical refining of copper. 

M1' 'Williams agreed to provide the papers as requested, and then 
moved that the Council of the Society consider how best to com
memorate the year of office of their late President, Mr Bettel, by 
presenting him with some memento. He had done a great work 
for the Society. 

1\'[1' von Gernet seconded. 
The President then read the names of the following gentlemen 

who had been proposed for membership :-Messr8 Geo. Melville, 
Sharcross, H. A. Miller, and Chaplain. 

This concluded the meeting. 
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XVII 

THE usual monthly meeting of this Society was held in October 
1895, in the Board Room of the Chamber of Mines, amongst 
those present being Messrs A. F. Crosse, President of the Society 
(in the chair), Alexander Mennie, E. T. Rand, G. E. Webber, 
M. Stanger Higgs, Rich. Geo. Bevington, Fernside Irvine, A. von 
Gernet, J. R. ·Williams, Dr Loevy, Alfred .James, W. Elliott, 
J. E. Clennel, J Cihn Hobart, Thornton Pettie, C. Schlunde, J. 
Gordon, and - Mackay (Hon. Secretary). 

The President said that, in the absence uf Mr Bettel, the dis
cussion on his paper on the "Estimation of Cyanide in Cyanide 
Solutions" would have to be postponed, and he would therefore 
call upon Mr Williams to read his paper on "Welsh Copper
Smelting" 

Mr vVilliams then read his paper as follows ;-

WELSH PROCESS OF COPPER-SMELTING 

Mr President and Gentlemen-When I undertook to read a 
paper on this subject, I was not aware that I had not a single note 
in my possession, so I must ask you to excuse my being unable 
to give you any figures of the cost, it being now over fourteen 
years since I worked with this process. 

At one period Swansea, South Wales, was the great seat of the 
copper industry. Ores from all parts of the world were taken 
there and sold to the smelter, I suppose from the fact that South 
Wales then possessed the great collieries of the world, and it was 
found cheaper to take the copper to the coal than the coal to the 
copper, but the discovery of the coal elsewhere has been followed 
by other smelting centres nearer to the copper mines, which has 
greatly reduced the copper output in South Wales. The ore 
smelted varied in value from 1 to 80 per cent., the compositions 
being native copper, oxides, carbonates, sulphides, and silicates. The 
ores were sold at a meeting known as the "Ticketing." Previous 
to the "Ticketing," the smelters received samples of the various 
parcels of ores to be sold. At this meeting each smelter deposited 
a slip of paper giving the price he was prepared to give for any 
particular parcel, and the highest offer obtained the parcel of ore. 

177 
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Sometimes very high prices were paid. I have known us, in cases 
when we required a particular kind of ore, which we knew would act 
as a flux for other ores on hand, to bid even above its true value in 
copper; and, again, in cases of very rich ore known to give coppel' 
of great purity, we have often paid as much as £2 per ton more 
than its true copper value. The ores were always bought by the 
Cornish Dry Assay. This process has been much written on 
and run down, but it certainly has the advantage of affording 
on a small scale results similar to those obtained in the smelting 
works, and, as on the large scale, losses occur in eliminating the 
impurities. This also applies to the dry assay. I will here just 
mention one case, which I think will clearly show its value to the 
smelter. A parcel of Spanish precipitate was delivered to the 
smelter, the value to be settled by the assayers of seller and 
smelter. I acted as assayer for the smelter, and made its value 
7 4~ per cent. The seller made his 81 per cent. The difference 
between us was so great that it was referred to a third assayer, who 
made 74! per cent., which was the price paid. By this time a 
large portion of the parcel was smelted, when the sellers came 
down very dissatisfied, resulting in the case being referred to arbi
tration. One day in passing one of our furnaces, which had been 
charged with this precipitate, the flue having been stopped for 
repairs, I noticed an unusual smoke coming from the precipitate 
which was below a red heat. On holding a damp white cloth to 
this smoke, and pouring some ammonia on the cloth, it was turned 
blue from the copper. On making nn examination of this precipi
tate, I found that 8 per cent. of the total copper was present as a 
soluble chloride, which was nearly all volatilised before it was fused. 
Here the yalue of the dry assay is clearly shown, as had this parcel 
been bought by the wet assay, 82 per cent. would have been pairl 
for it, whereas 74 per cent. was the maximum that could have 
been extracted by the smelting process. The dry ~ssay is so well 
known that description would be a mere waste of time. Wel8h 
copper smelting is conducted in six stages, viz. :-

1, Calcination of' the ore; 2, Fusion of calcined ore for coarse 
metal; 3, Calcination of the coarse metal; 4, Fusion for rich matt 
or regulus; 5, Roasting of blister copper; 6, Refining. 

CALCINATION 

This process is conducted in reverberatory furnaces called 
calciners. They are· built with very low roofs, with a capacity of 
from three to seven tons per charge. The char·ge of ore, already 
dried by suspension in a hopper 'above the roof of the furnace, is 
allowed to fall on the heated bed and is spread in thin layers over 
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Welsh Process of Copper-Smelti1zg 179 

the surface, the temperature being gradually raised, and the charge 
r>lbbled or stirred from time to time-great care being taken to pre
vent the charge from clotting, which some ores have a great tendency 
to do. By careful calcining about one half of the sulphur, with a 
large percentage of the arsenic, and a portion of the iron contained 
in the ore becomes oxidised with the production of sulphurous and 
arsenious anhydrides (i.e., S02' AS20 3), and oxide of iron respectively j. 
the first two, with some sulphuric acid, escaping with the gases pro
duced by the combustion of the fuel. The calcining is completed in 
from nine to fifteen hours, when it is introduced into the ore furnace, 
in which the bed is much smaller than in the case of the calciner, 
and the proportion of fire-grate area is much greater. 

FUSION OF CALCINED ORE FOR COARSE ~1ETAL 

The charge of ore weighs about one and a half tons, and is made 
up of about one ton calcined ore, and when available, about 5 cwt. 
of raw ores, consisting of oxides and carbonates, and also 5 to 10-
cwt. of slags from the fourth operation. Here the llIass is slowly 
melted, attended with ebullition from the escape of sulphurous 
anhydride. In about three hOllrs the charge is in perfect fusion, 
when it is raked by the furnace-man, and the temperature raised 
still higher to insure a perfect separation of the matt, known as 
coarse metal, from the slag. The whole operation is completed in 
about five hours, when the slag is skimmed out into sarid moulds, 
sometimes being remoulded and used for building purposes. The 
first mould, or that nearest the door, is usually a large one, and 
when cold, is carefully examined for shots of the matt. Should it 
contain any, it usually collects on the bottom, which is melted with 
the next charge. The regulus of coarse metal is now tapped out hy 
withdrawing the stopping of clay and sand from the tap hole, and 
the metal run into a tank containing water, where it is granulated_ 
The coarse metal has the following composition :-Copper, 30 to 31) 
per cent. ; iron, 30 to 35 per cent.; sulphur, ::l6 to 30 per cent. ; 
slags, mixed, 1 to 2 per cent. Impurities, consisting of zinc, cobalt, 
nickel, tin, etc., from '5 to 2 per cent. The slags should not con
tain more than from '3 to '5 per cent. 

CALCINATION OF THE COARSE ~IETAL 

The fusion in the last operation having removed most of the 
non-metallic portions of the ore, the metalliferous portions are now 
more readily acted upon by the oxidising influences of the calcineI'. 
The calcination is attended with the elimination of another portion 
of the ·sulphur. Calcination, however, is not carried sufficiently 
tar to remove the whole of the sulphur,a portion being retained to 
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combine with the copper for the production of a matt known as fine 
metal in the next stage. This roasting is also attended with the 
elimination of a portion of the arsenic and antimony which passes 
into the matt of coarse metal in the ore furnace. The heat f6r the 
first six hours is kept very low, but i~ gradually raised towards 
completion, which occupies about eighteen hours, the charge being 
frequently rabbled or stirred. The calcined coarse metal thus pro
duced is a reddish-black friable mass, containing sulphide of coppel' 
and iron, with oxide of iron. Roughly speaking, about one half of 
the 'sulphur has been expelled in this process of calcination. 

FUSION FOR FINE METAL 

The calcined metal from the preceding operation is melted, with 
products containing oxide of copper, such as oxides and carbonates, 
when these are available. The process is conducted much in the 
same manner as the fusion for coarse metal, excepting that the 
temperatlll'e employed is higher, and takes two or three hours 
longer. During the melting very little sulphurous anhydride is 
evolved. The reaction consists mainly of a double decomposition 
between the ferrous sulphide and the oxidi~ed compounds of copper, 
whereby oxide of iron and cuprous sulphide result, the former com
bining with the silica derived from the slags and ore added to the 
charge, as also from tIle material of the furnace. Thi~ forms a very 
fusible slag, which is essentially a silicate of iron. This is then 
skimmed from the surface into sand moulds, and the fine metal is 
tapped out, also into sand moulds. The fine metal varies in com
position. If sufficient oxide 01' carbonate of copper is available, the 
regulus is of a dark bluish-gray ~olour, known as white metal, which 
has nearly the composition of cuprous sulphide Cu 2S, and contains 
about 78 pel' cent. of copper; but if the oxidising compounds be 
insufficient to decompose the whole of the ferrous sulphide, then a 
large amount of the latter occurs in the regulus, rendering it blue in 
'colonr, when it is known as blue metal. There is also a third 
variety known as pimple-metal, from the pimply appearance of its 
surface. The following shows the analyses of white and blue 
metal:-

Copper 
Iron 
Sulphur 

White. 
78 per cent. 
7 

" 21 
" 

ROASTING FOR BLISTER-COPPER 

Blue. 
57 per cent. 
16 
23 " 

" 

Up to this stage the operations have resulted in removing from 
the copper ores the greater portion of arsenic, iron, sulphur, and 
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silica, with the production of a rich matt or regulus; a certain por
tion of the sulphur having been purposely retained in the product 
as a medium for concentrating the copper, whilst silica has had the 
effect of gradually withdrawing the iron. Roasting has for its oqject 
the removal of the remaining sulphur, arsenic, antimony, iron, and 
other impurities, some of which are volatilised as oxides, and some 
removed as silicates, passing out into the slag, with a separation of a 
more or less pure metal known as blister-copper. The active agents 
in this operation are the oxygen of the air and silica. A quantity 
of sand is always adherent to the pigs of the metal, and when 
necessary, a quantity of silica is also added. Three or four tons of 
white or blue metal from the last operation are placed on the bed of 
a reverberatory furnace, si~ilar to the last, excepting that it has no 
hopper, the pigs of metal being introduced through a side door. 
Air is also admitted to the charge during the roasting through two 
openings in the brickwork across the angles at the corners of the 
bed, near the fire-grate end. When the furnace is charged the 
heat is gradually raised, and the charge slowly melts and runs on 
the hearth, thereby exposing a large surface to the oxidising action 
of the air,' whereby a large portion of the copper is oxidised, and 
the oxide so formed reacts upon the sulphide, yielding sulphurous 
anhydride and metallic copper, thus:-

It takes about six hours to fuse a charge, when its surface is 
in an active state of ebullition due to the escape of sulphurous 
anhydride, as the result of violent action between the sulphide and 
oxides of copper. The slag is now skimmed off the copper, and 
the temperature is allowed to fall by opening the doors of the 
furnace, when the charge becomes viscolls, and its surface rises 
from the efforts of the gas to escape through the hardened crust, 
thereby increasing the surface of the metal to the oxidising 
action. After nine to twelve hours sulphurous anhydride ceases to 
come off, when the heat is again raised, and a further escape of sul
phurous anhydride takes place by the decomposition of oxide and 
sulphide of copper. During- this stage the charge is rabbled, so as 
to more thoroughly mix these substances, and in the last stage the 
doors are clDsed and the 'heat raised to the highest temperature, 
when the iron and some oxide of copper enters into combination 
with the silica, producing a fusible silicate, or slag, which is skimmed 
off, and the metal is tapped into sand moulds. This process occu
pie,s twenty-four hOllrs, and the product is known as bliste?°-coPPe?°, 
from its blistered surface. It contains from 93 per cent. to 96 per 
cent. of copper. 
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REFINING 

This form~ the last operation of the Welsh method of copper 
~melting, and has for its object the production of commercial copper 
known by various names according to its pUTity, such as tile, best 
selected, and tough cake copper. For this purpose seven to ten 
tons of the pigs of bli~ter-copper are introduced into a reverberatory 
furnace having a very large proportion of grate area. This furnace 

. has no hopper, and has no side tap hole, the bed inclining from all 
parts towards the dished portion in which the metal collects, near 
the door at the end of the furnace. The cakes of blister-copper are 
arranged on the hearth in the form of a hollow pile, reaching to the 
roof of the furnace, thus allowing free access of air amongst it 
during the period of melting. When the charge is introduced the 
heat is gradually raised, but not too rapidly, the object being to 
oxidise the metal dUTing this early I:;tage, and this is known as 
dry roasting; in about six hours the metal begins to melt, and 
the heat is continued for about twelve hours longer, during 
which time the more oxidisable metals, such as arsenic, iron, tin, 
antimony, with sulphur and some copper, have been converted into 
oxides. The arsenic and ~ul phur are converted into anhydrides, 
and escape with the products of combustion. In order to separate 
the remaining oxides the temperature is increased when the surface 
of the copper becomes eoverecl with a hard scoria or slag. This slag 
is raked off, and the metal is rabbled for one to foul' hours, or until 
it is what is known as "quite dry," being in this stage satUTated 
with cuprous oxide. The surface of the metal is now covered with 
anthracite coal, or charcoal, to prevent its further oxidation, ancl 
poles of green wood are thrust beneath the surface of the metal. 
This is known as poling the copper, and while this is going on, samples 
of the metal are taken out at intervals, and tested for malleability 
by hammering into a plate and bending in a vice. When the tests 
indicate that the metal has acquired the necessary toughness it has 
a salmon-red colour and silky lustre j the poles are now withdrawn, 
and the casting of the metal commences. In this opemtion the 
copper is ladled from the fUl'llace in ladles lined with fire-clay ancl 
cast in the desired shaped moulds. If granulated metal is required, 
it is poured into hot or cold water, with a production of bean and 
feather shot respectively. 

BEST SELECTED COPPER. 

The copper used in the manufacture of the ~est kind of brass, or 
Muntz-metal, such ai:; is used for sheathing ships, gun-metal, etc., 
etc., is of the purest variety. It is always prepared from the 
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purest ores, which also undergo a special process known as selection. 
The copper is known as B.S., 01' best selected. For this purpose 
the pigs of w hi te 01' blue met1tl undergo another process before 
I'oasting, The operation is carried on so as to allow about one
quarter of the metal to be I'educed to the metallic state, when it is 
tapped ft'om the furnace, The metallic portion is easily separated 
from the matt when cold, and is a very impure copper known as 
Tile Copper. This melting and casting is sometimes repeated a 
second time. In this manner about one-half becomes tile copper 
a,nd the other half best selected, This copper should not contain 
more th1tn l'S per cent. of either arsenic, antimony, or bismuth, 
Copper containing 99'S pel' cent. of COPPel', if the other '2 is made 
up of antimony, is quite unfit for the manufacture of :NIuntz-metai. 

NIl' A. von Gernet then read his paper ltS follows :-

THE ELECTRIC REFINING OF COPPER 

Mr Chairman and Gentlemen-Having been invited to read a 
paper on " Electric Refining of Copper," T shall be glad to give you 
some dat1t on this subject, but must ask you to excuse me if the 
information I have to bring before you is not the latest, as I have 
not had occasion to deal with this matter for several years, a,nd 
doubtless as many improvements have been made in this as in 
other branches of metallurgy, The fact that metals can be pre
cipitated and separated by an electric current has long been known 
to science, but it. is only since the invention of the dynamo that it 
has been possible to carry out electrolysis on a practical scale, The 
electric-refining of copper-matt and black copper has now been in 
use for about twenty ye1trs, and has l1ttely rapidly come into 
general use, as it furnishes a very pure copper suita,ble for wires 
employed in electric lighting and transmission of power j and, 
secondly, becltuse it is the cheapest method of separating the 
precious metals from copper. The theory of the process is briefly 
as follows :-The impure copper anode is placed in an acid solution 
of sulphate of copper, and connected with the positive pole of a 
dynamo, whilst the llPgative pole is connected with the cathode-a 
pl1tte of pure copper suspended in the same vessel. At the anode 
thfl copper is oxidised lwd forms sulpha,te of copper, while metallic 
coppel' is deposited at the cathode. Before describing the practical 
working of the process, it is necessary to give some theoretical data 
and figures. It is well known that in every chemical action hflat 
and electric energy al'e consumed or developed. The alllount of 
electrical energy developed is proportional to the heat resulting 
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from the chemical reaction. The very exact and valuable deter
minations by Thomson and others of the heat developed in 
chemical reactions and expressed' in calories form the basis of 
electro-chemistry. Taking, for instance, a Daniell's element, con
sisting of zinc in a solution of zinc sulpbate and copper in a solu
tion of copper sul]Jhate, in dissolving metallic zinc 106,09 ° calories 
are developed, in precipitating copper 55,9 GO calories are consumed j 
the difference, 50,130 calories, represents the electric energy pro
duced by a Daniell's element. The Daniell's element having an 
energy of 1'12 volt, we find that one volt is equivalent to 44,759 
calories. On the same lines it is possible to calculate for every 
chemical reaction how much electric energy it produces j and, vice 
versa, how much electric energy is required to produce a given 
chemical reaction. The simplest form of electrolytic reaction is 
that which occurs when two electrodes of the same metal are 
immersed in the same solution (for instance, copper in sulphate of 
copper). In this case there are just as many calories developed in 
dissolving the copper at the positive pole, and forming sulphate of 

. copper, as are consumed by decomposing this salt and precipitating 
the copper at the negative pole, but an excess of electric energy is 
required to overcome the resistances in the whole circuit. When, 
however, we have as electrodes two dwj'erent metals, it depends 
upon their nature whether the current introduced is resisted or 
increased by the combination. Since iron develops, in dissolving, 
a larger amount of heat than copper, an attempt was made in 
copper refinery to use as anodes coppe~' matt instead of metallic 
copper in order to utilise the energy generated by dissolving, the 
compounds of iron contained in it. An economy of power could 
be thus obtained, but the process was not successful, as the solu
tions became too rapidly charged with iron. More complications 
in electrolysis arise when a metal is to be precipitated at the 
cathode without dissolving one at the anode. The metalloid. 
liberated at the positive pole, which is not acted upon chemically, 
escapes as gas, or is dissolved in the liquor. In any case, in its 
free state it has a tendency to reproduce the original compound, 
and in doing so flevelops electric energy which acts in opposition 
to that of the depositing cnrrent. This is called "polarisation." 
Hence all electrolytic actions in which polarisation takes place 
require an additional quantity of energy in the depositing current 
to overcome the tendency to the development of reverse currents 
in the bath. In the electrolysis of alloys the various metals are 
not dissolved and precipitated at an equal rate. As a rule, that 
metal is dissolved first which develops the greatest amount of heat 
on going into solution, and that metal is precipitated first which 
absorbs the least amouut of euergy on precipitation. This law is 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



The Electric Refining oj Copper 

much influenced by varying the conditions, such as voltage, tem
perature, strength, and circulation of solutions. 

Proceeding now to the refining of copper, I must give a short 
description of the plant. The impnre copper is cast in plates, and 
placed in boxes filled with a solution containing about 15 per cent. 
of sulphate of copper, and 5 per cent. of sulphuric acid. The boxes 
are made of wood and coated on the inside with lead or tar. In 
Europe these boxes are mostly 3 feet wide, 3 feet deep, and 6 feet 
long; in the United States larger boxes are generally used, up to 10 
feet in length. The anode plates, about an inch thick, are suspended 
in these boxes by means of copper strips attached to the top of the 
plates, or by means of a cross-arm cast in the copper. They are 
supported by the sides of the box, and rest at one side on a copper 
strip, which gives the electric contact. The cathodes, consisting of 
thin copper plates, are hung between the anodes, and are supported 
in a similar way. The distance between the electrodes is about 5 
cm. The plates are connected with the dynamo, and remain in the 
boxes for two or three months until the copper is dissolved at the 
anodes and reprecipitated at the cathodes. The thin copper plates 
Ilsed as cathodes are mostly manufactured at the mineR in the follow
ing manner :-A copper plate, i-inch in thickness, coated with a 
mixture of graphite ancl oil, is used as a cathode until it is covered 
on both sides with copper to a thickness of i-inch. This thin layer 
may now be stripped off and used as a permanent cathode. The 
i-inch plate is again coated with graphite and oil, and serves again 
for the manufacture of thin plates. The solution is kept in motion 
either by injecting compressed air, or by circulation. Too violent 
motion mURt be avoided, as the slimes formed would be kept in sus
pension and might stick to the cathodes, where they would become 
coated with the freshly-precipitated copper. There is a great ad
vantage in keeping the solution warm at about 30 to 40 degrees 
centigrade, which decreases the electric resistance, and allows the 
use of a current of greater density. The electric conditions are of 
course a most important consideration. The lowest voltage used is 
about '25, while the highest is about '5. According to the voltage 
and other conditions (temperature, motion, etc.) the density of cur
rent varies from 25 to 100 amperes per square metre. One ampere 
precipitates in one hour 1'19 grammes copper (independently of the 
voltage), therefore 746 Watts, equal to 1 Hp., will produce theo
retically about 200 lbs. of copper in twenty-four hours, using '25 volt. 
-When '5 volt is used, only 100 lbs. of copper will be used in the 
same time with the same power. The denser the current the greater 
the efficiency of the plant; on the other hand high currents require 
more power for the same amount of work. It is simply a matter of 
calculation to find the most economical conditions. The figures 
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given above are sufficient for working out the size of a plant. One 
box 2 metres long, 1 metre wide, and '8 of 11 metre high, contains 
20 square metres of cathode surface, and requires in working with 
50 amperes per square metre, 1000 amper:es to deposit 65 Ibs. of 
copper per day. The working expenses vary in difterent places 
according to the cost of power, labom', etc. In the United States 
of America the costs, including depreciation, amount to 25 doIs. per 
ton of copper; in Europe they are considerably less. 

Now turning to the chemical reactions taking place during the 
process. Black copper contains more or less gold and silver, and 
sometimes a large amount of base metals, sulphur, arsenic, and 
antimony. 

1. Sulphide of copper is mostly dissolved, but if the qualltity 
present is small, it forms slimes. 

2. Monoxide of copper is dissolved. 
3. Gold, silver and platinum form slimes. 
4. Bismuth, antimony, tin, and lead, form slimes, only a small 

proportion going into solution. 
5. Arsenic is dissolved to a certain extent, and is reprecipitated 

at the cathode if thfl solution becomes too weak in copper. 
6. Iron, zinc, nickel, and cobalt are dissolved but not precipitated 

in the acid solution if there is sufficient copper and a low voltage. 
After the solution has become charged with these salts it is neces
sary to renew it. In places where sulphuric acid does not cost 
much, a fresh solution is prepared by leaching roasted copper ore 
with a weak sulphuric acid solution. In other places, where one 
cannot afford to lose the acid, the solution is regenerated in the 
following manner. The solution is electro lysed with carbon anodes 
using high voltage (3-4 volts) and great density of current. The 
copper and arsenic are precipitated completely, also a part of the zinc 
and iron, and the remaining solution is evaporated until the bulk 
of the metallic salts (iron, nickel, cobalt) crystallise out. The 
resulting strong solution of sulphuric acid is diluted and used to 
dissolve metallic copper or to extract the metal from roasted ore. 
The solution thus obtained may now be used in the refining. :M:uch 
more might be said on the subject of the electric refining of copper, 
but I must not trespass any further on your patience. I hope the 
t.ime may not be far distant when thi.~ process will be in use in this 
country, where there are plenty of copper ores containing the 
precious metals, and a great demand for copper. (Applause.) 

The President said that both gentlemen deserved the hearty 
thanks of the Society for the papers that had just been reacl. He 
might mention, as a personal reminiscence, that his own father had 
been the firRt to take out a patent, sixty years ago, for the refining 
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of copper ore by electricity. He hoped the members of the So~iety 
would excuse a little irregularity, but :M:r Alfred James was passing 
through Johannesburg, and was present in the room. Mr James 
had lately had great experience in New Zealand in the direct 
treatment by cyanide and dry crushing, and had kindly consented 
to say something about this. 

NIr Alfred James said it was a great pleasure to him to be pre
sent at the meeting, and to meet so many who were engaged in 
dealing with the metallurgical problems that present themselves on 
the Rand. He had during his stay been looking into these prob
lems to see how they differed from those presented in other parts 
of the world, and also to see what improvements had been made. 
One of these special problems was dry crushing. The other was 
precipitation by zinc from the cyanide solution. They might re
member that he was himself actively engaged in the introduction of 
cyanide fol' the extraction of gold from tailings on the Witwaters
rand, and thel'efore he had visited some of the works with very 
great interest. The chief improvement he had noticed was in the 
use of weaker solutions. At one time he saw a table showing the 
modifications that had been made in the solutions, whereby the cost 
of cyanide had been reduced from 3s. 9d. to Sd. per ton treated. 
This work had been well thought out, and was a great credit to 
the operator. Another improvement which had lessened cost was in 
the mechanical principles involved, and here what first struck him 
was the adoption of the direct filling. He remembered that when 
they first commenced cyanide there was considerable anxiety as to 
what they should do when the stock of t,tilings in the dams had 
been exhausted, but that question had been most satisfactorily 
settled. The second point was the increase in the size of the tanks. 
A s a result of these mechanical improvements, where it once cost 
Is. 6el. a ton to fill the tanks, the cost now waH infinitesimal. They 
were greatly to be congratulated on this. Anothel' matter in 
which he thought gi'eater progress should have been made was in 
the matteI' of zinc precipitation. It was not at all satisfac:tory that 
there should be over 1 dwt. of gold left in th e solutions flowing 
fronl" the zinc boxes. In other parts of the world the solutions only 
contained 2 grains per ton with strong solutions, and! grain with 
weak. He had been informed that this was due to the solutions 
contn,ining outside impurities such as lime and alumina, and that 
where there is mnch lime it is impossible to obtain a good precipi
tate. In the Mercur Company's works in the United States, the 
ore being chiefly carbonate of lime, the precipitate contains 33 per 
cent. of lime, arid yet is sllccessfully treated. Then it has been 
said, that with weak solutions the precipitation is not so easily 
effected. In the case he had mentioned, where orly half a grain 
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was left in the solution, the strength was only '005 of cyanide, and 
yet the extraction was so perfect. As matter of fact the presence 
of free alkali was absolutely necessary to prevent acid decomposi
tion. He considered that they were in these respects getting 
trouble here on a very simple ore. They must admit that the 
treatment of Rand tailings was not one of the most difficult of prob
lems, and elsewhere there was not such trouble experienced. Of 
course many troubles had been experienced, but not to such an 
extent. He thought the difficulties here were mainly due to ~heir 
using high-grade cyanide with but little alkali. An excess 
of alkali was absolu~ely necessary to the economical working 
of cyanide. Its presence was most necessary in zinc box reactions, 
otherwise there was the tendency to form acid products. He would 
now offer a few remarks upon the other point the President had 
spoken of - yiz., Dry Crushing. This had been attended with 
remarkable success in at least one part of the world, so much so 
that all the wet batteries had been converted to dry crushing. The 
principal difference, where the economy came in, was that whereas 
by wet crushing they had a double treatment and low extraction, 
by dry crushing they had one treatment and one extraction, and 
that a high one. With dry crushing they were banking 96 per 
cent. of the value of the ore, at a total cost not exceeding that for 
the treatment of tailings alone under the wet system. In this 
particular district they crushed with stamps of the same pattern as 
on the Rand, that is 900 to 950 lb. stamps at about 90 to the 
minute, and with screens of 900 mesh. The output from a hard 
tough ore was 28 cwt. a head per diem, and he might add that the 
screens were slightly inclined. There were no mechanical appli
ances for taking the crushed material from the boxes, the pulp 
being forced out by the action of the stamps. In this case, too, the 
output from a 90-stamp mill was increased by dry crushing. When 
formerly the wet crushed .ore was treated by amalgamation, it was 
necessary to employ a 3,600 mesh screen, and the output was only 
some 22 cwt. a stamp per diem. Before stamps were commenced 
there, Grusenwerk mills were used, but the ore was too tough for 
these to' operate effectually, and the wear and tear was too great, 
wbile the output was 20 per cent. less. They also found that the 
product of the ball mills was less suited to lixiyiation than that 
from a stamp mill. Even with the use of a 3,600 mesh screen 
with the ball mill, as against a 900 screen with the stamp mill, the 
extraction was in favour of the stamp mill. Only yesterday a 
member of his Company's staff had returned here from Chili, where 
he bad had considerable experience with the Grnsenwerk mill. 
Their best results had been obtained there with No.4 mill crushing 
12 tons a day with the expenditure of 12 h.p. At the Mount 
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Morgan mine rolls alone were used, all the output being crushed 
by rolls arranged in sets of three, but there it must also 'be said 
that the ore is soft and friable. He must say that he would like 
to see the rolls tried on the Rand ores, for they were the only 
medium of crushing that conld approach the present Rand rate of 
crushing 5 tons per head per diem. Dry crushing had so materially 
increased the output in the case he mentioned, that all the other 
mines in the district had adopted it also, and the result was a 
large increase of profit. "Yhen, however, they considered the dry 
crushing problem as it was presented on the Rand, they found hen> 
an output on an average of five tons, and an extraction by amal
gamation and cyanide combined of 83 per cent. A slimes treat
ment, if effectual, should increase this extraction by another 8 pel' 
cent. at a cost of 2s, 6d, a ton, which, at the value, say of Crown 
Reef ores, would bring the extraction up to 92 per cent. He might 
be wrong, and he said it with all diffidence, but he was at present 
inclined to the opinion that until dry crushing could be carried out 
at the same cost as wet, and that until the present average of 
five tons a day could be dealt with, the discovery of a successful 
slimes treatment knocks dry crushing on the head for the Rand. 
(Applause. ) 

The President said the Society was much indebted to Mr James 
for his remarks, and as he understood that Mr J ames did not expect 
to remain here very much longer, they had better make the most 
of him and ask any questions they could. 

Mr Williams said that with regard to Mr James' remarks as to 
the calcium salts in the solution, in the instance he had mentioned 
the particular one was carbonate. Here the lime is in the form 
of hydrate, not carbonate. Mr James must see that with traces of 
acid in the ore any cyanide would form hydrocyanic acid. He 
would like to know did Mr James find gold in combination with 
calcium cyanide ~ Then with regard to the precipitation, the zinc 
method is precipitation from auro-cyanide, and through their water 
difficulties the auro-cyanide was imperfectly precipitated by the 
zinc. It was impossible to compare such an ore as had been 
mentioned with the Rand ores. The average Rand ores may be 
crushed to a 900 mesh, and amalgamated, but they could crush 
the tailings to an impalpable powder. He did not think that they 
could expect to get anything like a 90 per cent. extraction, that 
is, in anything like a reasonable time, and without covering the 
Transvaal with tanks. 

Mr James said the same remark was made by the manager at 
Mount Morgan, that in using open tanks they would require acres, 
but now it was found that only the same space as before was suffi
cient. "Yith regard to the fineness of the gold, at some of 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
)



190 Chemical and Metallurgical Society of S. Africa 

mines it was very fine, but at others coarse-so coarse, indeed, 
as to be plainly visible in scales. Yet the coarse gold is being 
perfectly extracted, 93 per cent. being banked. To get over any 
difficulty, when the gold has been thoroughly tl·eated by cyanide, a 
rough concentration by blankets, etc., takes place, and by this 
further treatment the first extraction is improved. As for the 
calcium carbonate and calcium hydrate, he thought the action 
would be the same in both case,~. (No, no.) 'With regard to the 
action of zinc on auro- and am·i-cyanide, the action of the zillc in 
the zinc box was not so much between the zinc and the auro
cyanide as between the zinc and caustic potash, and the resulting 
nascent hydrogen precipitated the gold from the auric compounds. 
He noticed the tendency here to use larger zinc boxes than those 
to which he had referred. 

Mr Williams-But what about our acid water? 
Mr James-The excess of caustic alkali explains many of your 

!lifficulties, and the zinc that is used is far too friable. The best 
form of zinc to use is very fine threads as long as possible. These 
form a perfect sponge, and at the clean-up the gold comes heely 
away. Then, again, in other parts they are still using sieves, 
which I find have been discarded here. At any rate, the result 
there is bullion of 926 fineness with only some 25 parts of zinc. 

Mr Irvine said that at the Paarl Central they had had great 
difficulties, their solutions coming out richer than they went ill. 
They had tried the alkalies, potash and lime, but they did not 
help, or at least the caustic potash only helped at first. Why' was 
this? 

Mr James said he could not answer this now. Such a question 
was like a man going to. a doctor and saying he had been ill a, 
year ago, but though he was quite well now, he would like to 
know the cau~e of the illness. They knew very well what the 
difficulty was, and had got over it. (Laughter.) 

Mr Irvine said that Mr James' answer was an evasion of the 
question. 

Mr Venator said he had had some experience with the Grusen
werk Mills in Chili. They were all doing well there, and some 
mines that before did not pay at all were now paying well. 

Mr Mennie-What is the name of the mine that Mr James 
refer~ed to in the United States with the carbonate of lime ore, 
and what is the mine in New Zealand where dry crushing has been 
so successful 7 Is the ore dried before crushing. 

Mr James-The United States mine is the Mercur Gold Mine 
in Utah, the New Zealand mines are the Waihi Gold Mine and 
the New Zealand Crown Gold Mining Company. There are eight 
mills there now, all dry crushing. The ore is all thoroughly dried. 
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Altered Rules 

Mr Stanger Higgs-What is the difference m cost between 
amalgamation and cyanide, and direct cyanide 1 

Mr James--T have already answered this. The cost of cyanide 
alone is just the cost of the further treatment of tailings. I may add 
that before the dry Cloushing and direct treatment no dividend was 
paid, and now 11 dividend is paid of 20 per cent. every three months. 

Mr Mennie asked how the dust difficulty was got over with the 
dry crushing, as described by Mr James 1 

Mr James-The stamps are all boxed in, and the pulp, as it is 
forced through the screen, is all taken away direct to the cyanide 
works by a screw delivery. There, as here, there is only one area 
of delivery-viz., from the screen in front. The amount of work 
accomplished could be much increased by substituting screens for 
the back and sides of the mortar boxes. Another point in favour 
of dry crushing is the superior leachability of dry crushed ore. 
Some ores rich in clay can be lefIChed after dry crushing that could 
never be touched after wet crushing. In fact, an ore containing 33 
per cent. of clay can be readily leached after dry crushing. 

The President said they had on the Rand many wealthy mining 
corporations that reckoned their profits not metoely in thousands but 
in millions. The practical benefit to be derived from dry crushing 
could not be determined by the Society sitting round the table. It 
could only be demonstrated by actual work on the mine, and for 
this purpose the sum of five or even ten thousand pounds could be 
well spent by one of these great corporations. On a future date he 
hoped to bring forward the result of some experiments of his own, 
which were not yet nearly completed. He believed that the adop
tion or otherwise of dry crushing would be more affected by the 
degree of extraction possible to be attained, than by the medium of 
crushing, whether stamps or rolls. 

A vote of thanks to Mr A. James for his remarks was proposed 
by Mr Williams and carrit'd by acclamation. 

ALTERED RULES 

The next business was to make provision for several alterations 
in the rules of the Society which experience had proved necessary. 

Article 4 was so modified as to provide that all honorary officers 
should be exoificio members of the Council. 

Article 9 provided, inter alia, as altered, that Past Presidents 
should be perpetual Vice-Presidents of the Society. 

Article 10 dealt with the filling of vacancies upon the Council, 
caused by death or retirement. It was added that a member 
neglecting to attend three consecutive meetings might have his 
appointment to the Council cancelled. 
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Under the new aspect of Article 11, the election of new members 
to the Society was made a more formal business than it had been 
hitherto. 

Art. 19 was slightly altered. 
Art .. 22 received an addition to the effect that only such business 

might be transacted at a special general meeting as had been given 
due notice of in the mannel' laid down by the rules and regulations. 

Art. 23 as amended pl'ovided for the carrying of resolutions by a 
two-thirds majority, and stipulated at the same time that there must 
be at least ten members present. 

Art. 26 was slightly altered. It ordains that the Council shall 
inspect papers to be submitted to the Society, and accept or reject 
them. 

Art. 28 was a new one. Under its provisions members unable 
to be present, and desirous of voting on any question, will be 
permitted, aftel' due notice to the Seeretary, to vote by proxy. 

A NEW MEMBER OF COUNCIL 

Me vViIliams said that NIl' Buchanan, one of the members of the 
Council, was away in England, and he thought an additional mem
ber should be elected. He proposed Mr Irvine. 

Mr Irvine was leaving shortly on a trip to England, and would 
be six months away. 

Mr Williams then proposed Mr Littlejohn, Chief Chemist to the 
A.B.C. Bank. 

This choice was unanimously approved. 
It was decided, on the motion of the Chairman, that the matter 

of electing further new members, several having been proposed, 
should be deferred until a proper ballot-box could be obtained. 

In response to the Chairman, Mr Irvine said that he wonld 
undertake to read a paper at the meeting ill three weeks' time, and 
would let the Council know the subject early this week. 

Mr M. S. Higgs undertook to furnish a paper at the next 
subsequent meeting. 

This was all the businf!ss, and the Society adjourned. 
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XVIII 

THE usual monthly meeting of the Chemical and Metallurgical 
Society was held 011 16th November 1895, in the Board Room of 
the Chamber of Mines, in Bettelheim Buildings, for the last time. 
There were present Messrs A. F. Crosse, President of the Society 
(in the chair) ; W. R. Feldtmann (Vice-President); W. Bettel, J. R. 
Williams, Clifford 'vV. Lee, M. Stanger Higgs, C. Baker, Darling, 
Melvill, Mennie, Dykes, Ford, and Ressie. 

The President apologised for the informality of the meeting. 
Their Secretary had apparently disappeared, for nothing had been 
seen of him for some six weeks. As a consequence of this, they 
had no books, no minutes, and not even a list of members in order 
to send out the uRual notices of the meeting. He had himself been 
away, as they were aware, for three weeks, and on his return could 
gain no tidings of the Secretary. He had written to him several 
times, without obtaining any reply. 

Mr 'V. R. Feldtmann, the Vice-President, agl'eed to act as 
secretary for the meeting. 

NEW MEMBERS 

The President said that in the absence of the books they could 
not say exactly how many candidates had been proposed for the 
Society, but so far as he and the Council could remember, the list 
to be consider~d at the meeting was as follows:-Messrs J. S. 
Watkins, Speak, M'Bride, Rogers, Schlunde, Bagshaw, Geo. 
Mel vill, and Dr Carrick. 

These names were then severally submitted to the meeting, and 
all were unanimously elected. 

The President said that if anyone had been omitted, the name 
would be specially brought up at the next meeting. 

The first suqject for discussion was Mr W. Bettel's paper on 
"The Analysis of Cyanide Solutions," but 110 one rose to discuss it. 

Mr J. R. Williams' paper on "Welsh Copper Smelting," read at 
a previous meeting, was also passed without discusRion. 

Mr M. Stanger Higgs then read his paper on 
N 193 
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ANTISEPTICS AND DISINFECTANTS 

Mr. President and Gentlemen,-I must crave your indulgence 
this evening if in the course of this paper I touch upon subjects 
which can hardly be' called chemical, and [Lre certainly not metal
lurgicaL As this subject is, however, of equal interest to the 
biologist as to the chemist, that must be my excuse in bringing 
before your notice certain biological data, The study of bacteriology 
has made such astounding strides within the past few years that, 'in 
order to keep up to date, the chemist has had to investigate some 
hundreds of hitherto unknown organic compounds, product~ of bac
terial decomposition. The explosion of the theory of spontaneous 
decomposition gave the first great impetus to the stndy of these 
micro-organisms and to the conditions which favour or prevent their 
development; and since then we have been overwhelmed with fresh 
discoveries. 

The terms antiseptic and disinfectant are frequently erroneously' 
accepted as synonymous. A true disinfectant is a substance which, 
when applied to germs, not only arrests their development, but de
stroys them completely; whereas an antiseptic is a substance which, 
when applied to a surface capable of producing healthy bacterial 
growth, renders their development impossible without necessarily 
destroying the germs themselves. Thus it will be seen that aJl 
disinfectants are antiseptic, though antiseptics are not necessarily 
disinfectant. Pasteur's researches have shown that apparently 
spontaneous changes in orgauic solutions al'e due to bacteria. If 
an organic solution favourable to the growth of micro-organisms be 
prepared, such as Pasteur's fluid, gehttin, flour and sugar, or minced 
flesh, it will be found that the chemical changes produced are due 
to two distinct classes of germ". Firstly, a layer of bacteria form 
upon the surface of the liquid, which possess the power of absorbing 
oxygen from the air,.and so preventing oxidation of the solution 
underneath. In spite of this, the solution undergoes putrefaction, 
accompanied always with a most offensive odour. The organisms 
which produce putrefaction are called vib1'ios, and they decompose 
the albuminous substances. Putrefaction is practically fermentation 
without oxygen,' and is almost invariably produced by Bacterium 
tel·mo. As may. be expected, in. the presence of such powerful de
oxidizi.ng organisms, large quantities of strong reducing agents are 
produced in the solutions undergoing decomposition, and these 
substances are antagonistic to the true ferments or microzymes. 

Chemically, the process is roughly as follows :-The proteids are 
converted into albuminates and peptones, which are again decom-
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posed to form leucine, tyrosine, and indol (of the aromatic group). 
In fact, products of bacterial decomposition can be claBsified in foul' 
groups ;-

I. Phenol and its derivatives. 
II. Indol. 

III. Tyrosine and its septic derivatives. 
IV. Acids of the benzoic series, especially phenylpropionic acid. 
Inasmuch as the end products of bacterial decomposition are the 

same as the decomposition of food in the human body (viz., carbonic 
acid and ammonia), there is a marked analogy between bacterial and 
animal life, the chief difference being in the intermediate stages. In 
animal digestion these products are glycerides of the acids in the 
acetic series, whereas in bacterial decomposition salts of acids lower 
in the series are produced. This is taken as a strong argument in 
favour of the theory that the animal body is merely a collection of 
living micro-organisms, and, possibly, the presence in food of partial 
antisepts may. account for the phenomenon known as disease. (I 
advance this theory for what it is worth.) However, the fact remains 
that in the production of infectious diseases from inflammation, the 
bacterial and human decompositions are prpcesses which are antagon
istic and at the same time concomitant, and the difference between 
life and death (in these cases) resolves itself into a duel between the 
two processes. These differences, whatever their nature, can only be 
solved by the chemist. A few more facts in relation to the biologi
cal aspect of the subject will not be out of place. Bacteria are 
incapable of development except in presence of organic matter. If 
they are placed on glass or metal they die of inanition. There is no 
relation between the disinfectant and antiseptic properties of the 
same substance. Or, in other words, there is no relation between 
power of arresting and the power of preventing initiation of putre
faction. The antiseptic power of inoculation, be it vaccine or anti
toxin, is purely a medical branch of this subject, which I shall not 
touch upon this evening. 

Dessication haB been used largely as a means of preserving 
organic substances from decomposition, and probably played an 
important part in the embalming of bodies by the ancient Egyptians 
Dessicated yeast retains its vitality for a considerable period if the 
temperature be not too excessive. The property of charcoal as a 
deodorizer anq. also disinfectant is probably dne to its property of 
occluding oxygen from the air. Soil is a powerful deodorizer and 
disinfectant, as exemplified by the ordinary method of disposing of 
our dead. Dr Koch places chlorine, bromine, and, mercuric chloride 
in the first rank as disinfectants, and places as antiseptics mercuric 
chloride, certain ethereal oils, and allyl alcohol. I believe it has not 
been generally known that allyl alcohol possesses strongly marked 
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antiseptic properties, and I believe no systematic experiments 
have been published, with the exception of a few by Dr Koch. 
Of the salts of mercury, the cyanide and oxy-cyanide have been 
used in preference to the bichloride. In fact, as an ordinary anti
septic, the oxy-cyanide is six times as powerful as the bichloride. 
It has been used with considerable success in diphtheria (Lancet, 
March 24th, 1888, page 591). However, on some Micrococci 
(Anreus) it is less powerful than the bichloride. 

Germs possess different powers of vitality, and a disinfectant 
may destroy one germ and not another, when possibly neither can 
withstand a second disinfectant. Adoing, Carnevin and Thomas, 
in their experiments upon the virus of symptomatic .anthrax, 
obtained the following results :-

Fresh virus not killed by:-freshly prepared solutions of cam
phor and phenol in alcohol; ammonia; benzene; 20 per cent. of 
borax; and the gases, ammonia; sulphurous anhydride; chloroform 
vapour. 

Killed fresh virus bnt not dried virus :-Saturated solution of 
oxalic acid; 0·1 per cent. solution of salicylic acid; 0·02 per cent. 
solution of mercuric chloride; 0·1 per cent. solution of silver 
nitrate; 20 per cent. solution of copper sulphate; 20 per cent. 
solution of boric acid; Saturated solution of salicylic acid in 
alcohol; bromine vapour. 

Bromine undoubtedly ranks first as a disinfectant capable of com
pletely destroying anthrax virus. 

The following table is from Ratimoff's researches into the relative 
activity of antiseptics. 

BACTERIA. 
, 

:MICROBES. PUTREFACTIVE. SEPTIC. I 

Sterilised. Non· Killed. Not Killed. Not I 
Sterilised. Killed. Killed. 

----------------------- -----
Mercuric 

chloride. 1/13,300 1/25,000 1/800,000 1/100,000 1/66,700 1/100,000 
Thymol 1/2,000 1/5,000 1/35,000 1/50,000 
Phenol 1/400 1/500 1/570 1/670 

I 
I 

Putrefaction is accompanied by a putrid odour, alkaline reaction 
and presence of animalculae. Mouldiness and fermentation are ac
companied by acid reaction and presence of fungi. Martens, in 
researches into pus from inflammatory wounds, experimented on 
the following micro-organisms :-Staphylococcus pyogenes, aureus 
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citreus, and albus and streptococcus pyogenes. Iodine solution 
1/10,000 proved most satisfactory, but it is too great an irritant 
to be safely used on open wounds. Thymol 1/5000. Speaking 
of this substance, Dr Thorpe says: "From the comparatively 
non-poisonous nature of thymol and its great antiseptic powers, 
the opinion is expressed that it should occupy a more important 
position in surgery than it now does." Solutions of 1/1000 of 
the following substances were found effective :-Sodium hypo
chlorite, silver nitrate, sulphuric, nitric, hydrochloric acids, mercuric 
chloride. Silver nitrate had not previously been credited with 
such a high antiseptic power in. prevention of pus. Also benzoic 
acid 1/500, salicylic acid 1/300; while effective solutions of 1/100 
were-ferric chloride, calcium hypochlorite, acid sulphate of 
potash, carbolic acid, potassium permanganate, quinoline, cupric 
chloride, aluminium acetate, and resorcinol. Of these latter, 
acid potassium sulphate had not hitherto been known as antiseptic, 
and the action of resorcinol upon surgical instruments has not 
allowed of its being available. 

The following tables are from Bucholtz's researches, using a 
Pasteur's fluid of the following composition :-Sugar, 10 grammes; 
ammonium tartrate, 1 gramme; potassium phosphate, '5 grammes; 
water, 100 C.c. 

ANTISEPTIC. 

Chlorine 
Bromine 
Iodine. 
Mercuric chloride 
Thymol 
Benzoic acid 
Salicylic acid 
Methyl Salicylic Acid 
Creosote 
Carbolic acid 
Alcohol 

Arrested putrefaction 
and preveuted further 
development when re
moved. to fresh Pas
tem's Fluid. 

1 Part in 

25,000 
5,000 
3,333 

250 
312 
200 
100 

2fi 
4'5 

Prevented develop
ment iu solution 
used. 

1 Part in 

20,000 
2,000 
1,000 

666 
1,000 
2,000 

200 
50 

Until the true nature of so-called toxic action is properly 
understood, we can only theorise as to the real effect of the 
various antiseptics at present used. For surgical work, at present, 
mercuric chloride undoubtedly ranks first. In open wounds it 
arrests septic action, forming an insoluble albuminate. 

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
)



T98 Chem£cal and Metallurgical Society of S. Africa 

As commercial disinfectants (so-called), carbolic preparations rank 
first in popularity. The active agent in these compounds is generally 
cresylic acid, and the lime compounds act as gradual disinfectants 
as they undergo decomposition by the action of carbon dioxide in 
the air. Macdougall's Powder is carbolic acid and sulphite of 
calcium, which liberate sulphurous anhydride and carbolic acid on 
exposure to the air. Calvert uses precipitated silica as the loaded 
base. Various patents have been taken out for llsing kieselguhr, 
peat, blast furnace slag, spent gas lime, sawdust, calcium sulphate, 
&c. Of phenol compounds we have borophenol (dessicated borate 
of soda saturated with phenol), and tribromophenol C6H2BHgOH 
3/1000 solution prevents putrescence, and has been used inter
nally, being liberated in the urine as tribromophenol Rulphonic 
acid. A preparation called hydronaphthol has marvellolls powel's 
claimed for it, as being second only to mercuric chloride. But its 
exact composition remains a mystery. It is probably (3. naphthol. 
Many other compounds of naphthol, phenol, and salicylic acid have 
been patented. But they are not of sufficient importance to 
warrant further mention. As germicides the halogens are all 
excellent; but, except in combination, are rarely used in surgery. 
Chlorine as a disinfectant is used as chloride of lime. Bromodine, 
a preparation of bromide and bromate, liberates bromine slowly in 
contact with air or acid. Iodine, not being soluble in water, only 
has a comparatively limited application, and its alcoholic solution 
is inferior to either bromine or chlorine. . 

Of the compounds of iodine, three at least deserve mention. 
Iodine trichloride 1013, is one of the most powerful germicides, 
and has been used medicinally in certain cases of dyspepsia. Iodol, 
the tetra-iodo derivative of pyrrol, has been used as a substitute 
for iodoform. Iodoform itself, largely used in surgery, can hardly 
be called antiseptic, as it is only when decomposed by pus that it 
can be said to have a really antiseptic value. But on this subject 
there is considerable conflict of opinion. Fluorine, I need scarcely 
add, has not been used as an antiseptic. However, a patent 
"Salufer," a compound roughly represented. by sodium fluosilicate, 
has been used as a substitute for boric and salicylic acids in pre
serving fish, &c. Sulphurous acid has been used for preserving 
fish, fruit, and meat in hot weather, with very satisfactory results. 
Carbon disulphide has been used internally in cases of typhus. 
Hydrogen peroxide is too unstable; but it is probably an active 
agent in some of the aromatic disinfectants, such as Sanitas, Russian 
turpentine, &c. 

For purifying waters, lime has been largely used~ and in a series 
of ·experiments I made some two years ago in softening waters, I 
found that the lime removed a large quantity of micro-organisms, as 
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well as the sulphates and acid carbonates. In one case, a very bad 
water in a typhoid infected district, the albuminoid ammonia was 
l·educed from ·440 parts per million ~o ·280 parts, whilst the free 
ammonia remained unchanged, and an examination of the water 
after treatment showed a remarkable freedom from micro-organisms; 
whereas, by washing the precipitated lime sludge, I obtained a fluid 
literally teeming with animalcnlre. 

I have before referred to thymol as an antiseptic, and I had 
hoped to have been able to give .yon the results of a series of ex
periment.~ recently conducted upon a new compound of thymol 
called" Thymoline," patented by Mr J. T. Ainslie Walker, F.C.S. 
Thymol itself would come into the same category as the phenol dis
infectaut. In fact, as may be seen from its formula ClOH1SOH, 
it has the constitution of an isopropyl methyl phenol. . Its cost 
and insolubility have hitherto prevented its very extensive appli
cation; but now I think this difficulty will be largely over· 
come. It was originally prepared from oil of thyme by agitation 
with caustic soda, producing insoluble terpene, and a solution from 
which, after filtering, the thymol was precipitated by adding dilute 
hydrochloric acid. 

UnfortuIh'ttely I am unable to give particulars of experiments 
made with" thymolille," as this paper was prepared hurriedly, and 
I have not sufficient data until my papers arrive from Europe. 
However, experiments conducted with mercuric chloride, thymol, 
carbolic acid, and thymoline on Bacillus subtilis, yielded the 
following results;-

Mercuric chlo;'ide 
Thymol 
Carbolic acid. 
Thymoline 

1/17,000 
1/ 2,300 
1/ 370 
1/11,500 

In Pasteur's fluid the smallest quantity required to arrest putre-
faction was 

Mercuric chloride, 
Thymol. 
Carbolic acid, . 
Thymoline, 

1. part in 
19,500 

3,700 
170 

5,000 

The advantages claimed for thy moline are its non-poisonous 
nature, its high antiseptic power, its cleanliness and pleasant 
odour. The exact nature of thymoline is at present a: secret; but 
two forms are proposed which are practically a thioglyceride and 
glyceride of thymol. Thymol is prepared synthetically from nitro-
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cuminaldehyde by the action of phosphorus pentachloride, and sub
sequent reduction to methyl isopropyl aniline cymidin. This is 
diazotized, with formation of methyl isopropyl benzol. By boiling 
this methyl isopropyl diazobenzol in water, in presence of free 
mineral acids, the thymol is set free. 

CuH3(N02)(CnH7)COH, ni kocuminaldehy de. 
Cu H3(N 02)( C~H7 )CCI2H, chloride. 
C6H3(NH2)(CnH7)CH3' methyl isopropyl aniline cymidin. 
CGHlOH)(C3H,)CH3, thymol. 

'l'he above formulre represent the various stages in the process. 
Thymol has been used internally as an antiseptic, and possibly 
would replace camphor as 'a cholera preventive. But I have not 
heard of any attempt to utilize it in t,his way. Carvol, the isomer 
of thymol, has, I believe, not been experimented with as an antiseptic, 
and a very interesting study would be a comparison of the deriva
tives of phenol as antisepts, in order to prove or disprove that toxic 
and antisept action' are due to regular variations in chemical 
composition. 

The President, in the name of the Society, thanked Mr Stanger 
Higgs for his most exhaustive paper, and invited discllssion. 

Mr Dykes said it was something of a presumption to speak upon 
a paper of this nature without preparation. The depth of the paper 
was so great that he was afraid that he, and many others, had 
been left far behind in this up-to-date work. He had himself known 
thymol as an antiseptic ten years ago, but there was so little known 
about it, that though it was taken in hand by one of the first of 
London physicians, Dr Kirby, it fell to the ground. Dr Kirby 
attempted, through his firm, to introduce it in the form of a dusting 
powder, and claimed for it many of the properties Mr Stangel' Higgs 
had claimed for it. So little, however, was known of it that it did 
not come into general use. During the last ten years he had heard 
little of thymol until the present. Whether it had the future that 
Mr Stanger Higg~ claimed for it he could not say. This must 
depend largely upon those experiments of which Mr Stanger Higgs 
had spoken in so mysterious a manner. The preparation, it was 
said, was extremely pleasant in use, and had not the ol\iections that 
there were to carbolic acid and mercuric chloride. The last had 
certainly been most useful in surgery, but if it could be proved 
that thymoline was really of the value that Mr Stanger Higgs 
claimed for it, it would certainly be used for surgical purposes; and 
not only as an antiseptic, but for toilet articles--as soaps, toilet 
waters, dentifrices, etc. It was a perfectly safe medium for intro-
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duction in that way. In closing his remarks he would only say 
that little was knowll as to the real value of the substance at pre
sent, and much would depend on the first experiments. 

The President said the further discussion would be postponed 
until next meeting. 

PRESENTATION TO MR BETTEL 

The President then. called upon Mr J. R. 'Williams to make the 
presentation to Mr Bettel, which had been decided upon by the 
Society and the Council. 

Mr Williams said he was sorry that the President had called 
upon him to present the address. This was an office which would 
have been better carried out in abler hands. He had much 
pleasure in handing the address to Mr Bettel. The wording of 
the address spoke for itself. 

" We, the undersigned, Officers and Council of the Chemical and 
Metallurgical Society of South Africa, on behalf of the members of 
the Society, do hereby beg your acceptance of this address, as some 
token of our estimation and regard, by which we desire to manifest 
our admiration of your untiring zeal and energy, which you have 
dedicated towards bringing the status of the Society to the present 
position, during the first year of its existence under your able Presi
dency. For your welfare you have our best wishes, and we trust 
that your future will be bright and prosperous." Then followed 
the names of the President, Vice-President, and members of Council. 
He hoped that Mr Bettel would lo.ng be spared amongst them, and 
that if he should have to leave the Transvaal he would be always 
prosperous. 

Mr Bettel, in acknowledging the Presentation, said that he had 
been quite taken by surprise. He had not thought that he would 
have been the recipient of such a welcome mark of the Society's 
appreciation. He thanked them from his heart for this apprecia
tion of his work. He must, however, say that the present status 
of the Society was due to the earnest work of the other members 
of the Society and to their past Secretaries. 

The President announced that their next meeting would be held 
in the new Chamber of Mines Buildings. 

Mr .J. R. 'Williams said he would again like to refer to the 
difficulty in which they bad been, placed by the disappearance of 
their Secretary, and if members felt aggrieved that they had not 
received any notification of the meeting" they would under the cir
cumstances excuse the Council. He hoped that those present 
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would do all they could to make this known to other members of 
the Society. 

Mr W. R. Feldtmann said he did not know whether all the mem
bers knew the very special business that had taken their President 
to Cape Town recently. He would say that this bus~ness was 
matrimonial, and he moved that the congratulations of the Society 
be given to the President on the happy event. 

This was carried by acclamation, and the President having 
acknowledged the compliment, the meeting concluded. 
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XIX 

THE usual monthly meeting of this Society was held on 21st Decem
ber··1895, in the Committee Room of the Chamber of Mines, when 
there were present Messrs A. F. Crosse.(PreHident, in the chair), 
W. R. Feldtmann (Vice-President), C. J. C. Baker, A. Dickie, 
C. W. Lee, A. Mennie, R. A. Alston, F. Irvine, L. Schlunde, 
G. Bromfield, John Hobart, W. A. Caldecott, F. V. Shallcross, 
Dr F. Garny, J. A. Brown, Dr J. Loevy, W. Bettel, C. C. Haddon, 
W. R. Dowling, A. F. Stewart, L. C. Howell, J. E. Clennel, J. H. 
Pearce, and Michal Ray (Secretary). 

The Secretary having read the minutes of the last special and 
ordinary meetings, the following gentlemen, whose names had been 
already approved by the Conncil, were elected members of the 
Society :-:Messrs A. Prister, Philip Powter, and J. Dykes. 

The President welcomed the members of the Society in the ne w 
building of the Chamber of Mines, which building would hence
forth be their home. They were not able, to meet in the large 
room, because the electric installat,ion had not been completed, and 
there was no light. It was right that the Chemical and Metallurgi
cal Society should be thus closely connected with the Chamber of 
'Mines, for their work as chemists and metallurgists was most essen
tial to the progress of the mining industry. 

The President said that the next business on the agenda was the 
proposal to vote a life-membership to Mr Pearce for his valuable 
Hervices as the former Secretary to the Society. This had been 
unanimously approved by the Council. 

It was unanimously resolved that Mr Pearce be made a life 
member,of the Society. 

Mr Clennel's paper-

NOTES ON THE ANALYSIS OF CYANIDE SOLUTIONS 

Mr Chairman and Gentlemen,-In giving, by the request of some 
members of this Society, the results of certain investigations which 
I have made from time to time on this subject, I must explain that 
I do not offer any criticisms upon the scheme described by Mr 
Bettel in the paper laid before you at a former meeting, further 
than to remark that his methods seem more adapted to' the abilities 
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of the skilled chemist than to the average man on shift. In my in
vestigations I did not attempt anything so ambitious as a complete 
system of analysis for all working cyanide solutions, but endeavoured 
rather to determine the influence of certain commonly-occurring 
impurities on the estimation of cyanide, and to devise a simple 
method of estimating some other important constituents. This 
appears to me a necessary preliminary to the establishment of a 
complete analytical method. 

The principal determinations which must be made in order to 
arrive at a full knowledge of the composi.tion of a given solution. 
are:-

(1) The F1·ee Cyanide, which we may definfl as the equivalent, in 
potassium cyanide, of all the cyanogen existing in the form of simple 
alkaline cyanides. 

(2) The Total Cyanide, that is, the equivalent in potassium 
cyanide of all the cyanogen present in the solution. 

(3) The Zinc, from which we may estimate its equivalent in 
zinc-potassinm cyanide. 

in which form the whole of the zinc i.s usually assumed to be present. 
(4) The ferrocyanide estimated as its equivalent of potassiul1l 

fflrrocyanide. 
(5) The total alkali, which I shall define as the equivalent in 

potassium hydrate of all the substances which are alkaline to methyl
orange-that is, hydrates, mono-carbonate;;, bi-carbonates, simple 
cyanides, and zinc dOll ble cyanide. 

(6) A datum which, for want of a better term, I shall call the 
protective alkali, consisting of those substances which would be 
neutralised by the gradual addit,ion of carbonic acid or a dilute 
mineral acid to the solution before any decomposition of cyanide 
would take place. 

(7) The alkaline hydrate and ccwbonate, which, under certain con
ditions, may be. deduced from the two previous data. 

(1:\) Less important, or less frequently occurring impurities, such 
as ferricyanide, sulphocyanide, ammonia, ammonium salts, suspended 
matter, &c. 

1. FREE CYANIDE 

The estiniation of the free cyanide is of course the most import
ant of all the determinations, and at the same time it is, in the 
present state of our knowledge, the least satisfactory. Two principal 
methods are in use, neither of which enables us to determine with 
certainty under all conditions the datum which of . all others is most 
nseful in controlling the extraction of gold by the cyanide process, 
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Notes on the Analysis of Cyanide Solutions 205 

-viz., "the available cyanide," in other words, the gold-extracting 
power of the solution. 

The silver nitrate method is notoriously obscnre and indefinite in 
the presence of zinc, and is also affected to a certain extent by the 
presence of alkalies, ammonium salts, and ferrocyanides, and very 
slightly by ferricyanides and sulphocyanides. 

The iodine method has the advantage that it may be used for 
turbid solutions, but it is equally unsatisfactory in presence of zinc. 
It can be used with certain modifications, in presence of caustic and 
carbonated alkalies, and is scarcely affected by ferro cyanides, ferri
cyanides or sulphocyanides. 

[The mM·cu1·ic chl01'ide method presents no special advantages 
over the pl'eceding, unless perhaps for solutions containing free 
ammonia but no zinc.] 

In the presence of ' zinc the most promising method appears to me 
to determine the "total cyanide" and deduct from it the cyanide 
present in the form of the various double cyanides, which must be 
separately determined, as described below. 

Since the use of zinc precipitation has been dispensed with on 
some works, I shall, however, describe a method which I have found 
to give satisfactory results with solutions free from zinc: 

Method No. 1.-For determining free cyanide in absence of zinc 

When no free caustic or mono-carbonated alkali is present, the 
solution may be titrated at once with a solution of iodine in potas
sium iodide. If a few drops of a dilute starch solution be added to 
the cyanide liquor, the termination of the reaction is marked with 
great sharpness by the appearance of an intense blue colour as soon 
as the slightest eXCflSS of iodine is added, 

When alkalies are present it is necessary to neutralise what I have 
called the" protective alkali." This I propose to do as follows :-

To a measured volume of the solution, silver nitrate is first added, 
until a permanent turbidity, or if the solution was originally turbid, 
a slight increase of turbidity, is observed, the exact amount added 
being of no consequence. The same solution is now titrated with 
dilute hydrochloric acid, using phenol-phthalein as indicator, until 
the pink colour just disappears. The amount of acid required is, as 
I shall show presently, a measure of the "protective alkali." If 
now we take a fresh measured volume of the original solution, and 
add to it, with agitation, the quantity of diluted acid shown to be 
lle'cessary by the previous experiment, we obtain a solution which 
may be at once titrated with iodine. 

Very turbid solutions are best treated with lime and filtered; they 
may be titrated direct with silver nitrate, or after neutralisation of 
the alkali, as described above, by iodine. 
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The simplest way of standardising the iodine solution is to deter
mine its strength with regard to a solution of pure potassium cyanide 
which has been accurately standardised by tlie silver nitrate method. 
A convenient strength is 1 c.c. iodine = '003 gramme KOy. 

The starch solution is prepared by adding a small quantity of 
thin starch paste to a considerable quantity of boiling water, anow
ing to settle and decanting the clear liquid. 

2. TOTAL CYANIDE 

In the absence of ferrocyanides, ferricyanides, and sulphocyanides, 
the total cyanide lllay be at once determined in one of the two fol
lowing ways. These methods may likewise be used in the presence 
of the bodies above-mentioned, but in that case a separate determin
ation must be made of the cyanide present as ferrocyanide, &c., and 
added to the quantity found by the methods given below. 

Method No. 2.-Estimation of cycmide in p1'esence of zinc and 
other imp'urities 

A measured volume of the solution is precipitated with sodium 
sulphide in slight excess. The solution is well shaken and allowed 
to stand until the precipitate has subsided; a little lime may be 
added to assist the settling. The clear filtrate is then agitated 
with litharge or freshly-precipitated lead carbonate and an excess 
of sodium carbonate until all trace of alkaline sulphides is removed. 
A definite volume is now tested with silver nitrate in the ordinary 
manner. It is perhaps advisable to neutralise the free alkali, in 
the manner described above, before testing for cyanide. 

Method No. 3.-Estimation of totCtl cyanide in presence of zinc and 
other impurities 

After removal of excess of alkali in the manner described in Method 
No.1, the solution is mixed with a moderate excess of potassium ferro
cyanide. On titrating with iodine, the whole of the free cyanide, 
together with the equivalent in potassium cyanide of all the cyanide 
present as zinc double cyanide, is indicated, the end point being 
perfectly sharp and definite. In this reaction the zinc appears to . 
be precipitated as ferrocyanide, which does not interfere with the 
determination, the cyanogen originally combined with it being 
determined as though it existed entirely as free KOy. 

This method was found to yield very accurate results with pure 
solutions, and may be applied whenever the liquid contains no 
bodies except cyanogen compounds capable of reacting with iodine. 
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3. ZINC 

The zinc, of course, may be separated in any convenient manner 
(such as precipitation by sodium sulphide) and determined by the 
ordinary volumetric methods, such as the "sodium sulphide" and 
the" ferrocyanide " process, which I need not describe to you. It 
is possible, however, to obtain a fairly accurate determination by a 
method which may be applied direct to the original solution, with
out previous isolation of the zinc, provided the solution contains no 
substance capable of reducing permanganate in presence of free 
sulphuric acid. 

Method No. 4.-Direct estimation of zinc in cyanide solutions 

We require a solution of ferrocyanide of potassium which has 
been accurately standardised with reference to a solution of 
potassium permanganate. A measured volume of the solution to 
be tested is mixed with a definite volume of the standard ferro
cyanide solution, diluted to about 200 c.c., acidified pretty strongly 
with sulphuric acid, and titrated with permanganate. The amount 
of felTocyanide thus found is deducted from the amount which 
was added, the difference being equivalent to the amount of zinc 
present. The zinc is thrown down as a white flocculent pre
cipitate on acidulating with sulphuric acid, but I am not at 
present prepared to say exactly what reactions take place. 
Experiments by this method showed that one part by weight of 
zinc' was equivalent to 4'33 parts by weight of potassium ferro
cyanide K 4FeEJYG,3H20. 

Having determined the percentage of zinc, we may determine 
the percentage of the zinc-double-cyanide by calculation. The 
quantity of zinc, multiplied by 4, gives the total quantity of 
cyanogen in combination with zinc, estimated as its equivalent in 
Key. If we deduct this number from the "total cyanide," deter
mined as previously described, we obtain the "free cyanide." If, 
however, the' original solution contains ferrocyanicles or sulpho
cyanides, these bodies themselves rednce permanganate in an acidu
lated solution. In this case the" reducing power" of the original 
solution must be determined by titrating as described below under 
ferrocyanides, and a correction must be introduced in estimating 
the amount of zinc present. For convenience we may define the 
" reducing power" of the solution as the volume of standard per
manganate required to give a permanent colouration to 1 cubic 
centimetre of the solution (a sufficient quantity of sulphuric acid 
being added before titration). -VVe may now correct our reading 
as follows :-
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208 Chemical and Metallurgical Society of S. Africa 

If 11 = the number of c.c. taken for the test. 
r = the reducing power of the solution. 
P = Equivalent in permanganate of the quantity of standard 

ferrocyanide added. 
p = number of c.c. permanganate used in the final titration. 
x = equivalent of zinc in permanganate. 

Then x = P - p + rn. 

Although this algebraical expression may appear formidable to 
some of you, the operations themselves are of an exceedingly simple 
character, and may be performed, together with the required 
calculation, in the space of a few minutes. 

One difficulty presents itself in applying this process, and that is, 
that the zinc ferro cyanide precipitate to some extent obscures the 
end-point of the rflaction. As it is a troublesome precipitate to 
"filter off, and does not settle in a reasonable time, I have found the 
best plan is to mix the very slightly acidulated solution with pure 
calcium carbonate, free from iron, immediately after adding the 
required volume of standard ferro cyanide, making up to a definite 
volume (say 100 c.c.) with water, and when the precipitate has 
settled, usually in about ten minutes, decanting a measured volume 
of the perfectly clear fluid, which may then be strongly acidified, 
and titrated with standard permanganate. 

4. FERROCYANlDES 

Ferrocyanides may b~ estimated, in pre/?ence of cyanides, by "de 
Haen's" method, which I need not describe to you, as it is given in 
all the text-books. The solution is diluted, acidified pretty strongly 
with sulphuric acid, and titrated with standard permanganate. 
Ferricyanides do not interfere appreciably with the reaction, but 
sulphocyanides would be determined along with ferrocyanides. 
Hence, in presence of sulphocyanides it becomes necessary to pre
cipitate the ferrocyanide as Prussian Blue, by adding the liquid to be 
tested to an acidulated solu tion of ferric chloride; the precipitate is 
collected and washed thoroughly. The washings contain the sulpho
cyanide, which may be estimated by acidulating and titrating with 
permanganate. The precipitate of Prussian Blue is decomposed by 
hot caustic potash, and the ferrocyanide determined as above in the 
resulting solution. Further particulars of this process will be found 
in Thorpe's" Dictionary of Applied Chemistry," article, Cyanide. I 
need hardly point out that this separation is much too laborious and 
tedious to be carried out in practical working, and for all ordinary 
purposes a determination of the" reducing power" by direct titra
tion of the acidulated solution with permanganate would suffice. 
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Notes on the Analyst's of Cyant'de Solutions 209 

It is noteworthy that hydrocyanic acid has little or no reducing 
power, and hence ferrocyanides and sulphocyanides may be estimated 
in presence of cyanides. 

5. TOTAL ALKALI 

This we have already defined as the equivalent in potassium 
hydrate of all the ingredients which are alkaline to methyl-orange. 
It is determined by direct titration of the solution with standard 
hydrochloric or sulphuric acid, using methyl-orange as indicator. 
The principal substances which would be thus determined are 
cyanides, hydrates, mono-carbonates, bi-carbonates, and the zinc 
double cyanide. 

6. PROTECTIVE ALKALI 

This is a more important factor in practical work than the total 
alkali, as it indicates the stability of a given solution t.owards the 
carbonic acid of the air and to certain classes of " cyanicides." We 
may define the" protective alkali" of a solution as the equivalent 
in potassium hydrate of the quantity of dilute mineral acid which may 
be added to that solution before any decomposition of cyanide takes 
place. 

Method No. 5.-Determination of protective alkali in 
absence of zinc 

In the absence of zinc double cyanide this datum may be pretty 
accurately determined as follows :-The cyanide is first converted 
into a double silver salt by the addition of silver nitrate until a per
manent precipitate occurs. Addition of even a considerable quan
tity of silver in excess of this amount does not appreciably affect 
the result. A drop of phenol-phthalein solution is now added, and 
the liquid titrated with standard acid. By this means the hydrates 
are converted into neutral salts, and the carbonates into bi-carbonates. 

Cyanides are alkaline to phenol-phthalein, but as the end-point is 
somewhat indefinite, I 'prefer to convert them into the double silver 
salt, which is neutral to the indicator. 

The zinc-double-cyanide, as pointed out by MT Bettel, is alkaline 
to phenol-phthalein, but on addition of silver nitrate the solution 
becomes neutral, and at some point before the complete precipitation 
of the cyanide, but after the first appearance of the well-known 
flocculent precipitate. I am unable as yet to explain the exact 
meaning of this indication. 

7. HYDRAT~ AND CARBONATE 

When the solution contains no substances alkaline to methyl
o 
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orange except hydrates, carbonates and cyanideB, the two la~t indi
cations give us a means of determining the quantities of these sllb
stances, fOl' 

"total alkali" = equivalent of hydrate + cyanide. 
" protective alkali" = equivalent of hydrate + ~ carbonate. 

The cyanide is already known, by the titration with silver' nitrate, 
or it may be determined, as previously explained, by titration with 
iodine, after the protective alkali has been neutralised. 

S. FERllICYANIDES 

May be determined by Lenssen's method with the modifications 
suggested by Mohr. The presence of ferrocyanides does not inter
f'er!'). In presence of cyanides I have found the results somewhat 
too low. 

SCHEME FOR PRACTICAL TESTING 

In practical working, the following determinations could all be 
easily and rapidly made, and could give a large amount of useful 
information as to the composition of a given solution. 

(1) In p?'esence of Zinc 

(Ct) TotcLl Cyanide, by titration with iodine after adding excess of 
ferrocyanide. 

(b) Red1.tcing Powe?', by titration of acidulated solution with 
permangana teo 
, (c) Reducing power after addition oJ.known excess qf standa?'d 

ferrocyanide. 
(d) Total Alkali, by titration with standard acid and methyl-orange 

indicator. , 
(e) P?'otective Alkctli, by titration with standard acid and phenol

phthalein indicator, after addition of silver nitrate. 
[This last is of somewhat doubtful value owing to the obscurity 

of the end-point in presence o~ zinc double cyanide.] 

, From these determinations we may deduce further,,' by 
<:alculation-

(f) The Free Cyanide, from a, band C. 

(g) The Zinc, fl'om band C. 

(h) The Zinc Potassium CycLnide, from ,g. 

(2) In Absence of Zinc 

(Ct) F?'ee Cyanide,' by'silvei' nitrate; 
,(b) Reducing Power. 
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Notes on the Analys£s of Cyanide Solutions 2 I I 

(c) Total A lkcLli. 
(d) P?'otective Alkali. 
(e) FrAe Cyanide by iodine, after neutralisation of protective 

alkali. This should agree with a. 
By calculation we may deduce-
(f) The alkaline hydrate, and I f d l . . rom CL c an ( . 
(g) The alkahne mono-carbonate, j , 
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xx 

ON Saturday evening, 22nd February 1896, the Chemical and 
Metallurgical Society of South Africa held their ordinary monthly 
meeting in the Board Room of the Chamber of Mines, when there 
were present-Messrs A. F. Crosse, President of the Society (in the 
chair),W. R. Feldtmann(Vice-President), W. Bettel, Charles Butters, 
A. von Gernet, J. E. Clennel, F. Vincent Shallcross, H. L. Lezard, 
C. C. Haddon, W. A. Caldecott, R. G. Bevington, Thomas L. Lock
hart, E. T. Bentley, T. W. Wood, J. F. Bagshaw, S. J. Speak, James 
Littlejohn, Dr. T. J. Carrick, S. H. Ford, C. W. Lee, Dr Loevy, and 
Michael Ray (Secretary). Amongst the visitors for the evening 
were-Dr. Exton, President of the Geological Society; Mr David 
Draper, Secretary of the Geological Society; Mr T. R. Cowell. 
General Manager of the Lighting Department of the Sanitary Board. 
and several ladies. 

The President, in opening the meeting, said that at that-their 
fint-meeting in the Council Room of the Chamber of Mines, he 
was very glad to welcome them all, and to be able to say" ladies 
and gentlemen." The meetings of the Society had been sometimes 
iLTegular during the past few months, and for reasons that would be 
so apparent to all that he need not go into them. In the week 
that was then ending there had occurred a most sad event, in that 
fearful dynamite explosion. As President of the Society, he would 
not be doing his duty if he did not allude to this, for the explosion 
and its causation were most probably entirely chemical questions_ 
He desired to state this Imblicly for the information of all, that if 
the Government, in the course of the investigation, desired any ex
aminations to be made in a technical way, that the Society would 
consider it a duty to do all that pORsibly could be done to elucidate 
the facts. Many of the members of the Chemical and Metallurgi
cal Society had had a great deal of experience in connection with 
high explosives and the manufacture of dynamite, and it would be 
most valuable that a series of experiments should be carried out to 
ascertain whether the dynamite had been properly made, and 
whether it would stand the heat of the sun. Further, there was at 
present in Pretoria, engaged in another great case, Professor Tatlock, 
who had had years of experience with dynamite, and it might be as 
well to call the attention of the authorities in Pretoria to the fact. 
So far as they knew at present, all that could be said was that there 
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L iquejied Air 21 3 

h:td been gross criminal negligence in allowing such :t great quantity 
of dynamite to remaiu in such a place, and so neat· the town. There 
wa.'> nothing more than this to be said just then, and he would 
therefore introduce Professor Crookes to them. Professor Crookes 
was in South Africa for a short time in connection with a most im
portant case, and had very kindly consented to deliver an address to 
the Society on the most recent eX'periments that had been made for 
the liquefaction of the air. (Applause.) 

ADDRESS BY PROFESSOR CROOKES 

Professor Crookes acknowledged the high compliment that had 
been paid to himself, and disclaimed any intention of delivering a 
set address. What he had to s:ty could not be dignified with any 
title so pretentious as that, nor, since he had been asked by the 
Presidel}t of the Society tu tell them something about the latest 
€xperiments in the liquefaction of air, had it been possible for him 
to find time even for arranging a few notes. Just before he left 
England, Professor Dewar, who was an old friend of his, with 
w hom he had worked for years, had told him of some recent 
€xperiments he had made which had not yet been published to 
the world, but which would become public property before he 
returned to England. Professor Dewar took him into the labora
tory of the Royal Institution, and there showed him the apparatus 
which he had devised, whereby the liquefaction of air, which before 
had necessitated the use of an elaborate plant costing between five 
and six thousand pounds, w!is accomplished for an expenditure 
certainly not exceeding ten pounds. Professor Dewar was not 
intending just then to bring it hefore the public, but worked it to 
show him the mode of operation, and he had taken a few notes. 
He wished· now that these notes had been fuller. They would 
understand now why he was sorry that what he had to say had 
been dignified with the name of an address; and if it fell short of 
their expect:ttions, they would please to make the best excuses they 
could, for it was only an hour ago that he had a few minutes to 
himself to place a note or two on paper. Of the earlier experi
ments in the production of extreme· cold and for the liquefaction of 
<Lir, he quite well remembered seeing one of Faraday's experiments 
in which mercury was frozen at _39 0 Centigrade. Pointing to a 
large chart· of' temperature which had been placed on the board, 
Professor Crookes showed that it included a range of temperature 
from 5000 degree!> Centigrade, which was about the heat of the 
electric furnace, to _274 0 C., which might be taken as the abso
lute zero, that was, the very lowest possible temperature. At 
this point, if it w:ts ever attained, it was probable that matter, 
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-2 14 Chemical and Metallurgical Society of S. Africa 

if as they knew it now, would cease to exist. As he had said, 
Faraday had succeeded in freezing mercury at _39 0 C., and car
bonic acid had been solidified at _79 0 C. He would step over the 
intermediate work that had been done on the Continent and else
where in the production of extreme cold, and would come at once 
to Professor Dewar's work and his first achievement in the lique
faction of oxygen gas. He well remembered the occasion of the 
first lecture at the Royal Institution, when Professor Dewar gave 
to the world the success of his work, and before his audience pro
duced liquid oxygen. It was an epoch-making lecture, and created 
the greatest sensation. That same evening, before the lecture, 
he had, with a party of friends, dined with Professor Dewar at 
the Royal Institution, where he had rooms. Of course, it is usual 
after dinner to hand round liqueurs. Just at the conclusion of the 
·dinner, Professor Dewar left the room, and, after an absence of a 
few minutes, returned with an ordinary wine glass in his hand 
containing a blue-coloured liquid. Professor Dewar placed it in 
his hand, and said, "Do not taste it: it is not a liqueur, but is 
freshly prepared liquid oxygen." Of course, the cold produced was 
most intense, for the temperature of the oxygen was _1940 C. The 
lecture that night was indeed an epoch-making lecture. Nothing 
of the kind had ever been heard before. Professor Dewar's next 
achievement was liquefying nitrogen, and now he had at last 
accompliRhed the liquefaction of ail'. This was the first time that 
air had been liquefied in any quantity, but it could now be pro
duced in quantities of a pint. The apparatus was very simple, and 
consisted merely of a tube with a .double jacket, as it were. In 
the inner tube was another tube coiled in a close spiral, and 
through this ail' was passed. In the space enclosed between the 
inner and outer tubeR, liquid oxygen was placed, and this space 
was connected with an air pump. As the internal pressure of this 
space was exhausted, the oxygen began to boil furiously, and proc 
duced an intense cold, under the influence of which the atmos
pheric ail', which was forced through the spiral tube, was liquefied 
and dripped from the lower end of the tube. Of course, everyone 
knew that as the pressure was removed, liquids boiled at lower 
temperatures than was ordinarily the case. For example, at the 
elevation of the Rand water boiled at much lower than _1000 C_ 
Re did not quite know what the boiling point was. 
: The President, _95 0 C. 

Professor Crookes-Thanks, -950 C. then; and that is why you 
can never get yom' eggs properly boiled here. These experiments 
in the liquefaction of gases had all been carried out by means of 
severe cold, and an elaborate apparatus had been constructed. at 
the Royal Institution, where a Jal'ge room, larger than'the CQuncil 
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Chamber in which they were meeting, was filled with the most elabo
rate and costly machines and appliances. There was one gas-engine 
of 200 horse-power, with several other engines. The method Pro
fessor Dewar proceeded with was based on the expansion of com
pressed air which took heat from everything, and the degree of 
cold produced therefrom was very great. The difficulty had before 
been not only how to prepare liquefied air, but how to preserve it 
when it had been prepared. Under ordinary circumstances, if they 
had one pint of liquid air, the heat would soon rush in, and in 
a very few minutes all would evaporate. Professor Dewar had 
availed himself of the well-known fact that heat cannot traverse 
a vacuum, and stored his liquid air in the inner part of a double 
tube, from the outer part of which the air had been previously 
and carefully exhausted. It was thus enclosed in a vacuum 
jacket, as it were, and in this way it could be kept long 
enough to be sent from London to Paris, or from London to 
Cambridge, where Professor Dewar had another lectureship. In 
Professor Dewar's apparatus, in nine minutes they had the receiver 
nearly half full; in seventy minntes they had a large wine glass full of 
liquefied air. Herr Linde, a German chemist, had also, he under
stood, been making liquid air in somewhat the same way, but using 
the regenerative principle. In his apparatus, he got liquid air in 
fifteen hours, whereas Profe~sor Dewar obtained it in ten minutes. 
The force exerted by this liquid as it passes from the liquid state 
and expands, is so enormous that no steel cylinder that could be 
constrncteu could retain it. They wOLlld probably like to kuow 
something of the properties ~nd composition of this liquefied air. 
He could tell them that in appearance it did not very much differ 
from water. Liquid oxygen was of a delicately pale sky blue, and 
in the spectrnm gave several black bands. They would notice on 
the chart of temperatnre the enormous range above zero, as com
pared with the very small range below zerO. There was little doubt 
that at the beginning the earth was very near the higher tempera
ture, and that it had been gradually cooling ever since all through 
the countless ages. . If they would notice on the long chart., the 
whole range of temperature between which human life was possible 
could be covered by his two finger tips. 

The President thanked Professor Crookes for his address. It had 
been most interesting to hear such a description of the new apparatus 
for liquefying air. The interesting lecture reminded him of those 
they had heard in their student days from the great ones of science 
across the seas. 

Mr Charles Bnttel's askell why Professor Crookes took -274° C. 
as the absolnte zero. 'Vhy was not a lower temperature possible 1 
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Professor Crookes replied that this was a theoretical liillit of 
temperature arrived at by several lines of reasoning. There was 
the contraction of the volume of gases which was perfectly regular 
to curve, and at that temperature reached the vanishing point. 
From the highest point to the lowest, it was perfectly regular to 
cnrve, and, by following the matter up, it would cut the line of 
degrees at -274 ° C. Then there was the viscosity of gases, the curve 
of which also vanished at-274° C. Then, again, there were the 
varying degrees of the electrical conductivity of metals. At one 
temperature copper was, a good conductor. Iron was worse. If 
they raised the temperature of copper, its conductivity was lessened. 
If the temperature was lowered, then it increased. At the absolute 
zero there would be absolute conductivity, and it would in theory 
be possible to convey any powerful current of electricity by a wire 
of the thickness of a hair, which, of course, was reducing it to an 
absurdity. (Applause.) 

The President then asked Professor Crookes if he would say 
something about the latest development of photography. 

Professor Crookes said that their latest development of photo
graphy really made it appear possible that soon they might be 
able to follow Sidney Smith's ad vice during the hot weather, 
and take off their flesh to sit in their bones. There was the 
substance in nature which had been termed luminiferous ether, 
and although the limits of vision wel'e extremely narrow, 
there were these further rays continued indefinitely from both ends 
of the spectrum. It was these invisible rays of the spectrum that 
were the most interesting. Professor Hertz Imd demonstrated the 
existence of the electrical rays, and that they had the s,tme speed 
as light rays; and that as they were removed from the light rays, 
they got longer and longer, until they were an inch in length from 
crest to crest, then four inches, then ten inches, ten feet, a hundred 
yards, and a mile. These longer rays would go through many 
substances that were opaque to the shorter rays, and this was the 
effect of the latest discovery that certain of the longer rays would 
go through flesh, but would not go through the bones. They 
would affect the photographic plate, and the result was that a 
'photo of a hand' could be taken showing t,he bones without the 
flesh. He had seen a photo of a hand with a gold ring on one 
finger, and, as gold was also opaque to these rays, there was visible 
the bones and the ring alone. So many of his friends had been 
sending him these specimen photos that he had got quite alarmed 
ilttlie number of skeleton hands. He had been informed that the 
discovery had been already applied in a London hospital in a case 
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Photographing Bones 21 7 
of an obscure fracture, and that the photo had clearly shown the 
ends of the fractured bone. (Applause.) He also understood that 
the effect of these photos had been to convince a certain foreign 
potentate that John Bull had a far Ligger, and stiffer and stronger 
back bone than he had believed. (Continued cheers.) 

The President again tendered t,he thanks of the Society to Pro
fessor Crookes, and the meeting concluded. 
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THE usual monthly meeting of the Chemical and .Metallurgical 
Society was held in the Council Chamber of the Chamber of Mines 
on Saturday evening, April 18th, 1896. Mr A. F. Crosse presided, 
and the members present were' Messrs S. H. Pearce, S. H. Ford, 
R. G. Bevington, G. T. McBride, Chas. Butters, \V. Bettel, S. J. 
Speak, and Dr Garny. There were also present Messrs W. J. Sandow, 
J. H. \Vilkinson, Spooner, Col. Mitchell, Michael Ray (Secretary), 
and others. 

Mr W. J. Sandow) cyanide manager of the Meyer & Charlton Gold 
Mining Company, was elected a member of the Society. 

The Chairman remarked that a good' many subscriptions were 
still due, and in order to carryon the work of the Society it was 
necessary they should have money. 

ANALYSIS OF CYANIDE SOLUTIONS 

Mr Bettel read the following criticism on Mr Clennel's paper on 
" Analysis of Cyanide Solutions" :-

In the opening lines of his paper, Mr Clennel makes a passing 
reference to a paper of mine read before the Society last year. He 
says :-

" I must explain that I do not offer any criticism upon the scheme 
described by M1' Bettel in the paper laid before you at a former 
meeting, further than to remark that his methods seem more 
adapted to the abilities of the skilled chemist than to the average 
man on shift." 

I would ask Mr Olennel to point out how the chemist-in-charge 
or the foreman in a cyanide works (whom I proposed should be en
trusted with the volumetric analysis of cyanide solutions after my 
methods) can be twisted to mean" the average man on shift." JHr 
Clennel then, in the simplicity of his heart, goes on to describe 
processes for the use of the" average man on shift," which he says 
are for estimating (besides cyanide) some other important con
stituents. Mr Olennel calls the method a simple one. I hope he 
will pardon me for suggesting that the "average man on shift" will 
regard Mr Olennel as more simple than his process if he imagines 
that .shiftsman is going to use it. To a skilled chemist Mr Olennel's 
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methods are simple, and some of them accurate. I will now examine 
the methods Mr CIennel proposes fOl' the analysis of cyanide solu
tions containing zinc, the method given for estimation of free 
cyanide in liquors containing no zinc, needing no remark, except 
that it is not new in principle or practice, for examination of 
weak solutions. A far simpler method is to put in about 50 C.c. of 
ordinary soda water to the measured cyanide solution to be treated, 
and titrate at once with one-tenth or one-hundredth normal iodine 
solution, with starch as an indicator. I can answer for the 
accuracy of the method, and can assure Mr CIennel it is more 
simple than his Inethod for the" average man on shift," while it 
possesses the advantage of being executed in one-tenth the time taken 
by his simple process. I notice that Mr CIennel remarks that 
turbid solutions are" best treated with lime and filtered." In my 
paper I wrote, "In order to clarify such (organically charged) 
solutions, I shake them up with powdered quicklime and filter." 
I am pleased that Mr Clennel supports me in this matter. In the 
estimation of cyanide in presence of zinc and other impurities, Mr 
Clennel directs that the zinc should be precipitated by excess of 
sodium sulphide, the excess of sulphide removed and the testing 
proceeded with in the following eminently" simple" manner :-

" A measured volume of the solution is precipitated with sodium 
sulphide in ~light excess. The solution is well shaken, and allowed 
to stand until the precipitate has subsided j a little lime may be 
aJded to assist the settling. The clear filtrate is then agitated with 
litharge or freshly precipitated lead carbonate and an excess of 
sodium carbonate, until all trace of alkaline sulphides is removed. 
A definite volume is now tested with silver nitrate in the ordinary 
manner. It is perhaps advisable to neutralise the free alkali in the 
manner described above before testing for cyanide." 

Now, I ask Mr Clennel, did he intend to playa game of spoof 
on that long-suffering shiftsman ~ for I consider that the average 
man (whether he be on shift or not) would not regard the above in 
the light of a simple process. Now for the opinion of the average 
chemist. That individual would probably remark, with me, that if 
Mr Clennel imagines he can quantitatively separate zinc from 3J 

solution of double cyanide he must first get over the nasty habit 
that hydrated zinc sulphide has of dissolving in cyanide solution to 
a very appreciable extent. Now, Mr CIennel is a very modest man; 
and unlikely to attempt to make Dame Nature alter her laws at 
his bidding; so I must conclude he is unaware of t,he fact that, 
although his method looks very nice and simple on paper, it won't 
work in practice-that is, as I before remarked, quantitatively. 
Then Mr CIennel goes on to describe how the" average man on: 
shift" should .do the estimation of zinc j truly, a pretty one, if it 
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were accurate, but it has probably escaped Mr Clennel's observation 
that his" reactions which he has no exact knowledge of" include the 
partial transformation of the precipitated potassic zinc ferrocyanide 
by the permanganate, vitiating his results. Mr Clennel then 
proceeds to calculate double cyanide and free cyanide, leaving this 
poor unfortunate" average man on shift" in a fog about the com
,plications arising from the presence of sulphocyanides and ferro
cyanides already present in thc solution, not to speak of organic 
matter, unless, to save himself from brain fever, he takes Mr 
Clennel's statement as accurate, and asks that chemist to analyse 
the solutions himself. For what is a poor (average) man (on shift) 
to do when such a task as the following is set him :-

vVe may now correct our reading as follows :
If n = the number of c.c. taken for the test. 

1'= the reducing power of the solution. 
P = Equivalent in permanganate of the quantity of standard 

ferro cyanide added. 
p = Number of c.c. permanganate used in the final titration. 
x = Equi valent of zinc in permanganate. 

Then ,,(; = P -p + 1'n. 

Although this algebraical expt'ession may appear formidable to 
some of you, the operations themselves are of an exceedingly simple 
character, and may be performed, together with the required cal
culation, in the space of a few minutes (by the man on shift). 

One difficulty presents itself in applying this process, and that is, 
that the zinc ferrocyanide precipitate to some extent obscures the 
end point of the reaction. As it is a troublesome precipitate to 
filter off, and does not settle in a reasonable time, I have found the 
best plan is to mix the very slightly acidulated solution with pure 
calcium carbonate, free from iron, immediately after adding the 
required volume of standard ferrocyanide, making up to a definite 
volume (say 100 c.c.) with water, and when the precipitate has 
settled, usually in about ten minutes, decanting a measured volume 
of the perfectly clear fluid, which may then be strongly acidified, 
and titrated with standard permanganate. 

Truly, a ve1'y simple process! Mr Clennel then makes some 
remarks upon the estimation of fel'rocyanides, and proceeds to tell 
the" average man on shift" that he will fj.nd further particulars of 
the process in Thorpe's " Dictionary of Applied Chemistry," article 
Cyanide. Now I may at once inform him (the" a.m.o.s.") that the 
method given in ThOl'pe (de Haen's) is not accurate in presence of 
zinc, unless such precautions are taken a8 are described in my 
pamphlet already referred to. The decomposition of the Prussian 
blue by alkali, and subsequent titration of the ferrocyanide formed 
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· Gold Extraction in Cyanide Works 22 I 

is inaccurate on account of the incomplete decomposition of the ferric 
ferro-cyanide by potash. Mr Clennel then makes the original 
remark that" It is noteworthy that hydrocyanic acid has little or 
no reducing power, and hence ferrocyanides and sulphocyanides 
may be estimated in presence of cyanides." How wonderful ~ 
Many years ago, in Sutton's" Volumetric Analysis," a standard 
solution of potassic sulphocyanide was described as useful for 
verifying permanganate solutions, the equation being :-

CNSH+ 30=S03+CNH. 

Now, a wonl or two about total alkalie;;. To the" a.m.o.s." this 
is a puzzler, for no directions are given, whereas it makes all the 
difference in the world whether the indicator, whether methyl
orange or phenol-phthalein, is added to the solution before titration, 
or whetber (as should be the case) the measured solution is precipi
tated with excess of acid, filtered from the zinc,precipitate, and the 
indicator then added to the filtrate which is now titrated back with 
alkali. It is noticeable that sufficient ferrocyanide should be pre
sent to carryall the zinc down, or the end reaction is not sharp. 
To sum up, ]\IIr Clennel is dissatisfied with my process, which is too 
scientific (so he infers) to place in a workman's hand, and then pro
ceeds to describe one much more intricate and not so useful. I am 
sorrj not to be able to say that his paper has enlightened any of 
llS upon debatable matters in connection with testing of cyanide 
solutions. 

The Ohairman said he thought both Mr Bettel's and Mr Clennel's 
proposed methods would do with a good deal of looking into. The 
methods might be very good to a man who worked them out himself 
and got accustomed to them, but another man might not get good 
results: He hoped members would make observations in regard to 
improved methods, and bring them before the notice of the Society. 

GOLD EXTRACTION IN CYANIDE WORKS 

Mr Pearce read the following paper by Mr W. A. Caldecott 
(who was unable to be present at the meeting) on "The discrepancy 
between actual and theoretical gold extraction in cyanide works» :-

In response to the appeal of the President fot· papers at the last 
meeting of the Society, I have written a few notes on the above 
subject, not in the hope of bringing forward anything strikingly 
novel, but rather to embody in a concise form what I have observed, 
and to elicit the opinions of other members upon this subject. 
Owing to. the accuracy with which assaying may now-a-days be 
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carried out, the theoretical extraction, that is, the difference 
bet\veen the total fine gold contained in any given weight of 
tailings before and after treatment, may be calculated within 
very narrow limits of error. The actual extraction, that is, 
the total fine gold contained in the bullion banked, often 
differs considerably from the former. As the ·causes of this dis
crepancy are not always clear, it is trusted that the following 
detailed statement will elucidate them somewhat. The first 
monthly wash-up, as usually conducted, of a cyanide works, invari
ably yields, as in a battery, considerably less gold than has been 
extracted from the ore. The amalgamator's phrase of "setting the 
plates" has its analogous "setting the zinc" of the cyanide man, and 
means, in either case, that, though not lost, all the gold has not 
been removed from the agent, amalgamated copper plates or filiform 
zinc used to deposit it. In the second month, the discrepancy due 
to this cause in a cyanide works should be considerably less, and in 
the third month all the zinc may be considered as set. It may be 
remarked that attempts during the first two months to minimise 
the discrepancy by letting the zinc run down to low ebb merely 
results in imperfect precipitation, which is equivalent to the loss of 
some of the gold which has been actually dissolved out of the ore. 
This loss may be detected as "soluble gold" in the residues. It 
will be seen below that at times one elTor may counterbalance 
another, as, for instance, an under-estimate of the tonnage treated 
may prevent actual loss from some cause from becoming apparent. 
In a cyanide plant in regular working order it often happens that, 
owing to a wash-up being less thorough one month than another, a 
deficit on one occasion may be counterbalanced by a surplus on 
another. To this cause may be attributed the 101 per cent. actual 
'extraction once obtained on a certain company in an outlying dis
trict. Even in the best works, however, there is usually a small 
deficit, varying on an average from 2 per cent. to 3 per cent. of 
gold which should be obtained, but is unaccounted for, 8xcept on 
the supposition that, even with the utmost care, there is inevitably 
some loss of gold dm'ing the various operations of obtaining it. If, 
howevel', for a period of some months the average actual extraction 
is considerably below the theoretical, the discrepancy may generally 
be attl'ibuted to one or more of the following causes :-

1. ERROR IN ESTUIATION OF TONNAGE TREATED 

As pointed out in a previous paper read before this Society, the 
calculation of the tonnage of tailings by measnre is open to SetiOllS 

objection, and only by tallying trucks, weighing truck loads at 
frequent regular intervals, and determining moisture therein, can a 
close appl'oximation of the tonnage treated be obtained. It need 
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hardly be said that correct, data upon this point are absolutely 
necessary for determining what gold is really dissolved out of 
tailings. 

2. ERROR IN SAMPLING 

The method mentioned at a previous meeting of the Society of 
taking a sample by means of a sampling rod from each truck-load 
'entering aud leaving the works, for originals and residues respec
tively, and subsequently quartering down, is the only way by which 
representative samples can be obtained. The method formerly 
practised of sampling treated tailings in the vats before discharge, 
usually caused the upper and better washed portion to prepon
derate in the sample obtained, which was not therefore fairly 
l'epresentati ve. 

3. ERRORS IN ASSAYS 

, Little need be said on this point, except that the larger the 
amount taken for assay the more the experimental error is mini
mised, and that the average of each week's or month's assays may 
be checked by the assay of a mixture of equal qua.ntities of those 
samples included in the series. The personal equation in the opera
tion of weighing the gold bead is liable, with a series of low-grade 
assays, such as Rand tailings, to cause a certain error. If the con
stant error due to this cause be only a couple of grains per ton too 
high or too low, this may mean a variation of upwards of one per 
cent. from the true theoretical extraction. 

4. LEAKAGE OF GOLD-BEARING SOLUTIONS 

This, especially in the leaching vats, is often a most serious cause, 
not only of discrepancy, but also of actual loss, and can only be 
avoided by proper constrnction in the first instance. As is well 
known, cyanide solutions will often leak away where water is 
retained. In wooden yats this defect is more readily observable 
than in cement tanks, but even when observed, subsequent caulking 
usually serves only to palliate the evil. Wooden vats which have been 
allowed to become dry after having once been in use, frequently 
leak badly afterwards, owing to a slight displacement of the staves, 
and also to sand getting between them, which prevents their taking 
up properly afterwards. A cement floor below the vats serves to 
collect a portion of the leakage. A suitable waterproof material 
for lining the inside of wooden vats is a desideratum. Possibly 
soluble cellulose might be applied to this purpose. 

5. LOSS IN HANDLING GOLD SLIMES 

Under this head 'may be included gold slimes, which after pre
cipitation are mechanically carried on into the sumps by the force 
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of the cnrrent in the extractors. The remedy of more extractors, 
or a lower speed of solution, is obvious. Similarly, some finely 
divided gold is liable to pass throngh the filters used for draining 
the gold slimes during washing-up, and it is hence advisable to rnn 
all solutions, filtered or otherwise, from the zinc boxes, after once 
the zinc has been disturbed, into a small settling vat_ From this 
the bulk of the solution, after thorough settling, can be drawn off 
from above, and any deposited gold can be cleaned up every few 
months_ In every handling of gold there is a liability of loss, and 
this is very liable to occur during a wash-up by finely divided gold 
passing up the flue as dust during roastiug and smelting_ 

6. GOLD LEFT IN SLAGS 

This, of conrse, is not wholly lost, as part may be recovered by 
crushing and panning or sluicing, whilst the residues can be sold to 
smelters. By care, however, and proper adjustment of fluxes, the 
gold contents of slags, as produced and before panning, may be 
brought down as low as 36 ozs_ fine gold per ton, in which case 
they hardly pay to crush, but may be disposed of as produced. 

7. ERROR IN CALCULATION OF RETURNS 

This is a purely clerical matter, and requires little more than 
mention. Proper tabulated records of the day's work greatly lessen 
the chances of erl'Or_ In a long series of calculations but few in
dividuals are capable alone of checking their own work, unless 
diverse methods of arriving at a desired'result be available. 

8. THEFT 

With regard to this, it may be observad that gold slimes are not 
so tempting a booty as amalgam, owing to the greater skill and 
appliances necessary to convert them into bullion_ 

DISCUSSION 

Mr Butters said there was one thing that occurred to him at the 
finish of the papel'; there was a great deal more loss in sweepings 
than was generally supposed, and one did not realise how much was 
lost in the sweepings until he started to treat them himself. At 
his works he had a very large dust chamber attached to his roast
ing furnace; he thought it was the only large dust chamber 
attached to any roasting furnace on the fields. They had made 
two or three average assays, and he believed one assay was 250 
ozs. of gold collected from the chamber dust to the ton, and one 
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125 ozs. It did not take very much dust of that grade to make it 
worth while collecting, and the dust collected in the yard outside 
the smelting-1'00m assayed 6 ozs. per ton. It showed how a con
siderable loss occmTed constantly in the handling of slimes. The 
ashes collected under the smelting furnace averaged 6 ozs. a ton. 
He did not think that as a rule the full recovery was obtained 
from the ashes. He thought a heavy loss occurred in the pots. If 
they took the slag, they would find it ran about 100 ozs. to the 
ton, and after it had been crushed and treated, it would again run 
about 40 or 50 ozs. There was only one way to handle crushed 
pots, and that was to hand them to the smelter. The average 
concentrate was 4 ozs., and the avel'age ashes 6 ozs.; and when a 
man threw away the ashes, he was throwing away something that 
was worth 50 pel' cent. more than the concentrates. The gold in 
the ashes, he thonght, was one of the unaccountable losses which 
were never traced or found, and there was a tremendous loss in the 
sweepings. ]'rom a furnace which he took down here he recovered 
from the bricks, mortal', and ashes 220 ozs. of gold. Anyone of 
the old furnaces used for the roasting and smelting of gold would 
run about 20 OZR. to the ton. These things all helped to make up 
unaccountable losses. The loss was minimised by the pretty good
sized ton that was put into the vat. (Laughter.) 

Mr Pearce asked Mr Butters what he got for a ton. 
Mr Butters said he tried to get as near a ton and a half for a 

ton as he could. (Laughter.) It took more cubic feet of sized 
sand to make a ton than it did of unsized sand. He had thought 
of calling attention in a small circular to the various managers of 
the losses that occurred in the smelting-room that might be saved. 
It was the business of the metallurgist and the assayer to watch 
these thing:;. It was not a very difficult thing for any metal
lm'gist to save his salary many times over in little losses that 
occurred round his place. He had lost 200 or 300 ozs. in 
the works in a month, and could not put his finger on it 
anywhere. 

Mr Bettel said that there was for some time at the Primrose an 
unaccountable discrepancy between theoretical and actual extrac
tions which could not be easily explained. The cause was traced 
to the sample of residues (containing a certain amount of gold 
solution) being collected in wooden boxes, permitting the drainage 
of the gold solution; the residues coming out poorer by assay than 
they should have done. By collecting the residues in water-tight 
vessels the discrepancy disappeared. The careless way in which 
rich material was worked on these fields was simply astounding to 
men who had worked in the Old Country. As soon as metallurgists 
recognised that the rich material they were treating might be as 
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easily carried away when dry, by air cnrrents, as dust in a dust 
.storm, then they would hear less about unaccountable 10;;8es. 

Mr McBride said to his mind the reasons gi ven by Mr Caldecott 
in his interesting paper were very valuable, e~pecially to those 
working in the cyanide process, and he thought his first reason was 
one of the most important ones. Ml' Butters had given them some 
valuable information with regard to these discrepancies. With 
referencc to the cubic capacity of a ton in settling vats, he thought 
a committee of this society ought to go into this matter so as to 
establish a basis on which they could reckon their tonnag·e. Speak
ing of settling vats, in going rOlmd some of the companies he had 
endeavoured to find 'out what cubic capacity made up a ton, and 
so far as his inve~tigation went 20'4 to 23 cubic feet is being 
used. In some tests made by him (Mr McBride), by placing a per
forated cubic foot box in different parts of a settling vat, he found 
the measurement went as low as 17 cubic feet dry weight to the 
ton in some instances, whereas at other times it would go over 21 
cubic feet. The difficulty was to get an average that they could 
use for a working basis. He knew for a fact, on the Rand here in 
some of the large companies, as much as ::;3 cubic feet to the ton 
,was taken. SuppoHing that the one who took 20'4 cubic feet to 
the ton was right, the other who took 23 feet was ont more than 
10 per cent., and if he was getting his actual extraction to tally 
with his theoretical, he was making a mistake to himself of over 10 
per cent. If a committee were appointed to go into this matter, it 
would help cyanide managers very much in getting at a basis on 
which fair calculations could be got at. With regard to leaching 
vats, nir Butters had told' them that 26 cubic feet was a fair 
average. They knew that in the early days as much as 32 cubic 
feet were used. He found 24'S in the leaching vats kept a higher 
actual exbraction than a theoretical one. 

Mr Butters thought Mr McBride's suggestion a very good one. 
They had at present no means of comparing results, and if they 
could in some way settle that question they would be doing some
thing of value. They were not doing much as a body to bring 
themselves forward. They ought to make more of a stand than 
they did, and be (\f more assistance to the mining industry as a 
society. He thought the metallurgists and chemists did not take 
the po~ition on these fields that they ought to, and which the value 
of their work should give them. They filled very responsible posts, 
and he did not think a great many of them realised what Yery 
important work they were doing. They ought to try, as 1\11' 
McBride suggested, to establish standards. They were the proper 

. people to be the authority on these questions. 
The Ohairman suggested that members who had had experience 
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with cyanide works should brin~ forward their ideas as to how 
many cubic feet went to a ton. He did not think it was necessary 
to form a committee to visit the various milleR. He pointed out 
how variation in the stuff treated might rendel" necessary differences 
in the cubic footage of a ton with different companies. This WftS 

the fir~t tiUle, he thought, that losses in gold extraction had been 
made public. 

J'lir Pearce thought the reason it had not been brought up ·before 
was because the majority of them had been too well aware of it. 
(Laughter.) It was very usual for very high gold-bearing matter, 
in the shape of bricks, slags, and other things, to be actually thrown 
away. When he first went to the Sali~bury he recovered 200 ozs. 
Df gold from slags lying outside the office door. . That was .only a 
small item. At the Nigel he had to throwaway stuff because he 
had no purchaser, and until that night he did not know there was 
a buyer for it. . 

The discussiou WftS adjourned until the next meeting of the 
Society. 
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THE Annual General Meeting of the Members of the Chemical and 
MetallurgicfLl Society was held on SfLturday, 20th June, in the 
Council Chamber of the Chamber of Mines. Mr A. F. Crosse 
presided, and the members present were-Messrs W. Bettel, Mat
thew Rogers, W. J. Sandow, S. J. Speak, W. A. Caldecott, J. R. 
Willia;ms, Alex. Mennie, S. H. Ford, A von Gernet, W. R. Feldt
mann, R. G. Bevington, Prister, A. F. Stewart, S. H. Pearce, Dr 
Loevy, and Michael Ray, Secretary. There were also a few visitors. 

ANNTT AL REPORT 

Mr Michael Ray (the Secretary) read the Council's second annua] 
report as follows :-We beg to submit our report on the progress. 
etc., of your Society during the second year of its existence, dating 
from June 15th, 1895. The period under review will be long 
remembered by all of you on account of the man" troubles and 
vicissitudes we have all of us experienced, and the circumstances 
themselves will sufficiently explain the fact that this year has 
not been propitious to the advancement of the Society and its 
cause. We have, however, held seventeen council meetings for the 
purpose of arranging general business, and the monthly meetings. 
etc., and we may say that we have been much retarded by the diffi
culty experienced in obtaining the necessary quorum, from various. 
causes. Nine ordinary monthly meetings have been arranged and 
held, which have been productive of much valuable information, and 
hfLve obtained a very fair attendance, in many instances being 
honoured by the presence of men high in the scientific world, such 
as Professor Crookes, Dr Hahn, and many others. The meetings 
held are as under :-

1895. 
June 15.-First Annual Meeting. 
July 27.-Inaugural Address froID the President; and "Dry 

Crushing in Chili," by C. W. Lee . 
.A ugust 17.-" Analysis of Cyanide Solutions," by W. Bettel~ 

and discussion. 
October 12.-" 'Welsh Copper Smelting," by J. R. Williams;. 
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" Electro Refining of Copper," by A. von Gernet; remarks on the 
Cyanide Process, by A. James. 

November 16.-" Antiseptics," by M. S. Higgs; Presentation to 
the late President. 

December 21.-" Analysis of Cyanide Solutions," by J. E. 
Clennel; "Notes on Cyanide Plants," by F. Irvine. 

1896. 
F~bruary 22.-Address by Professor Cr00kes; General Dis

CUSSlOn. 

April 18.-" Discrepancy between Actual and Theoretical Ex
traction in Cyanide Process," by W. A. CalJecott, and discussion 
on M r Clennel's paper. 

May l6.-Appointment of auditors; meeting afterwards post
poned by general consent. 

"Ve have to report that the arrangement referred to in the 
last report in regard to sharing the services of a Secretary and 
the use of a room jointly with the Association of Engineers and 
Architects, has been carried into effect, and has proved of mutual 
benefit, and by virtue of the continued courtesy extended to us by 
the Chamber of Mines, we have now far better arrangements for 
holding our meetings, and a pleasant room, which is rented from 
them, is at all times available for members, where there is accom
modation for writing and reading the numerous papers subscribed 
for by the Society. We may here express our regret that the mem
be,rs do not more frequently avail themselves of the same. During 
the past year it has been found necessary to make considerable 
additions and amendments to the original bye-laws, which same 
have been duly voted on a~d passed at various meetings. New 
Looks have been printed, and can be obtained upon application to 
the Secretary. In regard to finances, we are pleased to be able to 
state that, notwithstanding the increased expenses incurred by more 
liberal arrangements for your benefit, the cash balance in hand re
mains very nearly the same as at the last annual meeting. This 
has only been accomplished by a very careful nursing of the funds 
and supervision of expenditure. The amounts as shown by the 
'balance-sheet are :-

Balance, June 15th, 1895 £133 7 3 
By Entrance Fees 33 12 0 
Subscriptions 111 6 6 

£278 5 9 
Less various charges 161 8 0 

Cash balance in hand £116 17 9 
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This we may consider as being very satisfactory. In addition" 
there remains an amount of subscrip,tion due by members tempor
arily ausent from the country, which, if paid, would have made the 
credit balance even larger, and we recommend to our successors a 
still ,more liberal policy, now that the preliminary difficulties attend
ing the foundation of the Society are so far removed. Mr Pearce 
having early in the financiul year resigned the position of Hon. 
Secretary, Mr Gordon Mackay was appointed in ,terms of the 
alTangements made with the other Association, but we regret to say 
that his work left much to be desired. Our present Secretary, Mr 
Michael Ray, was appointed in his place, and he has done very much 
towards the present po~ition of the Society. It is recommended 
that with reference to the reprints of proceedings, the incoming 
Council be empowered to republish the transactions for the last two 
years in one volume, to be issued to members at lOs. Bd. a ':volume. 
If this be agreed to, the preser.t Council will take between them 
forty-one copies at this price. 

THE PRESIDENT'S ADDRESS 

The President, in proposing the adoption of the report, said: 
In rising to propose t~e adoption of the report drawn up by the 

Committee for the past year, I should like tci make a few remarks. 
This evening I am in very much the same position as the chairman 
of a gold mining company who appears before the shareholders to 
report on the second year of working. It often happens that in the 
report of the first year's working things appear more flourishing than 
in the second year's report. During the first year much of the best 
ore has been crushed, and a fine extraction is shown per ton; a large 
quantity of the same class of stuff is "visible," or at least supposed 
to be, and everything looks most promising for the next year. I 
will ncit enlarge on this simile, but I naturally hoped that the large 
increase in the number of our, members would result in a propor
tionate increase in the papers to be read at our meetings. This, 
however, has not been the case. Doubling the number of stamps in 
a battery does not always double the output. During the greater 
portion 'of my term of ,office as your President, it haR been often 
impossible to hold our monthly meetings,. owing to the political state 
of things. One of my great difficulties has been the reluctance of 
the members to read papers at our meetings. I also find that fewer 
members take part in our discussions than '1 had expected. The 
chief object of our Society at these meetings is to discuss important 
metallurgical questions of the day, and it is the duty of each one of 
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The President's Address 23 1 

you to take his part in these debates to the best of his ability. If 
the bill of fare be not sufficiently varied, the members blame the 
Council, and the Council blame the President. This reminds me of 
a certain difference of opinion which exists among the members of 
our Council ag to where the line should be drawn regarding adverse 
criticism on the papers read. I have my own opinion on the suqject 
-that, af\ our reports are published, we should be very careful how 
we criticise each other; and though we llIay ditl"er strongly from 
the opinions brought forward by brother professionals, we should 
sta te our opinion in as courteous a manner as possible. There ought 
to be sufficient esprit de C01pS among us to deter our wishing to 
make' a brother professional appear ridiculous in the eyes of the 
public. Were we fencing, we should not take the buttons off the 
foils.' Our skill would be better displayed than in unnecessarily 
wounding our adversaries. This is, however, a matter of opinion. 
I merely state mine. Perhaps you llIay not agree with me. SOllie 
of the members have suggested that it would help the progress of 
the Society if our meetings were made more conversational. I, 
however, do not think so ; short notes on matters of special interest 
would often suggest most interesting disc1lssions. Several of us 
have assisted the Chamber of l\'[ines, as members of the Patent 
Committee, and the absurdity of trying to use Dutch as the official 
language in technical matters is very apparent when reading the 
applications for patents, these applications being re-translated into 
" Pretoria English." One man claimed that he required" a large 
flowing space for his blue stuff connections to treat his assiduous 
residues." (Laughter.) I hope he got what he asked for, and 
obtained the sole right to use it. The Patent Laws, however, I 
think, require amendment. The applicant for a patent should have 
the right of appeal if his application be refused, but he should be 
required to give security for costs. During the past six months 
public events have seriously interfered\vith the work of our Society, 
but I trust that during my successor's term of office no troubles of 
this kind will arise to disturb the even tenor of OUt· way. I hope 
that the government of this Republic will do its best to assist the 
mining industry, which practically supports the whole State. I do 
not, however, intend to'tonch on politics. Before sitting down, I 
move the adoption of the Committee's report and statement of 
accounts, and I hope that you will not forget the difficulties we have 
had to contend with during the past year, and that you will give to 
my successor the support that you have so freely given to me, and 
that each individual member will do his best to make the Society ~ 
success: 

l\'[r Bevington seconded the adoption of the. report, which was 
agreed to. 
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NEW MEMBERS 

Messrs Oswald R. Swete, AI.E.E., Robert Lowe, Gustav Stiebel, 
L. Ehrmann, H. .T. C. Keymer, A H. Hartley, H. Sprengel, 
A Salkinson, and F. C. Poole were balloted for and elected members 
of the Society. 

ELECTION OF OFFICERS 

For the position of President, Messrs Feldtmann and Pearce were 
nominated, with the result that the former was elected. 

The Chf1irman expressed the hope that the members would give 
Mr Feldtmann every assistance in their power. He was sure that 
gentleman deserved it, as he had done everything he possibly could 
to forward the interests of the Society, and it was with great plea
sure he relinquished the office into his keeping. 

Mr Feldtmann expressed his appreciation of the honour done 
to him, and said he would try and merit the confidence reposed 
in him as long as he retained office. 

Messrs Pearce, Loevy, Williams, and von Gel'net were proposed 
for the post of Vice-President, and, after a ballot, the former was 
declared elected. 

Messrs J. R. Williams, T. VV. vVood, A. von Gernet, G. T. M . 
. McBride, S. J. Speak, J. Littl~john, G. A. Darling, and Dr Loevy 
were elected to form the Council. 

REPRINTED PROCEEDINGS 

Mr vVilliams, referring to this matter, said it would be valuable 
to all of the members to have the reprinted proceedings of the 
Society in a concise book. It would cost the Society about £75, 
and he thought, with the present state of their' funds, they ought 
to have some form of guarantee that they would have the bulk of 
that amount taken up. If they could guarantee that 100 copies 
would be taken, that would mean £50, and he thought the Society 
could afford to pay the remaining £25. Some of the papers were 
very interesting, and would be very useful. He proposed that the 
papers be carefully revised and printed as suggested. 

The Chairman said they could reckon on about 50 copies being 
subscribed for by the Council, and if another 50 copies could be 
subscribed for by the members, the Society could take the risk 
easily. 

It was decided to leave the matter in the hands of the Council. 
The Chairman, in order to help his successor, again asked each 
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of the members to bring up matters for discussion-either to read 
papers, ask questions, discuss matters brought forward, 01" bring 
short notes, which would raise exceedingly interesting discllssions. 
They had had great difficulty during the past year in getting 
papers. 

Owing to the lateness of the hour, the continued discussion on 
NIr Caldecott's paper on the discrepancies between theoretical and 
actual extraction in cyanide works was postponed. 
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THE monthly meeting of the Chemical and Metallurgical Society 
was held in the Hall of the Chamber of Mines on Saturday 
(July 18th, 1896). There were present-Messrs W. R. Feldt
mann (in the chair), LittI~iohn, T. W. 'Wood, W. Bettel, S. H. 
I'earce, E. H. Johnson, Dr F. Garny, Pri!ster, A. von Gernet, S. J. 
Speak, J. Pearce, A. F. Stewart, R. G. Bevington, R. E. Hall, 
F. C. Poole, L. Schlunde, A. H. Hartley, M. Rogers, H. L. Lezard, 
C. W. Lee, H. J. C. Keymer, F. C. PengiIly, S. H. Ford, 
A. Mennie, G. McBride, T. W. Dukes, R. A. Alston, E. T. Bentley, 
D. M'WiIliams, H. C. Fletcher, M. L. Mulholland, C. H. Chap
man, A. Russell, with the secretary, Michael Ray. 

The attendance was greater than at the previous meeting of the 
Society. 

NEW MEMBER 

Mr Spargo waB elected a member of the Society. 

THE PRESIDENT'S ADDRESS 

Mr W. R. Feldtmann, the new President uf the Society, then 
read his inaugural address, which was as follows :-

Gentlemen- It is becoming, or has become, one of the traditions 
of tbis Society to commence each new year of its existence with a 
so-called inaugural address; and it behoves me on this, the first 
occasion on which I have the honour to preside at one of our 
meetings, to follow the established routine by inaugurating our 
New Year with a few remarks from the chair. The chief object 
of so doing, I take it, is to endeavour to suggest new spheres of 
activity for a portion of the ingenuity and talent of our members, 
to indicate lines for future useful work, and to provoke discussion 
on points of interest to us all. 

I have lately heard our Society referred to as the "Gold and 
Cyanide Club." This, presumably, was meant to be a reflection 
on what may be considered a somewhat one-sided application of 
energy on the part of the members of the Society. It is quite 
true that, with some two or three notable exceptions, all papers 
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read at our meetings have had a more or less direct bearing on the 
metallurgy of gold, with particular reference to the cyanide 'treat
ment of gold ores. But, when we consider that the paramount 
i.ndustry of this country is the extraction of gold, that practically 
every member of our Society is connected with the industry in one 
way or another, and that our Society actually owefl its inception 
:uid existence to the same industry, then I think we m,ay consider 
we are justified in interesting ourselves in all matters relating to 
the metallurgy of gold, even to the verge of monomania and the 
rather extensive exclusion of other topics. It is far from my 
desire that these remarks, whieh are intended merely as a justifi-' 
cation of the past, should be taken as a cast-iron declaration of 
future policy, Indeed, I hope that this year some of our members 
-less wedded to gold extraction than the ma:jority of ufl-will 
launch out into some other branch of chemistry or metallurgy, and 
perhaps by so doing give some incipient industry a fillip which will 
lift it into the front rank, and provide an outlet for the spare 
capital of the enterprising but wary investor. In the meantime, 
until we have a new and important technical industry to which to 
turn our attention, it is probable that the most of us, tied down by 
stern force of circumstances, will continue to strive for 100 per: 
cent. gold extractions at a cost approaching, afl nearly as possible, 
nothing pel' ton, and will profit by these meetings to exchange 
what knowledge we possess likely, to accelerate the desirable 
consummation. 

In his valedictory ~ddress our past President made a reference 
to the difficulties besetting the chemical inventor in this country,' 
or 'at least suggested that an inventor should 'have a chance of 
appeal in case of his application for a patent being refused. It 
may be desirable that bona-fide inventors should have greater 
facilities for obtaining protection than are at present gmnted 
them; but there is another class of gentleman to he dealt with 
--a class outnumbering the real inventor by about ten to one. I 
refer to the gentleman who, with a conscientious perseverance and 
modest absence of ostentation worthy of a better cause, applies' 
himself to the, pel'll sal of a chemical dictionary and a file of old 
patents, and trots off tq Pl:etoria with what may be termed a 
"compilation patent "-very ingenious, utterly useless, but above 
everything his ".own true and original invention \ " The less 
encouragement that kind of land-shark meets with the better for 
the industry, and it seems to me that it would be a difficult thing 
to facilitate matters for the inventor without also encouraging the 
"c~mpilation incubus." I uilderstand that patent applications 
when opposed at all are mostly opposed by the Chamber of Mines 
on behalf of the gold industry. The Chamber of Mines, ag;;in, 
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before opposing a chemical patent, takes counsel with a select 
committee of members of this Society. I trust I am right in 
supposing that our representatives on the Patent Committee 
consider chemical applications, and report thereon in an abso
lutely impartial spirit j and that the Chemical Society as a whole 
can feel perfectly confident that no good, useful and novel appli
cation will be opposed by advice of their representatives on the 
Committee. 

Now, as to the qnestion of possible future improvements in the 
cyanide process. It surprises me that so little has as yet been done 
towards lessening the irksomeness of a clean-up in works where zinc 
precipitation is used. It seems to me that it is largely due to the 
dirty .and disagreeable work of cleaning up zinc boxes that the 
electric precipitation on these fields has obtained such popularity as 
it possesses. In one or two rare instances, I am prepared to admit 
precipitation by zinc has not proceeded quite satisfactorily, but bad 
precipitation appears to be due in almost every case to preventable 
causes. Reverting again to the clean-up, another drawback was 
pointed out to me the other day by a cyanide works manager, who com
plained of irregularity of output owing to the zinc shavings plating 
more one month than another. That certainly must be a serious 
defect in the eyes of company directors, who naturally like to fore
see their probable results on the month's work. Surely it should 
not be impossible for the members of a technical society like ours to 
evolve a workable system of regulating the output from zinc boxes, 
to bring it into some kind of proportion to the gold extracted from 
the ore, and of making the operation of cleaning up generally easier 
and less subject to loss. What we require is a combined chemical 
and mechanical process for removing all or nearly all of the gold 
from the zinc every month, and a proper series of appliances for 
purification, by means of acid, of the gold before smelting. I should 
like to impress upon the members that remarks-not necessarily 
long papers-from those actually engaged on cyanide works as to 
precipitation obtained from various strengths of solution would be 
of great interest in connection with zinc precipitation. I feel con
fident that were the same amount of ingenuity to be expended on 
the working and cleaning up of zinc boxes as our colleagues of 
the Rand Central Company have devoted to electro-precipitation, 
there would not-or I am greatly mistaken-be much more heard 
of the electric precipitation with its enormous initial outlay and 
costly working expenses. I hope my friend M l' von Gernet will 
try and convince us all that I am in error in saying this, by giving 
us a revised edition of his views on zinc versus electric precipitation. 
It may be as well to mention here that I have already obtained Mr 
von Gernet's promise to give us some information on the subject of 
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issuing bullion returns in countries other than the Transvaal. It 
seems a curious anomaly that a certain number of bars of bullion 
vat'ying tremendously in assay value, should, in the Chamber of 
Mines returns, be lumped together with painstaking accuracy as to 
weight, as so many ounces of "gold," no effort being made to 
reduce [tIl the companies' outputs to the same standard of fineness. 
The exceedingly complete and instructive returns of the Chamber of 
Mines lose a great deal in accuracy owing to thi::, one defect. 
Within the next few months I anticipate the much-vexed problem 
of dry crushing and direct cyanding will be put to a thoroughly 
practical test in this country. The Afrikander Company, in 
Klerksdorp, are erecting a plant calculated to crush and treat 
10,000 tons per month. From extensive experiments which have 
been carried out, I have every confidence that the results of the 
cyaniding will be satisfactory, and will promote the question of dry 
crushing from the region of debate into a matter of practical and. 
useful technology. 

There is a point on which I should like to touch concerning the 
latest development of the cyanide process, i.e. the treatment of 
battery slimes. When Mr J. R Williams shall have got the fine 
new plant at the Crown Reef fairly in working order, I trust he will 
give us a paper on results obtained. If I might make a suggestion, 
it would be that he hold forth at the slimes works if permission can 
be obtained for our Society to vi~it the plant some afternoon to suit 
the convenience of a majority of the members. 

It is a matter f01' regret that Dr Loevy was unable, before leav
ing for Europe, to give us a paper he promised embodying the 
results of some of the work he has done in connection with liquor 
analyses. It is a subject which would have interested the majority 
of us very greatly-in an indirect way, of course. 

There is a somewhat comprehensive programme on the agenda 
paper for this evening, so I will draw my remarks to a close. 

In concluding, I would impress on the members, as my prede" 
cessor has frequently done before me, that the raison d'etre of our 
Society lies in the full discussion of such points arising in the 
ordinary course of technical work as much as in announcing 
results of laboratory research, and I trust no one will consider any
thing, at all out of the common, too trivial to bring before the 
notice of the Society at monthly meetings. . 

Your past President is of opinion that the eloquent silence of the 
majority of our members up till now has been in some degree due 
to the severity with which a few papers have been criticised at the 
meetings. In the discussion on the past President's valedictory 
address, each member will this evening have an opportunity of ex
pressing an opinion as to what size of bludgeon he would prefer 
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used on him. In future we may then expect the critics to adapt their 
thrusts and blows to the thickness of armour worn by the majority. 

MONTHLY OUTPUT 

Mr A. von Gemet contributed the following paper on the pre
sent method of declaring the monthly output of gold of the Wit
watersrand District, with suggestion for its altenltion :-. 

Mr Chairman and Gentlemen,-I have a resolution to submit to 
yon for consideration this evening ~vhich I hope will meet with your 
approval. It is npon the important matter of the declaration of the 
monthly output of gold from these fields. . 

As you are all aware, the output of gold is now declared by the 
Chamber of Mines and the Association of Mines, and they continue 
to follow out the practice which has hitherto obtained, of declaring 
the output in bullion ounces. 

We are aware that an ounce of gold bullion as obtained in this 
district varies most considerably in value, by reason of the different 
chemical processes which are now in use, and by the variation 
which occnrs in the value of the mill gold produced, caused by the 
presence of silver and alloy to a varying extent according to the 
situation of the wines and the depth at which they are working. 

When the present system of declaring the monthly output of gold 
was £rst int.roduced, the whole of the production of this district 
was obtained by mill yield from free milling ore, and the output 
might then fairly have been considered to be of an average value 
per bullion ounce, but this no longer exists, and to-day the monthly 
declaration is made in ounces which vary from say 600 fine-in the 
case of ~ome cyanide gold-to 995 fine in the case of chlorination 
gold, or from say £2, lOs. lId. per ounce to £4, 4s. 6d. per ounce, 
.Home values-which shows a difference of £1, 13s. 7d. per ounce. 

The Witswatel'srand Cham bel' of Mines has adopted the practice 
of declaring the values of the monthly output, which of course is of 
the utmost importance in considering the results obtained in this 
district; but I would submit for your consideration that the output 
of this district should be either declared in £ sterling, with no 
declaration of output in ounces, or else the declaration should be 
made in fine ounces. 

The value of a fine oltnce of golu is known a)l over the world, 
and if the output was declared in fine ounces it would be an intelli
gent and proper declaration to make which the present method falls 
(,hort of. 

I think you will a?ree with me when I say that t.he ontput of an 
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,important gold-producing district like the "\Vitwatersmnd, which 
now stands second or third in the world's production of gold, should 
declare its output in snch a manner that no possible exception 
could be taken by any other country to our methods. 

If we refer to the Ohamber of Mines declarations for the past five 
years, we find that the annual declarations are as follows :-. 

A vcrage fineness 
based upon a 

Ozs. Value. Value pel' fine ounce be-
Ounce. lng equal to 

£ £ s. d. £4, 38. 6d. 
1890 494,817 1,735,491 3 10 1'7 840 
1891 729,238 2,5156,328 3 10 1'3 839.5 
1892 1,210,868 4-,297,610 3 10 11'8 850 
1893 1,478,477 5,187,206 3 10 2 840 
1894 2,024,163 6,963,100 3 8 9'6 824 
1895 2,277,640 ' 7,840,779 3 8 10'2 824.5 

The difference in the value of the bullion ounce when comparing 
1892 with 1895 shows that it is worth 2s. 1d.less in 1895 than it 
was in 1892. This difference upon the output of 1895 would 
amount to £237,000-that is to say, had the fineness of ,the 
bullion produced in 1895 been equal to that produced in 1892, the 
yalue of the 1895 output would have been increased by £237,000. 

Other large gold-producing countries declare their gold produc
tion in fine gold, and I think you will agree that this important gold
producing country should also declare its output in the same way. 

The argument to be used against my proposal will probably be 
that by adopting such a course as I now suggest the output of the 
Rand will show sueh a diminution that it will affect the industry 
from a market point of view. Sn~h should not be likely if ample 
notice is' given of the proposal to change the present method, and 
of course it is apparent to all that the value of the output is not 
affected. 

Also it J?1ay be contended by some companies that they do not 
know the fineness of their bullion, but I think that there are very 
few companies' in this district who neglect the important matter of 
assaying their bullion before shipment, as without the knowledge it 
affords it is impossible to correctly arrive at the actual results 
obtained in the mill, cyanide works, .\lc. 

One of the benefits to be derived from the proposed change will 
, be that it can be seen exactly what each company is actually yield
ing in fine gold. To-day we know what is obtained in bullion, and 
it is very misleading when returns are worked out to show the 
bullion, oz. pel' ton i~stead of the fine oz. per ton. 

Further, the adoption of the course I now suggest will enable a 
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more accurate compilation of statistics to be made by the Ohamber 
of Mines and Association of Mines. The Ohamber of Mines 
calculates the value-when it is not declared by the companies-at 
£3, lOs. per ounce for mill gold, and £3 per ounce for cyanide 
gold, which is probably not always correct, and shows the yield per 
ton in bullion instead of fine gold. 

I therefore beg to propose :-
That this Society approach the Witwatersrand Ohamber of Mines 

and the Association of Mines with the suggestion that the 
present method of declaring the output of gold of the Wit
watersrand district be discontinued after due notice, and that 
the output be declared according to some fixed standard. 

Mr Bettel seconded the resolution, which was carried 
unanimously. 

It was decided to postpone the discussion of the past President's 
address until the next monthly meeting, owing to the absence of 
the past President. 

DISCUSSION ON MR CALDECOTT'S PAPER 

Mr Von Gernet said the determination of tonnage in cyanide vats 
is always most difficult, and he certainly approved of the suggestion 
that had before been made for the appointment of a committee to 
obtain information. The density of the tailings and the number of 
feet to the ton depended principally on the way in which the tail
ings were filled into the vats. Generally in the mines they had the 
same number of cubic feet to the ton, but from various causes the 
actual quantity in these measurements varied considerably. 

Mr Speak said he had assayed the ashes in his furnace, and 
obtained a result of 23 dwts. only; and in the matter of flue dust 
he had taken a bucketful-say about 30 Ibs. weight-which went 
8 ozs., and this was all the dust that he could gather. He men
tioned these points because they varied considerably from the 
astonishing figures that Mr Butters gave in the first discussion. 
There might, of course, be a very considerable loss in roasting. It 
seemed to him that the important points in connection with the 
whole matter were the sampling and the tonnage. He had had 
very astonishing results by sampling direct filled tanks. In one 
tank he got a 5 dwt. result, and on discharging the same tank with
out treatment got 40 dwt.s. only. Then there were great variations 
in the density of the contents of the tanks, caused by settling under 
water, or settling as the water was running off. The latter always 
gave the greater density. For his own part he always considered 

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
)



Discussi011, 011, Mr Caldecott's Faper 241 

fLbout 20t cubic feet to the ton, and in his experience this generally 
came out pretty right; but of course it depended on the method of 
filling. 

Mr McBride thought the idea of so many hundred ounces lying 
outside cyanide works, according to Mr Butters' statement at a pre
vious meeting, was rather calculated to give outsiders false ideas. 
They were, it was true, wanting improved processes, and they were 
improving from the days when managers were glad of a heavy 
thunderstorm to wash away some of their heaps of tailingH. Mr 
Caldecott's paper seemed to him divided into two parts-namely, 
Itctual losses and theoretical discrepancies. It was quite possible 
that some might say, "Oh, bother the discrepancies, give us the 
gold!" but he thought it was hardly for the Chemical Society to 
admit any such thing as that. They wanted to go thoroughly into 
the discrepancies, and reconcile them as much as po~sible.. It would 
be a very good idea, now that they had had a paper from the 
cyanide point of view, to have a paper from the point of view of the 
battery manager, for quite as great discrepancies occurred in the 
battery as in the cyanide works. (" Much more!") It was a 
great pleasure to him to see that the managers on the Rand were 
seriously taking into account the avoidable losses by erecting special 
plant to minimise these as far as they could. One very good thing 
was cementing the floors of the extraction houses. He had himself 
dug up the floor of an extraction house, and got therefrom over 20 
ouncefl of gold. All this loss was saved where the floor was 
cemented, and all the drainings led into a well, from which they 
could be pumped up and dealt with. He also mentioned such other 
improvements as filter vats at the head of the extractor boxes, and 
filter presses for treating the clean-up of gold slimes. Evim with 
all these improvements there was room for very much more to be 
done. For instance, there was very great risk of loss in refilling 
the pots in the furnace; and where it was the custom to shovel in 
the loose stuff, or to put it into the crucible in paper bags, there 
was almost inevitable loss. So far as he was aware, the' process 
that Mr Bettel had instituted at the Primrose minimised the 
possible loss. In it the top of the slimes in the pot was covered 
with a thick layer of borax flux, and then a lid placed on the 
crucible, which was not removed during the operation. 

The Secretary then read Mr Caldecott's paper, containing his 
reply to the criticisms previously uttered. It was as follows :-

Mr President and Gentlemen,-I regret that owing to work up 
country I was unable to be present at the last meeting of the 
Society, and to hear the remarks of the members upon the various 
causes of loss of gold. With regard to the proposal to establish a 
fixed standard of tonnage in the form of a certain number of cubic 
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feet of tailings to t~e, ton, I :am afraid this is imptacticable,ancl 
would give no more ,accurate results than if a certain bulk of tail
ings were taken for assay instead of a certain weight. The weight 
of a cubic foot of tailings in, a box of :that size is a vel'y differelJt 
thing to the weight of a cubic foot of tailings at the bottom of a 
deep leaching vat when half a dozen truck loads have been dumped 
on top of it. As pointed out in a previous paper, read ,before ,thi~ 
Society, the number of cubic feet of tailings to the ton is an amount 
ever changing, not only from Company to Company, but even from 
day to day on the same Company. It depends upon the four follow
ing factors, which are liable to continual variation :-1. Moistu1'e; 
2. P7'essure" dependent upon depth in the 'vat; 3. Composition, 
both, in the proportion of quartz, pyrites, etc., constituting the ,ore, 
and in the proportion of the material retained by sieves of various 
grades; 4. Condition, whether handled previous to charging or not. 
In the case of direct filled vats the outgoing truck-loads and resi
dues can be tallied and weighed at frequent regular intervals, and 
the moisture therein determined. As regards leakage, it is prob
able that a good deal more of this occurs than is suspected, espe
dally at the older type of plant, where the bottoms of the leaching 
vats are inaccessible. By filling the vats, and, after air-bubbles 
have ceased to rise, marking the level of the solution, leaving for 
twelve or twenty-foUl' hours with closed cocks, and then observing 
the level again, any app~eciable leakage can ,be detected and 
measured, and by a simple calculation the value of the gold thus 
lost per diem determined. ' If tliis be multiplied by the ~otal num
'ber of days the plant has beeJ;l'in use since erect~on, the result of 
this flimple test may in some instances possibly cause surprise. Mr 
Bettel has mentioned another way in which the presence of gold
bearing solution in the residues may be a cause of discrepancy. 
The presence of this soluble gold in the res~dues is due either to 
imperfect washing and drainage, or -to ~mper:fect precipitation. It 
is, besides being a source of discrepancy, a source of actual loss, as 
it is gold which has been dissolved out of the o~e, but, yet is not 
recovel·ed. It is advisable ,to test the residue~ w1,:tile moist, periodic
<lolly fOl' ,this, so that:if it rises above a trace, steps to redqce it may 
he taken. In a' ten, thousand ,ton' plant 'every grain of "soluble 
gold" per average ton, of residues is equivalent to a loss of upwards 
of. a tliousand pounds pel' annum. At one time it was commonly 
believed that it was, a matter of little importance whether precipita
tion' wasr 'nearly "perfect or not, "because the solution would be 
returned thrQugh, the, extmctors and the gold all caught sooner or 
later." As a matter of fact, however, this is not the case, as every 
ton of water :introduced as, moisture ,in'the t,ailing~ into the works 
and into the stock of the solution, incrf,lasesits bulk to that extent, 
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Hnd means a ton of dilute solution discharged, usually as moisture 
in the residues. If the precipitation be imperfect, this dilute solution 
may carry a considerable amount of gold, and when wet tailings 
are treated, may amount tq several hundred tons a month, of which 
both the gold and cyanide contents are lost. As mentioned by 
more than one member, the losses at present occurring during wash
up and smelting, and only partially recovered as "sweeps," are 
often very heavy. The use of dishes and shovels .for transferring 
coke and gold slimes alternately to the furnaces is not unknown. 
Slags containing several hundred pounds' worth of gold to the ton 
are in sorrie instances crushed and handled with as little care to 
prevent any loss of material as if they were 5 dwt. rock. Should 
slags accnmulate to an inconvenient extent, they are after panning 
occasionally worked off by putting through the battery, which is 
certainly an easy method of avoiding [my further trouble. Pre
liminary to a wash-up, I have Reen the solution .in the zinc boxes 
siphoned off into the sumps through an l~-inch pipe, and only when 
almost coffee-coloured from presence of suspended golu-slimEs was 
sufficient considered to have been drawn off! Unless handled as 
carefully as old China, a certain amount of avoidable loss is bound 
to occur with a material so easily spilt or dispersed in the form 
of dust as gold slimes. Washing up is usually an unpleasant 
and wearisome process, especially ,,,hen the appliances are crude 
and imperfect. After days and nights of discomfort in a heated 
atmosphere, it is but natural that men become slack and have 
left only the desire to get finished, regardless of aught else. So 
long as a profit is being realised, the fact is not appreciated by 
many managers of companies, that by providing their cyanide men 
with all reasonable means of expediting and making easier this 
part of their 'work, they are likely to save the cost many times 
over, and to be entitled to demand greater efficiency and a stricter 
account. As remarked by 1\1:1' Pearce, the majority of cyanide men 
are but too well aware of many sources of loss, and desire nothing 
more than to be provided with the means of preventing these. 

On the table is a model of a conical slimes shovel for transferring 
fluxed gold slimes to the crucibles, which I have used for a long 
time and found satisfactory. If care be taken to refill the crucible 
before the surface of the contents be quite fused, the loss of gold 
slimes by ebullition of the slag and the draught of the furnace is 
small. The use of the anhydrous sodic carbonate and dry' or fused 
borax, instead of the sodic bicarbonate or hydrated" borax usually 
employed, effects a great saving of time, labour and fuel, and 
le~sens the.risk of .the crucible boiling over with loss of some of the 
gold contents. In comparison with the obtaining of a slag nearly 
free from gold, and" not liable to corrode through the crucibles, the 
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cost of a few pounds' worth more or less of flux is trivial, and that 
proportion of fluxes is the be~t whereby the greatest percentage of 
gold in the slimes is immediately converted into bullion. In Con
clusion, I think that a model monthly report form for cyanide 
works might be devised by a committee of the Society, whereby in 
a measure the losses of gold referred to might be checked, or at 
least'made at once apparent. Snch a report would set forth the 
actual and .theoretical gold extraction, and the data on which they 
are based; also the average assays of slag produced, solutions after 
passing the extractors, and soluble gold in the residues; the aVer
age amount of solution passed through each charge, and the strength 
thereof; the average amount of cyanide, zinc, and alkali consumed, 
and total cost per ton, etc., etc. 

The President said the matter was so important he would prefer 
that the discussion should be kept open until the next meeting, and 
this was agreed to. 

Mr McBride moved for a Committee of the Council to gather 
data and special information on this subject, but the motion was 
not seconded. 

Mr J!'letcher read 11 paper as follows on :-

BOTTOM DISCHARGES FROM OYANIDE VATS 

Since its introduction on the Witwatersrand, the evolution and 
improvement through which the cyanide-zinc process has passed 
io, perhaps, one of the most gradllal, and, at the same time most 
radical that any known metallurgic1l1 process has undergone, with
out any fundamental alterations being introduced. For, to the 
uninitiated, this process is still precisely what it was in 1 S 90-that 
is to say, the tailings from the plates of a stamp battery are treated 
in vats by a solution of cyanide of potassium, and the filtered solu
tion of the resultant double cyanide of gold and potassium is sub
jected to the precipitating action of finely divided zinc placed in 
suitable boxes. 

In the Siemens and Halske process we have, of course, a funda
mental alteration in the nature of the method of precipitation, into 
the merits of which we do not desire to enter, as the only object 
which we have in view in these remarks is to point out that, al
though the chemist has done much to reduce the cost of " cyanide" 
treatment, the engineer also deserves no inconsiderable amount of 
credit for the comparatively remarkable reduction in the cost of the 
treatment of tailings by cyanide of potassium, which has taken 
place during the last six years. 

It is well known that. while owing to the introduction of the 
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Siemens lmd Halske process, the amount of cyanide used per ton 
has been considerably reduced, the cost of filling and discharging 
the tailings has remained practically the same, i.e. about one-third 
of the total cost of the process. Therefore any mechanical n.ppli
ance that will reduce the cost of handling the tailings should meet 
with general approval. 

It is with a view to attain this much-desired object that the 
apparatus, which we beg to submit to your notice this evening, has 
been constructed, but, before going into a detailed account of this 
invention, we should like to review shortly the present methods of 
working, and their principal disadvantages. 

It will be sufficient for our purpose to define these various methods 
as " side and bottom discharge," and dealing with the" side" dis
charge first, we would draw your attention to the fact that this 
method has been found unsuitable for vats of large diameter, as 
now constructed, both on account of the extra amount of handling 
the tailings require, and also owing to the difficulty of making 
watertight a joint of so large an area. 

We now come to the" bot,tom" discharge, which has been gener
ally adopted on these fields. The doors hitherto designed for this 
pUl'pose have, for the most part, consisted of a metal disc, secured 
in place, either by a crossbar or hinged bolts, to an angle-iron ring, . 
fixed to the bottom of the vat, the joint being made watertight by 
an indial'ubber ring Or clay luting. As far as being watertight 
these doors have given good results, but owing to the tendency of 
the tailings to settle or pack, only a small quantity is discharged 
upon the door being opened. This necessitates the digging or 
forcing of a passage from the top to the bottom of the vat. This 
packing is more noticeable where the vats are situated near a 
battery; owing to the vibration the tailings pack to such an extent 
that a wall of tailings three inches thick has been known to stand 
to a height of ten feet. 

The present cyanide practice points to the fact that double treat
ment will ultimately supersede the older method, and in many 
plants the vats are now placed in pairs, one above the other. 

This arrangement necessitates a staging being placed over the 
top of the bottom vat to enable the . doors in the top vat being 
reached for the purpose of opening and shutting them. 

These, in short, gentlemen, are what appear' to us to be a few 
of the disadvantages of the present method of discharging the vats, 
to overcome which this apparatus, which we will now proceed to 
describe, has been designed. 

You will see by examining the model which we have the pleasure 
of bringing to your notice this evening, that the apparatus consists 
of two or more tubes 15 inches diameter, 3 feet long, made of sheet 
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steel, 3'33 inches thick, and socketted into each other by a tele
scopic joint, which is made watertight. by means of an indiarnbber 
band 3 inches wide, which is placed so as to overlap the joint 
by 11 inches on either side. 

Bolted inside the bottom of the vat is, as you will observe, a 
dst-iron flanged ring, projecting upwards about 6 inches into the 
vat, 3 inches of which is shouldered down to form a spigot, on 
which is placed the first length of the tube, the joint being made 
watertight by the indiarubber barrel. 

Taking a vat 9 feet cleep, we have, by joining three of the tubes 
together, a single tube 9 feet long standing up through the contents 
of the vat. 

'When discharging the vat, the sands are simply shot down this 
tube, and the level of the sands h,lving been reduced, say 2 feet, the 
top length oE the tube is then withdrawn, the remaining tubes 
being withdrawn as the discharging proceeds. 

When it is necessary to discharge the sands into trucks, a butter
fly valve, worked by a lever, is provided to act as regulator. By 
this means the boy in charge of the truck can stop the supply of 
sand while the trucks are changed, and, in the meantime, the tube 
can be filled with sand ready to fill the empty truck. 

'Where distributors are l1sed, a loose fitting cap is provided to 
cover the top of the tubes. 

The special feature of this apparatus, to which we invite your 
attention, is, however, the construction of the joint, which consists, 
as we have already said, of a telescopic joint, made watertight by 
means of a thin indiarubber band. This type of joint has been 
decided upon as being simple, cheap, and effective. Great difficulty 
has been experienced in making a band of indiarubber to suit our 
requirements, but we have at last succeeded by cutting a band out 
of sheet rubber I-16th inch thick, with an outside diameter of 13 
inches, and an inside diameter of 6 inches, which, when stretched 
over the tubes, grips the lower tube more tightly than the upper, 
allowing the upper tube to be withdrawn without pulling the band 
from the lower tube. 

The advantages of this apparatus are-
1st. That by doing away with the necessity of digging orforcing 

a passage through the contents of the vat, the time and labour now 
wasted in throwing back the tailings can be saved. 

2nd. That as all the work necessary to make the discharge 
watertight is done from the inside of the vat, the necessity of 
placing scaffolding upon the top of the lower vat, to open or close 
the doors in the top vat, is obviat.ed. 

3 rd. In the sY8tem described by Mr Feldtmann, where tailings 
are discharged through doors in the bottom of the vat, into a 
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launder, whence they are carried away by a c.opi.ous stream .of 
water, .our discharging !tpparatus will be f.ound m.ost useful, en
abling the vats t.o be placed .on the gr.ound level, immediately .over 
the culvert, thus saving 5 .or 6 feet in height, which is m.ost im
p.ortant, and als.o the c.ost .of high mas.onry f.oundati.onR. 

In c.onclusi.on, gentlemen, we think that after an inspecti.on .of 
the model, you will be c.onvinced a~ t.o the practicability.of the 
apparatus. 

The m.odel apparatus was then exhibited, and 'discussi.on was 
adj.ourned till next meeting. 

The Ohairman asked -that any member wh.o had changed his 
address lately w.ould n.otify the Secretary at .once. B.o.oks.of Rules 
were ready f.or members t.o apply f.or. i 

The meeting c.oncluded. 

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
)



XXIV 

THE ordinary monthly meeting of the Society was held in the 
Council Room of the Chamber of Mines, on Saturday, August 15th, 
1896. There were present-Messrs W. R. Feldtmann, President 
of the Society (in the chair), Pearce (Vice-President), Bevington, 
McBride, Dr Gamy, Hartley, Dickie,' A. von Gernet, Niekerk, 
Bettel, Buchanan, Johnson; Sandow, Dukes, Williams, Littlejohn, 
Poole, Alston, Stewart, Carden, Rand, Pengilly, Stephens, 
McNaughtan, Ross, Crosse (past-President), and a large number of 
visitors, including many ladies, the Council Room being almost 
filled. 

THE RON'rGEN RAYS 

The Chairman said he thought the Society owed a debt of grati
tude to the Vice-President for two things. In the first place, for 
having placed at the foot of the notice that ladies would be especially 
welcomed at the meeting; they had therefore to thank him for the 
presence of so many ladies on that occasion. In the second place, 
they were indebted to the Vice-President for having induced Mr 
Perrins, who was rather averse to appearing in public, to give them 
practical illustrations of work which could be done by means of the 
Rontgen Rays. Professor Crookes had read a paper some months 
ago before the Society, upon a similar subject, and judging by the 
large attendance at the present meeting, he should say that a prac
tical demonstration of the work accomplished by means of the 
Rontgen Rays would be received with very considerable interest. Mr 
Perrins would not attempt to contribute a paper on the scientific 
aspect of the matter, but he would give a practical illnstration of 
what might be called the mechanical part of the process. The 
Chairman gave extracts from Professor Crookes' paper read at a 
former meeting, and published in e{):tensio at the time in the Stan
dard and Diggers' News, and concluded by introducing Mr Perrins. 

Mr Perrins proceeded at once to give a demonstration of work 
which could be accomplished by means of the Rontgen Rays photo
graphy. A sensitive plate was put upon the table, and upon this 
Mrs Lockett (wife of the caretaker of the Chamber of Mines) placed 
her hand. The Rontgen Rays were brought into play upon the 
hand and plate for about a quarter of an hour, and a photograph 
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tAken. 1\'11' Perrins then developed the plate, which was afterwards 
exhibited, showing -a splendid photograph of the anatomy of the 
la,dy's hand. 

Mr Perrins, by means of a large number of photographs placed 
upon the table (which were examined with much interest by mem
bers and visitors), showed results already obtained through the in
strumentality of the Rontgen Bays. There was a photograph of 
the wrist of Mr Michael Ray, Secretary of the Society, showing not 
only the scar of an old bullet wound, but the actual marks of injury 
to the bone, the hole made by the entrance of the projectile, and the 
displacement of the bone. 

Then there was a photograph of the wrist of Shipley, the well
known jockey, who was injured during the last April race meeting 
in Johannesburg by the fall of a horse he was riding. The picture 
showed a fracture of the arm close to the wrist, and the displacement 
of Rome of the small bones. 

Mr Perrins expressed his obligation to Mr R. O. G. Drummond 
(Messrs Reunert & Lenz) for the loan of a Crookes' tube. 

Mr Buchan:tn, of Klerksdorp, who had taken the journey ex
pressly to attend the meeting, made a few observations explanatory 
of the interesting process, and asked Mr Perrins sever;ll questionii 
as to details, description of plates used, time required for exposure, 
and so forth. 

Mr Perrins explained that he found the best results were ob
t[1ined by the use of thi~ly coated plates with [1 spark of from 4 to 
5 inches. It required abont eight volts to work the coil. 

Dr Exton said he had attended the meeting as one of the mem
bers of the Geological Society, to have the pleasure of he[1ring Mr 
Perrins' expf)sition of a new scientific subject. I ts medical aspect 
was engaging the attention of all scientists. At the last meeting of 
the Geological Society, and at previous meetings of the Medic[11 
Society, mention was made of the great benefit already derived from 
Mr Pen-ins' experiments with the Rontgen Rays. The diseased 
bones of a foot were photographed. Previously the case W[1S l;[1ther 
obscure in its n[1tnre, attended by the thickening of one of the bones 
of the foot. By meallS of Mr Perrins' expert know ledge the foot 
was made transp[1rent, and a bone of the great toe found to' be very 
distinctly enlarged. In a recent case, with the details of which lie 
was sure all present were conversant, a man was shot in the head, 
and an attempt made to locate the position of the bullet by the aid 
of this process, but it proved ineffectual, as the bullet had pene
tJ'ated the skull. The bone protected the bullet from the Rays .. 
The oqject of the hospital surgeons was to locate the position of the 
bullet in case it had lodged in the fie.'ih of the neck. It was found, 
however, by this process that the flesh of the neck was perfectly 
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transparent, or pervious to the rays, and there was no evidence of 
the metal being in the position indicated. It was extremely diffi
cult to say how far this new development of science would reach in 
the direction of medical men; but there could be no doubt that it 
would be of the greatest practical service to the surgeon, and that 
new developments would be looked for in very unexpected directions. 
Those who had seen the number of the illustmted London News 
received by the previous week's mail, would have observed the hand 
of H.R.H. the Duchess of York exhibited in a very beautiful 
manner. The bones were as perfect as if they had been traced by 
an anatomist, and the ring on her finger, with a bracelet on the left 
wrist, were very evident. He had not the pleasure of meeting 
Professor Holden when he was in Johannesburg a few months ago, 
but his name was known to all surgeons fl'om the anatomical books 
he had published. Had he met the Professor it had been his inten
tion to tell him that he expected in the next edition of his work on 
Osteology the illustrations would be through the medium of the 
Rontgen Rays. He had no doubt that by-and-bye scientific books 
would be published giving illustrations of the anatomy of the bones 
as they are in situ taken hy the aid of this process. He was as yet 
hut a learner on the subject of the rays. There was much to learn. 
We know how the photos are produced, but we do not know as yet 
the rationale of the operation. They were much obliged to Mr 
Perrins for giving them an exposition of such an interesting subject. 
(Applause.) 

The ordinary business of the monthly meeting was then proceeded 
with. 

The Acting Secretary (Mr Graves) read the minutes. 

NEW MEMBERS 

Messrs H. G. Thorpe and Macdonald were elected members of 
the Society. 

GOLD OUTPUT 

The Ohair man read the following extract from the report of the 
Oommittee of the Ohamber of Mines to be presented at the next' 
meeting:- . 

"Declaration ofOntput.-The Ohemical and Metallurgical Society 
having addressed a communication to your Oommittee on this 
sUQject, after having considered the question, your Oommittee 
recommends that companies be asked, in addition to their present 
returns of bullion, to send its equivalent in standard gold, and that 
the yield per ton in the monthly analysis of gold output be calcu-

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
)



Cyanide 

lated upon a standard gold basis. The Committee also recommends 
that companies be asked to send in the exact value of theil' gold 
as realised in London upon receipt of their tinal account sales, and 
that every three months the Chamber publish a corrected statement 
showing the output such as has been declared, with its equivalent in 
standard gold, and the exact value realised." (I:J:ear, hear.) 

CYANIDE 

The Chairman said the next item on the agenda was the 
" Discussion on Mr Caldecott's paper, ' Discrepancies between actual 
and theoretical Extraction in Cyanide VV orks.' " 

No observations being offered, the Acting Secretary, Mr Graves, 
read Mr Caldeoott's reply as follows:-

Mr Pr·esident, Ladies, and Gentlernen,-With regard to the ques
tion of determination of tonnage treated in cyanide works, it seems 
from the remarks of membel·s to be generally agreed that a tonnage 
estimation from the cubic contents of the vats is unreliable, owing 
to the continual variation in the weight of a cubic foot of tailings 
under different conditions. In any case, moreover, it is illogical to 
determine weight by data based on bulk, since an unnecessary factor 
is I thereby introduced which leads to needless complication and 
liability to error. It is impossible by any means whatever to fix 
an.v standard of vat tonnage capacity which will hold good for next 
month or next yeal·. The system to be desired is that which keeps 
pace with all changes of the ore of whatever nature, and which yields 
results in accordance with the effect of those changes. 

Under present systems of working the natural unit of weight is 
the truck-load. The weights of individual truck-loads often exhibit 
considerable differences, but by the law of averages these variations 
disappear, if a sufficient number of weighil1gs be made at regular 
intervals of time, and as a resultant average a very close approxi
mation to accuracy is obtained. Circumstances must determine the 
exact number of truck-loads to be weighed, but one in one hundred 
to one in five hundred, according to the size of the plant, may be 
considered a fair number. At a plant where this system was fol
lowed, twice a week, on Tuesday and Friday, the hundredth and 
two hundredth trucks were weighed, and a moisture determina
tion at once made; all truck loads were tallied, and at the end of the 
month the total number of trucks multi.plied by the average dry 
weight of a truck load, giving the tonnage treated. Whether a 
sufficient number of trucks is being weighed to give a true 
average may be tested during the first month by running two 
parallel sets of weighings on different days under similar condi-
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tions, and at the end of the month comparing the average results 
of each set. Whatever number of trncks to be weighed during 
the month is decided upon, this weighing should be done at rigidly 
regular intervals, just as in sampling a heap of tailings or a reef, 
samples must be taken at regular intervals of space if a true 
average is to be obtained. 

For the weighing to be done with a minimum of trouble and 
delay, it is advisable to have near the entrance of the cyanide 
works-or in cases where direct-filled or intermediate vats are 
used, near the exit-a siding or short loop line. This passes 
over a weigh-bridge where the weight of the truck and its 
contents is determined, and the moisture sample taken without 
impeding the course of the other trucks. The weighed truck is 
then marked with chalk to distinguish it, and when returning 
empty is again weighed, the difference being, of course, the weight 
of its former contents. 

The importance of determining correctly every month the 
tonnage treated can hardly be over-estimated, as only when this 
is done can a check be kept upon the work, and unsuspected 
losses of gold made apparent. 

The Chairman having invited discussion on Mr Fletcher's 
paper on 

BOTTOM DISCHARGES FROM CYANIDE VATS 

Mr G. T. M. McBride said,-I should like to say a few words, 
not so much on Mr Fletcher's paper as on the patent discharge 
funnel which he has introduced to the Society's notice. 

The funnel with butterfly valve is evidently a laudable a,ttempt 
to combine and improve on the funnel introduced some years ago 
by the Rand Central Ore Reduction Company, and on the di~

charge doors patenteu by Messrs McBride and Brown. My opinion 
is that the patentees have laboured under the disadvantage of not 
having practical experience of the difficulties to be overcome in the 
working of snch a funnel. 

In the settling vat" the currents caused by the inflow and exit 
of wat.er is sufficient to cause the funnels to sway and leak, and 
the wear and tear in removing and replacing the parts would soon 
knock the tubes into all shapes. They would also be a means of 
obstruction to slimes escaping, anu this would cause layers of slime 
to settle around the tubes. As a means of speedy discharge, I 
consider they would be a disadvantage. Mr Fletcher is perhaps 
not aware that it is not at all necessary to dig holes and throw 
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back the sand before starting to discharge. By means of marks 
placed on the periphery of the vat, or with a light template placed 
f1t these marks, the vertical centre of the door is at once located. 
Then an iron rod pierced to the open door will in half a minute 
force a passage. Those of you who have experience in this work 
will agree with me that the speediest way to discharge a vat is to 
get down to the door and excavate the wall of tailings from time 
to time, thus bringing down the sand on to the door. With this 
in view, McBride and Brown designed their now well-known door. 
It will be quite impossible to use Mr Fletcher's butterfly valve. 
In a cylinder 15 feet diameter and 9 inches deep over half a ton 
of damp sand is enclosed, and before any sand could escape, the 
butterfly valve would have to raise and press together this pillal' 
of packed sand. 

In the leaching vats these funnels are impracticable, for the 
irregular pressure of sand in the vat as it is being filled would soon 
demolish the tubes, and any leakage occurring could not be stopped 
till the vat was emptied. 

These reasons, I think, will be sufficient to prove the non-utility 
of the device under discussion. 

It then being somewhat late, it was decided to postpone further 
business till the next meeting, and a vote of thanks to Mr Perrins 
concludeu the meeting. 
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PAPER read before the Chemical and Metallurgical Society by Mr 
John Yates, on Saturday, September 19th, 1896. 

THE CY ANJDE PROCESS 

The year 1895 witnessed the production of over 600,000 ozs. of 
bullion by the c,Yanide process on the Rand. ,Vith such testimony 
to its value, it is not surprising that cyanidation should receive so 
much attention, or that directors and managers should intel'est 
themselves in its development, alert to reap whatever advantage 
may be offered. The Chemical and Metallurgical Society has done 
good service in the process, for not only have sevel'al of its members 
identified themselves with improvements in its application, but the 
papers which have been read before the· Society, and the discussionR 
thereon, must haye been a boon to all. those wishing an insight to 
its practice. It is to ask you to benefit the industry by entering 
npon the discussion of a somewhat vexed qnestion that I am before 
you this evening. I refer to the methods of precipitation-a matter 
touched upon by Ollr President in hiR recent address. 

Weare all more or less acquainted with the two precipitation 
processes at present in use on the Rand in connection with the 
treatment of tailings by the MacArthur-Forrest cyanide process
one the zinc process of Messrs MacArthur and FOl'rest, the othel' 
the electrical process introduced by Messrs Siemens and Halske. 
Both processes have recei\'ed the attention of this Society, but 
not sufficiently to have given to our managers and others a clear 
conception of their respective merits. 

To enable this question to be tl'eated in a more thorough 
manner, I will proceed to place before you a few notes comparing 
the two processes, and which, although I wish that time and 
circumstances had permitted me to make them more complete, may 
yet suffice to lead to the settlement of a qnestion interesting and 
important both to ourselves and the industry. 

It is fitting that this comparison should open with a few words 
touching on the introduction of the two processes, and descriptive 
of the plant and appliances required with each. 

Zinc was first made a practicable precipitant of gold from 
254 
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The C}anide Pt'OCess 

cyanide solutions by Messrs MacArthur and FOl'rest,the inventors 
of the cyanide process, who conceived the idea of using it in the 
form of a fine thread, such as may be produced by turning down 
thin discs of zinc in a lathe.\Vhen the MacArthnr-Forrest, 
cyanide process was introduced into these fields in 1890, this 
filiform zinc was the precipitant adopted. So well did it stand 
the test of practice, that it was, until two years back, practically 
without the semblance of a rival. 

The consideration of, the reactions which result in the precipi
tation of the gold, are beyond the scope of this paper; I would 
only remark the simplicity of the process-the auriferous solution 
flowing over the zinc has its gold extracted, the base metal taking 
its place in the solvent. In practice, the zinc is carried in long 
rectangular boxes, the number and size of these so· called extractor 
boxes varying with the capacity of the plant. 

The accessories consist of a.lathe for the zinc, smelting furnaces, 
drying and roasting furnaces, clean-up vats, and a filter press
the~e constituting practically the whole of the plant necessary for 
the precipitation and for converting the precipitate into marketable 
l)Ullion. With this method of precipitation the strength of the so
called" strong" cyanide solution applied to the tailings is from '2 
Jler cent. to '4 per cent., and the number of leaching vats snch as to 
permit a treatment in them of usually not less than three days . 
. More zinc is added as that in the boxes dissolves, these additions 
oeing made at intervals varying from a day to a fortnight. 

A clean-up-the collection of the precipitated 'gold and its 
conversion into bullion-generally takes place once a fortnight, 
the slimy precipitate, after filtering, being dried and roasted, 
and then smelted with the nece'ssary flux, the finene~s of the 
refmltant bullion varying with the particular treatment to which 
the slimes are ::;ubjected. Vifith about six exceptions, every pre
cipit,ation plant on the Rand is of this type. 

Electrical precipitation, as devised and patented for' cyanide 
solutions by Messrs Siemens and Halske, is the only other method 
which has been able to bear the ordeal of practice. Introduced at 
the Worcester NIine in 1894, particulars of its trial there were 
placed before this Society by Mr von Gernet in August of that 
year. The results put forth were favourable to the process, and 
through its agency material economy in the treatment of tailings 
was anticipated, and for some time the impression obtained ,that 
zinc would be onsted by the new proces·s. The. advantage claimed 
for eJectricity was that solutions exceedingly weak in gold and 
cyanide were effectively deprived of their' precious metal, thus per
mitting the use of very dilute solutions, and thereby economising 
cyanide and reducing the cost of treatment. The main feature of 
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the plant is the great boxes containing the electrodes. The W 01'

cester installation, having a capacity of 3000 tons per month, had 
four of these boxes, each 20 feet by 8 feet by 4 feet. The iron 
anodes were ~-inch thick, and were 7 feet long by 3 feet wide. 
Between these were the cathodes of thin sheet lead, stretched over 
wires carried hy light wooden frames. The solution passed slowly 
np and down between the electrodes, and the electric cnrrent passing 
between cathode and anode gradually deposited the gold upon the 
former. The generation of the current, fOl' which a dynamo is re
quired, needed about 5 h.p .. The anodes are covered with canvas to 
prevent short circuiting, and, owing to the combined action of the 
current and the solution on the iron, Prussian blue is formed. The 
strongest solution used on the tailings with this method is about 
'1 per cent., and the number and capacity of the leaching vats has 
to be such as to permit of the tailings remaining longer under these 
solutions tllan those in use with zinc precipitation. The length of 
treatment-the tailings undergo varies from four to ten days. 

The clean-up takes place only every six or eight weeks, reducing 
the number of these operations having the effect of lessening the 
cost of lead, etc., per ton of tailings treated. This clean-up consists 
of taking the lead sheets off their frames and replacing them by 
others, the auriferous sheets being melted down and then despatched 
to an independent works for cupellation; transforming the precipi
tated gold into bullion is thus not completed at the mine. The 
bullion produced is somewhat finer than that yielded by the zinc 
process. The type of box inkoduced- at the -Worcester and the 
May Consolidated Mines left much to be desired. Their great size 
was very much in evidence. A box of new design has recently 
been brought forward which is an advance on the old pattern 
in some respects. Its dimensions are less, and the proportion of 
anode to cathode is smaller, whilst the method of making the con
nection with the electrodes for the current is simpler. Two of 
these boxes have been put in at the May Consolidated Mine, and 
four at the Crown Reef Mine, for the slimes treatment. The former 
plant now consists of four boxes of the old pattern and two of the 
new type, a 20-h.p. engine having been put down to furnish the 
power necessary for them and the solution pumps. Whilst the 
reduced size of the new boxes is an advance, their dimensions are 
still great, those of the Crown Reef being 30 feet by 4. feet by 6 
feet, each divided into six compartments. The labour required by 
the lead cathodes has also been increased by the adoption of strips 
of lead as catllOdes, instead of the sheets of the old boxes. Another 
alteration in the design is placing the electrodes parallel with the 
length of the box and reducing the number of times the solution 
rises and falls in traversing the latter. Owing to the expensive 
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The Cyanide Process 257 

nature of the plant and the larger number of vats required, the 
initial cost is greater than that of a plant designed for zinc precipi
tation. For a plant to treat 500 tons of tailings per day, this extra 
cost entailed by adopting electrical precipitation as against zinc 
would, at the lowest estimate, be £5000. 

At the George Goch Amalgamated Mines there are two inde
pendent cyanide plants, each at present treating about 4000 tons 
per month. One-tormerly the Metropolitan plant-was designed 
for electrical precipitation (since discarded for zinc), whilst the 
other was laid out for the zinc process. I am informed that the 
first plant has cost the mine approximately £13,000, and the latter 
£8000. In comparing these figures, it is only fair to mention that, 
although the tonnage being treated in the two plants is at present' 
the same, the vat capacity of the Siemens-Halske plant is somewhat 
greater than that of the other, and there are intermediate vat~ in 
connection with it. About six Siemens-Halske plants are now at 
work on the Rand. 

This brief review of the more salient features of the two methods 
of precipitation and their application on the Rand paves the way to 
their comparison, which I will now open by throwing their special -
structural features into relief. With the zinc process we have a 
number of vats sufficient to permit of a treatment of about four 
days, pumps, several extractor boxes (seldom of dimensions exceed
ing 30 feet by 3 feet by 3 feet), with their necessary zinc and lathe, 
a filter press, acid and clean-up vats and fllrnaces-the whole form
ing a plant complete in itself, and with which every step in the pro
duction of bnllion from tailings can be carried out. Powel' is 
needed for the pump and lathe. 

Electrical precipitation requires a larger number of vats, in the 
proportion of about two to three, owing to the use of the more 
dilute solutions. The precipitation boxes are of great size and of 
an expensive nature. A dynamo is required for the generation of 
the current, pumps for the solution, and a furnace for the lead. 
The dynamo necessitates extra power as compared with zinc pre
cipitation, another 5 i.h.p. being needed with a 3000 ton plant. 
As installed at the mines, the plant. is not complete, being 
dependent on a customs works for the cupellation of its lead. 

Let us now examine what the two methods are doing. The 
strong solution in general use with zinc is about '3 per cent., and 
the weakest about '08 per cent. Solutions carrying from '2 per 
·cent. to mere traces of free cyanide pass through the extractor 
boxes, and it is not unusual to have the gold value of the sumps 
down to t dwt. and less per ton, whilst under ordinary conditions 
1 dwt. per ton is now coming to be accepted as the highest value 
compatible with careful work. I would instance the Treasury, the 
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City and Subu~'ban, the Meyel' and Charlton, and the Salisbury and 
the Jubilee plantfl as demonstrating what zinc is capable of, some 
of the sumps of these plants frequently carrying a few grains only, 

With electrical precipitation the "strong" solution is about 
'1 per cent" and the weakest about '01 per cent, For some bime 
after the introduction of the process the value of the sumps was 
somewhat high, but the working has been improved, and to-day, 
so far as I have been able to ascertain, the gold contents of the 
sumps range from! dwt, upwards per ton, the average value not 
infreqnently being 1 dwt, and over, There may be exceptional 
cases in which electricity would rise superior to zinc in this matter, 
but in general practice there appears little to choose between the 
two methods in this connection ,: both have shown themselves 
capahle, and both have exceptions, instances of sumps of unsatis
factory value are come across with each, and owing to the wide
spread use of zinc we naturally hear lllore of its failings than those of 
electricity. It is not surprising that, with a process so extensively 
adopted as zinc, difficulties should occasionally be experienced; these, 
however, have been lllet in a manner more or less satisfactory. 

It is reasonable to assume that the majority of our cyanide 
managers are using solutions of strengths which they believe are 
calculated to yield the best results. If this be admitted, we are 
confronted with the fact that solutions of about '3 per cent. are in 
general use, and that zinc has, for some years past, been dealing 
with these solutions in a most efficacious manner. If solutions of 
this strength are best adapted for Rand ores, then the scope of 
electrical precipitation in connection with the treatment of tailinf!s 
is indeed limited, for not even its stoutest supporter would care to 
advocate its general use in connection with such solutions. On the 
other hand, if we grant that our cyanide managers are nsing solu
tions which they know not to be the best, and that solutions of the 
strength customarily used with electrical precipitation would dis
solve the gold equally well and in a reasonable tim~, it still remains 
to be proved that it is advantageous to adopt this method in pre
ference to zinc. 

Very weak solutions do not in practice always show a solving 
efficiency equal to stronger ones; with some tailings compara-
tively strong solutions are essential to good extractions. The 
M<ltropolitan plant, which I have previously mentioned, affords a 
case of great interest. It was designed for the use of very dilute 
solutions-about ·1 pel' cent.-and electrical precipitation. . The 
latter was run intermittently with zinc during a period of about 
~leven months, this being the only case, I believe, where anything 
like a thorough comparative trial of the two methods, side by side, 
has been attempted. The result was pregnant with significance, as 
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will be seen when I come to touch on the subject of extractions. 
I am advised that the failure of the Siemens-Halske method in this 
trial lay not so mnch in the precipitation-although this was not 
all that could be desired-as in the inability of the very dilute 
solutions to dissolve the gold satisfactorily. The trial resnlted in 
the discarding of electricity and weak solutions, and the adoption 
of zinc and stronger solutions, the strength now in use being '4 per 
cent. This is evidence showing that very weak. solutionR and the 
Siemens-Halske method of precipitation cannot be applied in every 
case with advantage. I here ask your indulgence for a moment 
that I may record my appreciation of the value of electrical pre
cipitation in a connection other than the treatment of tailings. 
The slimes problem, as it is at present being attacked, is based 
upon the use of excessively dilute solutions of cyanide. The 
strongest solution at the Crown Reef slime works is '008 per cent., 
the washings being proportionately weak. Zinc would not give 
satisfaction with such solutions, and the present treatment has un
dou btedly been rendered possible by electrical precipitation. 

Returning to our comparison, I would now entertain the question 
of extractions. The electrical process appears to be giving the best 
account of itself at the May Consolidated works, the report for the 
yeRr 1895 stating the average extraction as being 79 per cent. In 
the third annual report of the Rand Central Ore Reduction Com
pany, the owners of the Siemens-Halske patent in South Africa, 
the average extraction over twelve months with the 'Vorcester 
plant is given as 75.per cent. theoretical, and 73'7 per cent. actual. 
The same report gives the extractions at the Metropolitan Mine, 
where electrical precipitation was also then in use, as 73'6 per cent. 
theoretical, and 69'3 per cent. actual, during a run of eight months. 
The value of the Worcester tailing>! averaged 6 dwts. 1'5 grs., amI 
those of the Metropolitan 4 dwts. 15'3 grs. per ton. A contro
versy arose bet.ween the Rand Central .Ore Reduction Company 
and the Metropolitan Company on this question of extnlCtion, and 
in the Star of 1st January of this yenr the figure was given as 55 
per cent., the management of the mine, I understand, having reason 
to believe that this was the correct percentage, and not 69'3 pel' 
cent. Trials with zinc were instituted by the latter, and disclosed 
that extractions of over 70 per cent. were obtainable with it, a 
result which led to the substitution of three zinc Loxes, each 18 
feet by 3 feet, for the four Siemens-Halske boxes, each of which 
was of about 30 tons capacity. 

Alongside these figureH of the electrical procesR place the ex
tractions achieved by plants having zinc precipitation. At the 
Meyer and Charlton the theoretical is about 75 per cent.,. the 
actual about 72 per cent., the Geldenhuis Deep.theoretical, in July, 
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was 75·9 per cent., the actual 72·5 per cent., and Mr Williams at 
the Crown Reef has obtained 80 to 85 per cent., and at the Trea
sury is also obtaining extractions of over 80 per cent. From this 
it would appear that the highest extractions on the Rand are beinO" 
obtained with the stronger solutions and zinc precipitation. Th~ 
discrepancy between the theoretical and the actual extraction ha:-; 
been the centre of much debate. Only a fraction of this dis
crepancy represents actual loss. That portion of the discrepancy 
not actual loss is attributable to errors in the efltimate of tonnage 
treated and errors in sampling and assaying, all of which are 
common to the two methods of precipitation, affecting them equally. 
Of actual losses there is also one source in which the methods stand 
equal-viz., the loss of gold in solution by leakage. 

Neither of the methods rising superior on these points, I pass on 
to the differentiating features of their discrepancies, which really 
begin with the operations connected with the recovery of the pre
cipitated gold and its conversion into bullion. 'Here we are nlet 
with losses which make the amount of bullion produced less than is 
required by the theoretical extraction. 

In the case of electrici.ty we have loss due to the handling of 
the somewhat delicate strips of lead upon which the gold is de
posited as a film. Then there is a slight loss incurred in the melt
ing down of these strips, followed by a further loss during the 
cupellation. The Prussian blue formed in the boxes is found to be 
rich in gold, which constitutes another loss, although only a tem· 
porary one, the precious metal being recoverable. 

No means exist of actually estimating the absolute total loss, but 
it is thought to be about a quarter per cent. 

The clean-up of the zinc process affords opportunities for loss in 
the clt'aning of the zinc and the transferring of the slimes to the 
filter, and in the drying, roasting and smelting of the slimes. 

The gold in the slags, like that in the Prussian blue, can be 
recovered, the loss not being absolute. Here again we are unfor
tunately unable to gauge the amount of total loss, but it is generally 
accepted as being about 1 per cent. I have reason, however, to 
question the accuracy of this belief, and to submit that ~ per cent. 
would be It much more reasonable assumption. Owing to the quan
tity of the slimes, 1 per cent. of them constitutes a bulk by no 
means small, even in a plant of little capacity. In the Glencairn 
plaut a 1 per cent. loss in the clean-up would mean the disappear
ance of 50 cubic inches of dried slimes per fortnight. Is Sitch a 
loss as this at all probable ~ At the majority of mines where zinc 
is in use the appliances and arrangements for the clean-up are of a 
most crude description, and the care and attention bestowed leaves 
much to be desired. 
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The Cyan£de Process 261 

To judge the process by results obtained under such conditions 
would be unfair as the losses incurred would be due to no fault of 
method. I feel as~mred that with reasonable care and proper 
arrangements and appliances, the loss experienced with zinc is very 
little more than occurs with the Siemens-Halske process. Passing 
on, I now come to the nature of the superintendence required by 
each method, and the labour involved in the clean-up, a part of the 
comparison not devoid of interest to some of our cyanide manager~ 
and shiftmen. I would here premise that the process requiring the 
least labour is not necessarily the best for the mine. A method of 
precipitation relying upon such a delicate and uncertain agent as 
electricity must obviously require special skilled sllperintendence. 
If the cyanide manager in charge is not also an electrician, a special 
man must be available for attending to the short circuiting and 
other troubles which this process is heir to. The cutting up of the 
lead sheets is a tedious bnsiness, owing to their great number, and 
is comparable' with the turning of the zinc thread. If several 
sheets are cut superimposed, the strips cling together and have to 
be carefully separated, one by one, to expose the surfaces to the 
solution. This new form of cathode necessitates much more labour 
than the old sheet form. A clean-up is made every six or eight weeks, 
when the frames carrying the lead strips are withdrawn from the 
solution, t?e lead removed, and new strips carefully substituted. The 
auriferolls lead is subsequently melted and cast. into blocks. Here 
the work of the clean-up ends, so far as the plant at the mine is 
concerned, the lead being despatched to a central works for cupella
tion. The iron anodes require replacing as they become useless 
from corrosion, and the Prllssian blue has to undergo treatment for 
its gold. 

The dependency of the Siemens-Halske plants on 11 Custom 
works for the consummation of their clean-up must be considered a 
great drawback to this process by our general managers. It is 
unsatisfactory to have a plant which is not complete. The owners 
of the Siemens-Halske patent furnish special men to run their pro
cess, but nevertheles~ the nature of the plant is suc.h that on the 
score of sllperintendence alone it cannot be considered adapted for 
isolated mines. 

Zinc needs little attention during the run. The turning of the 
zinc and placing it in the boxes al·e very simple matters, and any 
little irregularity in the working of the process is generally suscept
ible to easy remedy. A clean-up is uSllally made every fortnight. 
Whilst this operation is more calculated to soil the hands than the 
partial clean-up of the electrical process, its failings have, I consider, 
been greatly _ over-rated. With a well-arranged plant, proper 
appliances, and intelligent work, much of the alleged labour and 
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unpleasantness vanishes. The clearing of the boxes, the acid treat
ment, the filtering of the slimes, and the drying, roasting, and 
smelting require no very special skiU. It has transpired that at 
the Metropolitan Works it took as long to execnte the incomplete 
clean-up of the electrical process as it now doe~ for the complete 
clean-up with zinc. The automatic action of the zinc and the 
simplicity of the openLtions connected with it are weighty recom
mendations. That the zinc process should have so well stood the 
test of six years' work in the hands of men of many grades of 
ability and experience is eloquent testimony to its value and capa
bilities. One is tempted to ask whether electrical precipitation 
would come through a similar trial with such a successful record. 

No comparison of the two processes would be complete which did 
not touch oli the question of costs. The cheapest work is not 
always compatible with the best commercial results, but there is a 
fascination about low costs which is frequently apt to obscure true 
interests, It will be remembered that when electrical precipitation 
was introduced, It great future was predicted for it because of the 
economy in costs it was expected to effect, How do the costs of 
the two methods stand 1 Present performances are of far more 
importance than contentions regarding future possibilities, but as 
the latter are not withollt interest, I may say that, whilst an 
adherent of electrical precipitation is looking forward to see his 
costs descend to 2s, 3d. per ton, t,here is at least one worker ,vith 
zinc who anticipates the possibility of working for 2s. per ton with 
it. Let ns review the financial record of the two processes and 
their costs at the present day, In Mr von Gernet's paper of 
August 1894, on the working of the Siemens-Halske process at 
the \Vorcester Mine, the cost per ton is given as 3s" made up as 
follows :-

WORCESTER CYANIDE PLANT 

Costs per ion 
Filling and discharging; 
Cyanide, 
Lime 
Caustic soda 
Lead 
Iron 
Native labour 
Native wages and food 
Coal 
Stores and general charges 

Cost per ton 

S. D, 
o 10'00 
o 6'00 
o 1'20 
o 0'05 
o 1'10 
o 2'120 
o 5'20 
o 1'90 
o 4'60 
o .. 3'20 

3 0 

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
)



The Cyanide Process 

The statistics in the annual report of the Rand Central Ore Re
duction Company show that the costs of the Worcester plant during 
the twelve months ending 30th June 1895 averaged 3s. 6'9d: per 
ton, and those of the Metropolitan Mine, where the Siemens-Halske 
process was then at work, are given as averaging 3s. 4·5d. per ton, 
during a period of eight months. In the report of the May Con
solidated Mine, for the year 1895, I find that the average cost of 
the process during the twelve months was 3s. 2·854d. per ton, 
including 3 per cent. royalty . 

.As showing what the costs of cyanidation with zinc precipitation 
are, I would instance the Crown Reef, Geldellhnis Deep, Geldenhuis 
Estate, the Robinson, and the City and Suburban plants. A 
Crown Reef return is as follows :-

European wages . 
Kaffir wages 
Stores and material 
Maintenance 

Costs per ton 

Contractors, filling and emptying vats 
Power and light. 

Cost per tou 

S. D. 

0 4'201 
0 1'784 
1 7'111 
0 2'223 
0 7'768 
0 0'962 
----
3 0'049 

The average cost per ton for the twelve months ending March 1895 
was 2s. 1I·473d. 

GEI,DENHUISDEEP CYANIDE WORKS 

Costsf01' July 1896 
8,100 tons treated 

Whites £15. n 2 
Contractor 253 2 6 
Sampling residues :3 ]5 0 
Natives and food 73 16 8 
Zinc, caustic soda, etc. 67 7 4 
Timber 4 8 2 
Lubricants 1 11 ~ 

Fuel 5 0 0 
Lightings 0 2 3 
Cyanide (Is. 7id. per lb.). 341 18 5 
Steam power 110 ° 0 
Carpenter 3 6 0 
Smiths 4 0 0 
Electric light 15 2 1 
Fitter 3 10 0 

------
1,044 9 3 

=2s. 7d per ton 
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GELDENHUIS ESTATE AND GOLD MINING CO. CYANIDE WORKS 

Costs for July 1896 
S. D. 

Contractor 0 8'67 
Sundries 0 0'51 
White wages 0 3'04 
Native wages 0 1'21 
Food 0 0'33 
Cyanide 1 1'08 
Chemicals 0 0'70 
Zinc 0 0'79 

-Manager 0 0'72 
Fuel 0 1'00 
Lime 0 0'19 

Cost per ton 2 6'2+ 

ROBINSON GOLD MINING CO. CYANIDE WORKS 

Costs for June 1896 
s. D. 

-Wages and food 0 5'77 
Supplies 0 2'84 
Fuel and power 0 3'41 
Cyanide 0 8'97 
Zinc 0 0'52 
Filling and discharging 0 9'74 

Cost per ton 2 7'25 

CITY AND SUBURBAN GOLl> MINING CO. CYANIDE WORKS 

Costs for August 1895 
s. D. 

White labour 0 2'362 
~affir wages and food 0 0'369 
Stores and sundries 0 0'255 
Chemicals 0 0'260 
Zinc 0 0'6178 
Cyanide 0 10'5011 
Assay and smelting 0 1'4520 
Vat filling 0 3'8308 
Vat discharging 0 7'3954 
Electric light and power 0 0'1928 
Maintenance 0 0'3721 

-------
Cost per ton 2 3'6080 
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The Cyan£de Process 

Such is the work being done with zinc precipitation. That 
electricity should compare with so little advantage, either in the 
matter of extraction or costs, must be disconcerting to those who 
may have pinned their faith to it. That such high extractions and 
low costs can be attained with zinc has not been fully realised, and 
the figures I adduce will doubtless give it a new aspect with many. 

It is to be regretted that the various items of cost of the 
Siemens-Halske process are not published, and the industry 
thereby afforded an opportunity to criticise them. I am cognisant 
of only one such 0pPOl·tunity being given-viz., in connection 
with the Worcester plant. This opportunity for criticism is not 
lacking in the case of zinc precipitation, for many of our mines 
appear to vie with each other in giving the most detailed informa
tion regarding it. Mr Butters, in the discussion on Mr von 
Gernet's paper, stated that the "new process had lead, iron, 
and coal as heavy items, against cyanide, zinc,· and coal in the 
MacArthur-Forrest process"; also, that" the gain of the new pro
cess (electrical process) was in the lesser cost uf cyanide." That less 
cyanide is destroyed with the very weak solutions used with the 
Siemens-Halske electrical precipitation is admitted, the average 
consu.mption at the Worcester during twelve months being '28 Ibs. 
per ton,~and for eight months at the Metropolitan averaged '39 Ibs. 
per ton .. Plants using zinc experience a consumption of .cyanide 
generally ranging from '4 to 'S Ibs. per ton of tailings treated, 
many working with from '5 to '7 Ibs. per ton. I could cite instances 
where as little as '3 Ibs. and '35 lbs. per ton have been used with 
zinc-figures which leave little margin for the electrical method. 
Granting, however, this saving of cyani9.e due to the use of very 
dilute solutions, it remains for us to investigate the sacrifice made 
to obtain it. In the first place, a vat capacity abou~ 50 per cent. 
greater is requisite on account of the longer leaching treatment 
necessary. In a 500 tons pel' day plant the extm initial cost due 
to the greater number of intermediate vats, leaching vats, and 
sumps, with their fittings and erection, together with the greater 
expense of the precipitation boxes and electrical installation, as 
compared with a plant designed for zinc precipitation, might be 
taken at· a very low estimate as. £5000, resulting in an extra 
charge on eV!Olry ton of ore treated of 1·3d. per ton, calculating on 
the basis of a ten years' life for the plant. Then there are the 
extra costs directly connec~ed with the precipitation itself, for, as 
a method of precipitation pure and simple, the Siemens-Halske 
process is much more costly. We have the expense of the 
dynamo, which, with the fractional maintenance and superinten
dence .of generator and engine, might be taken at about ld. per 
ton. The charges for lead and iron at the Worcester were l·ld. and 
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2·2d. respectively per ton of tailings. There is also a charO'e for 
. b 

cupellation. Against these items we have with zinc the cost of 
this metal, which is not infrequently below id. per ton of tailings. 
From this it is obvious that to accept the saving of cyanide as so 
much clear gain would be very erroneous. 

Compare the costs of the two methods when working under 
similar conditions. Assume two plants each of 500 tons per day 
capacity, of good and similar general design, but one arranged for 
zinc precipitation with foul' days' treatment, and the other for 
electrical precipitation with six days' treatment. 

}[AcARTHUR-FORREST PROCESS, WITH ZINC PRECIPITATION 

500 TONS PER DAY PLANT 

Costs' per ton 
Filling and discharging 
Cyanide, '7 Ibs. at 1 s. 1 td. per lb. 
Lime and caustic soda 
White labour 
Native wages and food 
Fuel and power (including haulage) 
Zinc 
Stores and general charges 

Cost per ton . 

S. D. 

o 10'00 
o 9'40 
o l'SO 
o 5'00 
o 1'90 
o 3'00 
o 0'75 
o 2'75 

MAcARTHUR-FORR"ST PROCESS, WITH ELECTRICAL PRECIPITATION 

500 TONS PER DAY PLANT 

Costs per ton 
Filling and discharging 
Cyanide, i lb. at Is. 1 ~d. per lb. 
Lime and caustic soda 
White labour 
Native wages and food 
Fuel and power (including haulage and 

dynamo, and fractional maintenance and 
superintendence of generator and engine) 

Lead 
Iron 
Stores and general charges (including cupel

lation) . 
Charge due to extra cost of plant (£5000) . 
Loss of interest due to long· retention .of 

gold in extractor boxes 

Cost per ton . 

S. D. 

o 10'0 
O· 3'4 
O' 1'7 
o 5'0 
o l'D 

0 4'0 
0 1'1 
0 2'2 

0 3'2 
0 1'3 

0 0'38 

2 10'18 
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These two plants being of similar general design and treating 
equal quantities of the same tailings, the items of filling and dis
charging, white labour, and Kaffir wages, with food, must be iden
tical, the method of precipitation not affecting these, except that, 
as some think, the superintendence charges connected with elec
trical precipitation are slightly higher than with zinc. If for the 
'7 Ibs. and '25 Ibs. of cyanide in these statements I substitute 
'6 Ibs. and! lb., which more nearly represents the consumptions 
obtaining in practice, the total costs become 2s. 9·3d. for zinc and 
2s. U·28d. with electricity. In the year 1895 the zinc charge at 
the Robinson was ·66d., and the cyanide consumption was '46 Ibs. 
per ton of tailings treated. You will note that I hav~ taken the 
lead and iron charges of the Worcester plant as given by Mr von 
Gernet. In the new type of box with lead strips which has been 
introduced at the Crown Reef slimes works, the qnantity of lead 
per 1000 tons of plant capacity is twice as much, and the charges 
will be in accordance, and less favourable to electricity than I have 
indicated. I have already mentioned that with zinc it is customary 
to clean up fortnightly, and with electricity every six or eight 
weeks. The loss of interest involved in a Siemens-Halske plant 
consequent on the gold lying so long idle in the boxes is quite 
appreciable; for instance, had this method of precipitation, with 
clean-ups every eight weeks, been employed at the New Primrose 
Mine during the six months ending J line 1895, when 90,648 tons 
of tailings were treated, yielding 19,544 ozs. of bullion, the loss in 
interest alone would have amounted to a charge of ·38d. per ton 
of tailings. This item appears in the above tabulated costs. The 
charge for the cllpellation varies from 4d. to 9d. per oz. of gold. 

This comparison shows how little there is to choose between the 
two methods of precipitation on their financial aspect, and, taken 
in conjunction with the examples of working costs previously 
given, dispels the idea of superiority of electricity in this respect 
which has obtained acceptance with some of Ollr general managers. 

The following pll.per by Messrs Feldtmann and Bettel was then 
read :-

NOTES ON THE ESTIMATION OF SULPHIDES AND 
CYANATES IN COMMERCIAL CYANIDE 

With the rapid increase in the demand, in connection with gold 
extraction, for cyanogen compounds-chiefly potassic cyanide of 
greater or less purity-and the keen competition existing among 
the vendors of the commercial cyanide, a desire has sprung up 
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among the consumers to know whether they are obtaining the best 
article for their money-among the many sellers to be able t.o point 
to the fact that in some particular one manufacture is superior to 
all others. Where, a very few years ago, a determination of 
cyanogen contents, expressed in terms of potassic cyanide, was con
sidered a suffieient criterion of th~ value of commercial cyanide, 
both buyers and dealers wish nowadays to obtain a little more in
formation Itbout the article they are uRing or dealing in, as the case 
may be; and it now, with some frequency, falls to the analyst to be 
called upon to make a complete analysis of commercial cyanide. 
The methods to be adopted fOt' such complete analysis will be re
served for some future paper, but in this. article we propose to deal 
with whitt are ordinarily two of the most troublesome estimations 
in the analysis of cyanide, but which we have succeeded in simplify
ing considerably. -We refer to the estimation of sulphides and 
cyanates. This evening we shall, with your permission, describe a 
rapid and accnrate method for the estimation of sulphides, and 
shall, in the second part of our paper, which we hope to submit to 
you at next monthly meeting, describe a volumetric method for the 
estimation of cyanates. 

ALKALINE SULPHIDES 

Some months ago the question of the deleterious action of sul
phides in cyanide was ventilated with such effect as almost to cause 
a panic among cyanide works managers. It having been announced 
at one of our meetings that the presence of even a comparatively 
small quantity of alkaline sulphides might retard the solvent action 
of the cyanide to an appreciable extent, the impression seemed to 
get abroad that even a trace of sulphides in commercial cyanides 
would be fatal to its effectiveness as a gold solvent. Now, in our 
opinion, this" scare" was considerably overdone. We do not think 
that in any case was there any cyanide sold on these fields contain
ing sufficient sulphides to very seriously affect its gold-extracting 
capabilities. Probably no parcel ever used contained over 0'3 per 
cent. of potassic sulphide, and in a solution containing' 0'3 per cent. 
of the potassic cyanide the potassic sulphide would only amount to 
0'0009 per cent. This appears to us such a small quantity as to 
present no likelihood of interfering with gold extraction, though it 
might to a slight extent protract the time required to obtain satis
factory extractions. At the same time, we recognise the principle 
that, as soluble sulphides in the cyanide do retard the solvent action 
of the latter, it follows that, all other things being equal, the 
cyanide which contains the least' quantity of alkaline sulphides is 
the best cyanide. 

Before proceeding to a description of the method of estimation· 
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proposed by us, it may not be ont of place to mention that as long 
ago as June or July 1893, Messrs MacArthur and Ellis, recognising 
the possibly deleterious influence of sulphides in cyanide solutions, 
applied for a patent for addition of lead salts to working solutions 
in order to precipitate the sulphur of the alkaline sulphides in the 
form of lead sulphide. They appear to have had in mind at that 
time the alkaline sulphides which would be formed by the action of 
cyanide on arsenical and other sulphides in the ore under treatment, 
rather than any sulphides incidental to an inferior quality of cyanide. 
Owing to some blunders in the Dutch translation of theil' specifica
tion, they caused their application to be withdrawn at the last 
moment, but the modified process described by them has since been 
used with, it is said, beneficial results in more than one cyanide 
works on these fields. 

ESTnlATlON OF SULPHIDES 

The method hithel'to in nse has been a gravimetric one, consist
ing of precipitation of the sulphur with excess of carbonate of lead, 
filtering off the mixture of carbonate and sulphide of lead, oxidising 
this precipitate by means of chlorine or bromine in presence of 
excess of alkaline hydrate, and, after filtering and acidifying the· 
solution and boiling off the excess of chlorine or bromine, precipitat
ing the sulphuric acid with barium chloride in the usual manner. 
Although giving accurate results, this method is painfully slow 
and laborious. 

We have experimented with a view to discovering a method of 
converting the sulphur in freshly precipitated lead sulphide into an 
alkaline sulphocyanide, and have been entirely successful. We find 
that lead sulphide in contact with a solution of an alkaline cyanide 
will, under certain conditions, become oxidised to lead oxide and 
alkaline sulphocyanide, thus :-

PbS + KeN + 0 = PbO + KeNS. 

We know of two convenient agents which lend themselves to this 
conversion. If, after precipitating the sulphur with lead carbonate 
and filtering off the mixture of carbonate and sulphide of lead, 
we cover the precipitate with an excess of pure potassic or sodic 
cyanide in a glass vessel, and place this vessel in bright sunlight, 
we find that the colour of the precipitate becomes brighter and 
brighter, until after some two or three hours it is, except in a case 
where the quantity of sulphides present is very large, almost 
pure white. Simultaneously, we find that the solution now con
tains a quantity of alkaline sulphocyanide equivalent to the 
amount of sulphur originally contained in the lead sulphide, and 
consequently, that by filtering and acidifying the solution with 
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sulphuric acid we can, by titration with potassic permanganate 
obtain a correct indication of the amount of sulphides originall; 
present in the sample. The lead salts remaining consist of car
bonate, oxide, and a small but varying quantity of cyanide of 
lead. In cases where the quantity of lead sulphide acted upon is 
large, the resultant lead oxide may be sufficient to slightly tinO"e 
the carbonate yellow. In this instance the sunlight has accele~_ 
ated the otherwise very slow action of the dissolved oxygen on 
the lead sulphide and alkaline cyanide. As bright sunlight is in 
some countries-such as England-at a premium, -this method 
though interesting, would hardly have allowed us to claim for it 
a universal application, and a suitable substitute for sunlight had 
to be sOl1ght for. The function of sunlight in this direction was 
found to be replaced in an admirable and remarkably accelerated 
degree by hydrogen peroxide. So rapidly does this reagent bring 
about the desired result, that by use of a dilute solution, which 
may advantageously be standardised against a potassic permau_ 

ganate :00 solution, the hydrogen peroxide can, with care, be 

directly used for determination of sulphur in the lead sulphide. 
For this purpose it is added drop by drop to the mixture of 
potassic cyanide and lead sulphide until the latter completely 
loses its dark colour. The conversion not being instantaneous, a 
few seconds must be allowed to elapse after each addition of 
hydrogen peroxide. It should be noted that, if there has been a 
large quantity of sulphide, the precipitate will not turn pnre white, 
but will reach a point at which a further addition of hydrogen 
peroxide will cause no further difference in the shade. This is dne 
to the formation of a certain amount of lead sesqui-oxide, or possibly 
peroxide. Rather than titrate direct with hydrogen peroxide, we 
prefer to add this in slight excess, and destroy the excess either_ by 
chemical means or by what is popularly termed catalysis, and, after 
filtering and acidifying t.he solution, to titrate the sulphocyanide. 

The destruction of the hydrogen peroxide can be rapidly effected 
by addition of a small quantity of manganese peroxide, which may 
be assumed to act as follows:-

H 20 2 + 2Mn02 = H 20 + Mn203 + 02 
and 

Mn20 U + HP2 = H 20 + 2Mn02• 

Briefly described, our method is the following :-From 1i to 10 
or more grarnmes of the commercial cyanide are dissolved iu water, 
and the insoluble mattel·, if- any, filtered off. The solution is 
agitated with a small quantity of precipitated lead carbonate-of 
course, slightly in excess, and filtered. The precipitate, consisting 
of lead carbonate and sulphide, is transferred to a flask, and 
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covered with a few c.c. of a solution of potassic 01' sodic cyanide, 
free ft'om sulphides, sulphocyanides, or ferrocyanides. We gener
ally prepare this solution from pure potassic or sodic hydrate and 
a solution of pure distilled hydrocyanic acid. To the mixture in 
the beaker we then add hydrogen peroxide in slight excess-i.e. 
in such quantity that the addition of a few drops more causes no 
further decolouration. (The hydrogen peroxide for this purpose 
should be purified by agitation with ether and evaporation of the 
ether in a water bath.) A small quantity-say ~ gramme-of 
manganese peroxide i'l then added, and the mixture agitated for 
about two minutes, after which the solution is filtered off, acidified 

with sulphuric acid, and titrated with l~O potassic permanganate. 

1 c.c. of Foo potassic permanganate equals 

0'000053 grm. sulphur 
or 0'000182 grm. potassic sulphide. 

The potassic permanganate may be standarised by means of pure 
potassic sulphocyanide. 

1 c.c. = '0001618 grm. KeNS. 

We propose in the second part of our paper to submit examples 
of estimations of both sulphides and cyanates. 
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xxvi 
THE ordinary monthly meeting of this Society was held in the 
Ohamber of Mines Oouncil Room on Saturday evening, October 
17th, 1896. There were present some forty-five members and 
visitors, including the following :-Mr ·W. R. Feldtmann (Presi
dent), Messrs Wood, Pearce, Oaldecott, Yates, Bettel, von 'Gernet, 
Orosse, Littlejohn, McN aughtan, Dickie, Speak, Johnson, McBride, 
Stewart, Goldsbury, Betty, Roberts, Dowling, Melvill, Sandow, 
Mennie, Rand, and Dr Garny. 

The minutes of the previous meeting having been read and con
firmed, the following gentlemen were elected members of the 
Society :-Messrs D. N. Banie, D. Powrie, and S. J. Remnant. 

Mr Bettel then read the continuation of a paper on the 
" Estimation of Sulphides and Cyanates in Commercial Oyanide," 
by Mr Feldtmann and himself. 

ESTIMATION OF SULPHIDES AND OYANATES IN 
OOMMERCIAL OYANIDE 

Before proceeding this evening to the second part of our notes 
on the Estimation of Sulphides and Cyanates in Commercial 
Oyanide, we wish once more to refer to the sulphide estimation 
llescribed at last meeting, and to draw attention to one or two 
precautions which we have found essential. 

The conversion of the lead sulphide precipitate must be carried 
out in sodic or potassic cyanide containing an excess of hydro
cyanic acid. The precipitate will then become pure white. We 
find, moreover, that the whitening of the precipitate is not in itself 
a sufficient indication of completion of the conversion, and we find 
it necessary to add from three to four times as much hydrogen 
peroxide as will 'whiten the precipitate, and allow it to act for 
from ten to fifteen minutes before decomposing the excess with 
manganese dioxide and filtering off. In the sunlight method, also, 
the fact of the precipitate whitening is no definite indication of 
completion of the reaction, which continues for a considerable time 
after the precipitate is pure white. 

The following are examples of results obtained in estimating 
272 
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The Estimation 0./ Sulphides and Cyallates 273 

sulphides by the hydrogen peroxide method in two samples of 
cyanide :-

Gravimetric (a) 

" 
(b) 

Volumetric 

I. 
0'0166 per cent. 

" 
0'0188 
0'0170, " 

CYANATES 

II. 
0'01.'54 per cent. 
0'0145 
0'0150 

Owing to the well-known instability of the isocyanates or carbi
mides in aqueous solution, no record has yet been published of any 
attempt to estimate this class of compounds present in commercial 
cyanides. 

It is probable that chemists in cyanide factories have their own 
process of analysis for estimation of cyanates, but these are not 
known to the writers. 

It occurred to us that a volumetric process might be devised, 
making, use of the nitrate of silver reaction, using chromate as an 
indicator. In this we were entirely successful when working undel' 
certain conditions, which are detailed hereafter. 

If to a solution .containing cyanide, isocyanate, sulphocyanate, 
ferrocyanide, chlorides, carbonates, and bicarbonates, we add nitrate 
of silver in excess, we get :-

Silver cyanide. 
" isocyanate (carbimide). 
" sulphocyanate. 
" fenocyanide. 
" chloride. 

" 
carbonate. 

By adding cold carbonic acid water to the solution, the alkaline 
carbonate is transformed into bicarbonate, which does not produce 
a precipitate with silver nitrate. 

It would seem, then, if one estimated (1) cyanide, (2) supho
cyanate, (3) ferrocyanide, and (4) chlorides, and calculated theil' 
silver values to C.c. of silver solution, we might reasonably expect 
to obtain fairly accurate results by titrating the solution of a com
mercial cyanide after addition of carbonic acid water, and a drop 01' 

two of potassic chromate solution until the reddish tint of chromate 
of silver was obtained-deducting the previously mentioned silver 
vallle of the other constituents of the sample, and calculating the 
remainder to cyanate of potassium or sodium j but we find that, 
owing to molecular changes, which take place at even very slightly 
elevated temperatures, the isocyanate is gradually transformed into 
a salt (probably the normal cyanate), which has no action on silvet· 
nitrate. 

s 
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The following experiments were made, which indicate the use of 
low temperatures in the estimation of isocyanate :-

Isocyanate dissolved in ice-cold water :-

Potassium isocyanate (carbimide) 
Taken. 

'0875 grms. 
'3500 " 
'21ti7 " 

Found. 
'0875 grms. 
'3526 " 
'2186 " 

" " 
" " 

Dissolved in water at 25° C. (0'88% solution) :

(a) Titrated immediately-
Taken. Found. 

Potassium isocyanate (carbimide) '088 grms. '075 grms. 
Obtained 85% of original. 

(b) 

(c) 

Do., after standing 
Taken. 

'088 grms. 

Do., after standing 
Taken. 

'044 grms. 

15 minutes
Found. 

'0728 grms. 

2t hours-
Found. 

'02365 grms. 

Obtained. 
8')'7 % 

" 0 

Obtained. 
53'7 % 

(cl) Do., on standing over night
Taken. Found. 

None. '022 grms. 

It was found that the whole of the potassic carbimide (iso
cyanate) bad disappeared. The solution was tested for the 
following substances:-

Ammonia, 
Urea, 

Cyanuric acid, 
Dicyanic acid, 

with negative results. On heating the solution with HCI, the 
compound in solution split up into CO2 + NHg, showing there 
had been no decomposition, but only a rearrangement of elements 
in the isocyanate molecule. 

It was then decided to work at a temperature of from 0° to 3° 
C. A mixture was taken containing per litre (at 00 C.):-

Potassic cyanide 
" cyanate 
" sulphocyanate 

'872 grammes. 
'088 
'100 " 

" 
«(~) A portion was tested in the usual manner by silver nitrate 

to opalescence, and result noted. 
(b) The sulphocyanate was estimated by centinormal potassic 

permanganate, and results calculated to silver nitrate 
solution. 
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The Estimation of Sulphides and Cyanates 275 

(c) A third portion was then titrated (after addition of carbonic 
acid water and two drops of chromate solution) witl] silver 
nitrate to a faint tinge of red. 

(a) 100 c.c. took 8'72 c.c. silver nitrate solution to opalescence. 
(b) Calculated silver solution value = 1'3 C.c. 
(c) 100 C.c. took 20'2 c.c. nitrate of silver solution to produce 

faint red tint. 

"*" 20':20 - 18'74= 1'46 
1'46 x '006232 = '0091 

= '0091 grms. KCNO instead of '0088 
(*(a) x 2 + (b) = 18'74). 

Another mixture was made with
PotaRsic cyanide 

" ferrocyanide crystals 
" cyanate 

'8i2 
'100 
'088 

(a) 100 C.c. took 8'72 c.c., as before, to opalescence. 
(b) Calculated silver solution vnlue = 1'26 c.c. for 100 c.c. 

solution. 
(c) 100 c.c. solution took 20'15 c.c. nitrate of silyer. 

* 20'15 - 18'70 = 1'45 
l'M) x '006232 = '009 

= '009 grms. KCNO instead of '0088 
(*17'{4 + 1'46 = 18'7). 

From these experiments it will be seen that sulphocyanates and 
ferrocyanides do not interfere with the estimation of il:locyanates. 

The presence of chlorides in the sample under examination only 
offers the difficulty of destroying the cyanogen compounds, which 
we effect in the following manner :-

A portion of the cyanide solution, equal to about 5 grammes of 
the solid cyanide, is evaporated with sufficient nitric acid to form 
nitrates with the bulk of the potassium and sodium present, leav
ing about 50-100 milligrammes cyanide unattacked. When 
most of the hydrocyanic acid has escaped, about 5 grammes 
sodium nitrate and 3 grammes sodium carbonate are added and 
intimately mixed with the partly decomposed cyanide solution; 
the evaporation continued to dryness, and then the residue gently 
ignited to decompose nitrates of iron, etc. The melt is now cooled, 
dissol ved in water, and the insoluble oxides filtered off and washed. 
(The oxide of iron in the residue is then estimated by any of the 
well-known methods, and its equivalent in ferrocyanide of potassiuID 
or sodium calculated: this being obtained, the values of the ferro-
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cyanide in c.c. of centinormal potassic permanganate and standard 
silver nitrate are now calculated for the sulphocyanate and iso
cyanate estimations respectively.) 

The filtrate from the insoluble oxides is now acidulated with 
pure nitric acid, and the solution raised to boiling point: this 
decomposes cyanates with formation of ammonia and carbon 
dioxide. 

The chloride in the solution is now in a condition in which it 
may be estimated by nitrate of silver solution in the uSllal manner. 
The silver nitrate valne is also noted or calculated. 

Having estimated chlorides, cyanides, sulphocyanates, and fe1'1'o
cyanides, and determined their precipitation value in terms of c.c. 
of silver nitrate solution (one need hardly remark that sulphides, 
if present, are first removed from solution by lead carbonate), the 
actual titration for isocyanates is now performed after addition of 
excess of carbonic acid water and two drops of chromate of potash 
solution (when the reaction with silver nitrate is nearly completed). 
A little care is necessary in judging the change of colour-a com
parison solution tinted with chromate being used as a guide to the 
end reaction. 

This was immediately followed by Mr Bettel's paper on the 

ESTIMATION OF OXYGEN IN WORKING 
OYANIDE SOLUTIONS 

The want of a reasonably quick and accurate method for the 
estimation of free oxygen in cyanide solutions has long been felt by 
cyanide chemists, as 110 method of calculation known at present can 
be relied upon to indicate the relative proportions of oxygen and 
nitrogen dissolved by cyanide working solutions containing varying 
nmonnts of impurities, some of which al'e capable, under certain 
conditions, of combining with, and so rendering inactive, the oxygen 
dissolved from the air by such liquids. 

The solubility of oxygen in aqueous solutions being only small, it 
is a necessity. that cya,nide working solutions should contain their 
maxim,um of this element to ensure the solution of the gold from 
the material under treatment in the shortest possible time, to avoid 
secondary reactions which destroy the cyanide ancl increase the cost 
of the process. Under normal conditions, working with clean ores 
and fairly pure water, satisfactory results are invariably obtained, 

- but in many instances it is difficult to secure conditions which will 
ensure a sufficient excess of oxygen in the working solution to afford 
good extractions of gold. 
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Methods which have proved successful fOl' the es~imation of fL'ee 
oxygen in drinking waters have been tried by chemists here, but, 
owing to the interference of cyanides and impurities present in the 
solution, notoriously inaccurate results have been obtained. 

Thresh's Ille~hod, admirably suited for waters, requires the 
elimination from the solution of all substances which react upon 
iodine'. To do this and at the same time to leave the gases in 
solution intact is practically impossible. 

Schiitzenberger's process, modified by Roscoe and Lunt (J.C.S., 
1889,552), although complicated, was then thought of as a process 
which might be applicable, but as it has been found that free 
alkalies greatly disturb the process when working on water, the 
idea was abandoned. 

It then occuned to me to ascertain whether at a temperature of 
75 to 80 degrees C. under reduced pressure the dissolved oxygen 
would appreciably attack the unstable compounds in a cyanide 
working solution during the time occupied in driving out the 
dissolved gases (5 to 15 minutes), 

The following compounds may be in solution :-
Potm;sic (and sodic) cyanide. 

,,' " cyanate. 
" "sulphide (traces). 
" ,,~ulphocyanate. 

" "ferrocyanide. 

" " 
formate. 

" " 
carbona~e. 

" " 
hydrate. 

" " 
cobal~icyanide_ 

" " 
nicke locyanide. 

" " 
cllproso-cupric cyanide_ 

" " 
zinc cyanide. 

" " 
zinc ferrocyanide. 

" " 
zinc hydrate. 

Also traces of ammonia, lime and magnesia salts, sulphates, chlorides, ' 
undeaned organic mat~er, etc. 

The experiments I made led me to the following conclusions; 
during 15 minu~es at temperature of from 75 to 80 degrees C., and 
under 250 to 300 mm. pressure :-

(1) In dilute solutions of cyanide (under 0'5 degrees KCy or 
equivalent) the decomposition of simple cyanides is slight, 
the only reac~ion perceptibly occurring being :-

M'Cy + 2H20 = 1VI'HC02 + NH3• 
Alkaline. 
Cyunide. 

Formate. Ammonia. 
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(2) Cyanates, decomposed as under :-

~M'CNO + 4H20 = M' 2CO~ + (NH.)2C03' 

(3) The dissolved oxygen does not perceptibly attack formates, 
sulphocyanates, ferrocyanides, nickel, cobalt, copper and 
zinc compounds i.n solution. 

(4) When sulphides are present the metal is slowly oxidised by 
the free oxygen, and the liberated sulphur form~ sulpho
cyanates with the cyanide present. 

Taking these facts into consideration, I have adopted the follow
ing process, which is practically that used by Lunge and Schmidt 
for collecting. measuring, and analysing the gases dissolved in a 
sample of wate!' from the hot spring from Leuk, in Switzerland, and 
described in Sutton's "Volumetric Analysis," 6th Ed., § 100, p. 
531, figs. 96, 9j ;-

"The fla,sk A is completely filled with the water; an indiarubbel' 
plug with a capillary tube (a) passing through it is then inserted 
in the flask, and the tube is thereby completely filled with water. 
The whole is then weighed, and the difference between this and the 
weight of the empty flask and tube gives the amount of water 
taken. The end of the capillary tube is then connected to the side 
tube of the nitrometer by tIle tube (b). The nitrometer is then 
completely filled with mercury, and wh,en the tubes are quiet, the 
flask and meaRuring tube of the nitrometer are quickly placed in 
connection, without the introduction of the slightest trace of ail'. 
The water in the flask is then slowly heated to boiling. Some 
water as well as the dissolved gases collect in the measuring tube 
of the nitrometer. The tube N of the nitrometer should be lowered 
in order that the boiling may take place under reduced pre~sure. 
After boiling for five to ten minute~, the stopcock is quickly turned 
through 180 degrees, so that the flask is placed in combination with 
the cup °B containing mercury, and the flame removed. Since the 
mercury stands lower in N than in M it is not possible for any loss 
of gas to take place at the moment of turning the tap. It is also 
impossible for any gas or steam to escape through the mercury cup, 
since the pressure is inward. A small bubble of ga;; alway~ re
mains under the stopper; this is brought into 1\1: by lowering the 
tube N as much as possible, and then turning the stopcock so that 
the flask and measuring tube are again placed in connection, and, 
when the bubble has passed over, quickly reversing the tap again. 

"When the whole of the gas is collected in the nitrometer, it is 
connected with a second inFltrument 0 P, quite full of mercul'y. 
The gas is then transferred by placing the tap in such a position 
that it is closed in all directions, and the tube M is heated, by 
passing steam through the tube R. When it is quite hot the tube 
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N is lowered, causing the water in,J~f to boil in order to expel every 
trace of dissolved gas. The taps are then placed in connection and 
the gas passes over. It can then be cooled, measured, and sub
mitted to analysi~." 

(In estimation of oxygen in cyanide solutions, we take the tempera
ture and specific gravity of the liquid for the purposes of calculation.) 

When ~ulphides are present I add carbonate of lead suspended ill 
a few c.c. of the liquid and allow to settle in a bottle filled to the 
neck. The clear liquid is then used for analysis. The gases pre
sent will be-Nitrogen, oxygen, and traces of ammonia. If HOy 
is found in the liquid before boiling, ammonic cyanide vapour may 
be present in the collected gases. 

Before collecting the gases we admit about 1 C.c. of caustic potash 
solution to the nitrometer, and mix this with the condensed water 
in the collecting tube of the nitrometer. The gas is then trans
ferred to the second nitrometer, which contains a drop of sulphuric 
acid. This absorbs the ammonia. The gas now cooled and 
measured consists of nitrogen and oxygen; it is transferred to [L 

third ni~rometer, containing alkaline pyrogallate. After the oxygen 
i~ absorbed the residual nitrogen is transferred to the measuring 
nitrometer, cooled, and the volume, etc., noted. 

The loss in volume corrected for temperature and pressure is tben 
calculated to normal temperature and pressure c.c. per litre as being 
the most convenient method of stating the results. 

Temperature c.c. oxygen at normal temperature (0° C.) and 
Centigrade pressure (760 mm.) per litre of cyanide solution. 

The following table, calculated from Roscoe and Lunt's results, 
~hows the oxygen dissolved by distilled water at 633 mm. baro
metrical pressure (25 inches) from 5° to 30° C., and affords a guide to 
the maximum solubility of oxygen in dilute cyanide solutions which 
may be expected under the most favourable conditions on the Rand. 

Oxygen dissolved by distilled water, 5° to 30° C., and 633 mm. 
pressure: 

C.c. oxygen. 
N onnal temperature 

Tempera tnre. and pressure Dillcrence 
°c. pm' lib'e of water. for osc. 
5'0 7'24 
.','5 7'16 0'08 
6'0 7'08 0'08 
6'5 7'00 0'08 
7'0 6'93 0'07 
7'5 6'85 0'08 
8'0 6'78 C'07 
8'5 6'70 U'013 
9'0 6'63 0'07 
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e,e, oxygen, 
Normal t.emperat.ure 

Tempcrature, and prcssure Difference 
°0, per litre of water. for 0,5°0, 
9'5 6'55 0'08 

10'0 6'48 0'07 
10'5 6'41 0'07 
11'0 6'34- 0'07 
11'5 6'27 0'07 
12'0 6'20 0'07 
12'5 6'14 0'06 
13'0 6'07 0'07 
13'5 6'00 0'07 
14'0 5'94 0'06 
14-'5, 5't>7 0'07 
15'0 5'80 0'07 
15'5 5'74 0'06 
16'0 5'68 0'06 
16'5 5'63 0'05 
1 i'O 5'57 0'06 
17'5 5'51 0'06 
18'0 5'45 0'06 
18'5 5'39 0'06 
19'0 5'34 0'05 
19'5 5'29 0'05 
20'0 5'24 0'05 
20'5 5'19 0'05 
21'0 5'14 0'05 
21'5 5'09 0'05 
22'0 5'04 0'05 
22-5 4-'99 v'05 
23'0 4'95 0'04 
23'5 4'91 ()'04 
2-1'0 4'87 0'04 
24'5 4'84 0'03 
25'0 4'80 0'04, 
25'5 4'77 0'03 
26'0 4'73 0'04 
26-5 4'70 0'03 
:n'o 4'67 0'03 
27'5 4'64 0'03 
20'0 4-'62 0'02 
28'5 4'59 0'03 
29'0 4'57 0'02 
29'5 4'55 0'02 
30'0 4'54 '0'01 
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Zinc v. Electrolytic Precipitation 28 I 

In response to some remarks by Messrs von Gernet and Crosse, 
Mr Bettel repeated his description of the working of the apparatus 
employed exhibited at the meeting, and explained that, owing to his 
not having a reliable barometer in his posflession, he refrained for 
the present from publishing results of his work. However, he 
might state that the oxygen contents of ordinary working cyanide 
solutions were somewhat short of the amount contained in ordinary 
water. 

Furthej' discussion on these two papers was postponed till the 
next meeting. 

ZINC v. ELECTROLYTIC PRECIPITATION 

The President then invited discussion on Mr Yates' paper read nt 
the previous meeting, on "Zinc VM'SUS Electrolytic Precipitation." 

Mr von Gernet read a criticism as follows :-Mr President and 
Gentlemen,-Mr Yates' paper, giving a comparison of the relative 
merits of zinc and electricity as agents for the precipitation of gold 
from cyanide solutions, affords me an opportunity of replying thereto, 
and I shall endeavour to prove that his premises, as set forth, are 
false j consequently his conclusions must be erroneous, and, as his 
conclusions are the basis for the theories advanced, I shall endeavour 
to place before you some of the more salient points, that you may 
judge how misleading his deductions have been. In criticising Mr 
Yatefl' paper, I wish to give zinc as a precipitarit such credit or ad
vantages as it may be entitled to, that is to say, when the cyanide 
process was first intl'oduced and was worked by more or less inex
perienced men, the simplicity attending the use of zinc was of great 
value; but that day has passed, the world has gone on apace, and 
experienced men are now to be had on every hand. In dealing 
with the subject I shall avoid minor detaib and plunge directly into 
the gist of the matter, namely, the relative strengths of solution and 
cyanide consumption in the two methods. In the majority of the 
Rand ores the strength of the solution employed has but little in
fluence upon the percentage of extraction. The same percentage of 
gold would be recovered in but little more time with a '05 per cent. 
solution as with a '30 per cent. solution, consequently about the 
same leaching capacity is required with either. Mr Yates states 
"weak solutions do not in practice etlwavs show a solving efficiency 
equal to stronger ones." Alwetys is right, but in general, I thiuk, it 
is admitted that the solution of the gold depends much more upon 
mechanical conditions than upon the strength of the solution em
ployed j even '05 per cent. cyanide solution, in contact with an equal 
weight of 5.dwt. tailings, contains more than eighty-eight times the 
amount of cyanide of potassium required. Should, under excep-
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tional circumstances, gold take an extremely long time to dissolve 
in very weak solutions, a stronger solution would be employed. In 
the electrical process, the reason for using any excess of cyanide is 
simply to ensure the presence of free cyanide in solution above that 
consumed by the cyanicides in t.he ore. Not so, however, in the 
zinc process-for there that 1meconomical strength '30 per cent. is 
employed, not because it is required for the solution of the gold, but 
for the reason that should less solid cyanide be used daily in the 
iitrong solution, the strength of the stock of weak solution in the 
works would reach a point at which zinc precipitation fails to act. 
The statement is advanced by lVIr Yates that, "if solutions of this 
Ktrength are best adapted to Rand ores, then the scope of electrical 
precipitation is indeed limited, fo!' not even its stoutest supportel' 
would care to advocate its general use in connection with such solu
tions." I must say I utterly fail to grasp the relevancy of this con
clusion. The Rand cyanide managers use '30 strength or thel'e
abouts, simply because if they did not, they might dissolve out the 
gold from the tailings, but the zinc would fail to p!'ecipitate it from 
the solution; in other words, with the zinc process the strength of 
the solution 1l1Ust be adapted to the precipitation agent, whereas, on 
the contrary, the electrical process does not depend or rely upon 
chemical reaction in order to get COLTect precipitation, consequently 
any strength of solution may be employed suitable to the ore 
treated. The amount of cyanide consumed depends rnainly-

1. Upon decomposition during leaching of tailings, due to the 
chemical composition of the latter-this increases with the 
strength of the solution, since more base metal is dissolved 
by the stronger solution and consequently more cyanide 
consumed. 

2. Upon decomposition during precipitation. This, with electri
c'll precipitation, is equally small for strong and weak solu
tions, but with the zinc p!'ocess increases with the strength 
of the solution used. 

3. Upon cyanide solution lost by leakage, also as moisture in 
the residues. It is obvious, then, other things being equal, 
that in '30 per cent. solution a larger amount of actual 
cyanide of potassium has gone to waste than in a '05 per 
cent. solution. 

Electric precipitation is not, of course, confined to weak solutions 
only, but may be used with equal effect on solutions of any strength. 

CLEAN-UP. 

lVIr Yates has laid great stress upon the dependency of Siemens and 
Halske plants on a customs plant for the consumption of their clean-
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up, but states that "at the majority of the mines where zinc is in 
use the appliances and arrangemeuts for the clean-up are of the 
most crude description." The crudeness spoken of as existing in 
the majority of mines where the zinc process is used is one of the 
prominent faults in the process, inasmuch as the utmost care must 
be exercised in the clean-up to avoid large losses, and we have no 
means to-day to ascertain what the losses are, or where they have 
occurred. The natural deduction iR that such a method is not as 
advantageous to the mines as one where a simple process and 
skilled labour is employed, and all the most modern appliances used 
-as is done in customs works. The result of working the gold 
slimes at anyone individual mine gives that mine simply gold 
bullion, which is a marketable product; another mine which em
ploys the electric process simply melts down its" strips" into lead 
bullion, and has also a marketable product which can be taken to 
the customs works and refined or sold on smelted sample if desired, 
and retl11'ns made within forty-eight hoUt's. The following table 
given by 1\11' Arthur C. Olnudet, at a recent meeting of the London 
Institute, shows the difference in the real market value of good and 
base bullion ;-

Fineness Valne realiRed. 
per 1000. per OZ., fiue gold. 

s. D. 

1. Ordinary Oape Gold, 850 84 5 
2. Oyanide Gold, 800 84 2 
3. 

" 
700 83 11 

4. 
" 

600 8~ 8 
5. 

" 
500 83 3 

6. 
" 

400 83 1 
7. 

" 
300 82 9 

Oonsequently, taking zinc cyanide bullion as averaging 70 pel' 
cent. fine gold, nnd Siemens aud Halske cupelled bullion as aver
aging 89 per cent. fine gold, each ounce of fine gold in the latter 
case is worth Gd. per ounce more than in the former. 

COSTS 

Any comparison of costs between such plants as the Worcester, 
Geldenhuis Deep, Geldenhuis Estate, Robinson, and Oity and Sub
urban Oompanies is altogether abOl·tive and mislearling. Fignres 
two years old, as were taken in the VV Ol'cester costs, as against 
figures two months old, as were taken in Geldenhuis Estate costs, 
cannot be taken as representing the present situation, even if other 
cii'cumstances were equal and could be compared, and some deter
mination arrived' at by such comparison. It is impossible to COffi-

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
)



284 Chemical and Metallurgical Society of S. Africa 

pare plants, varying in size, location, nature of tailings, and facili
ties for working. Under such circumstances, even if the same 
process were used, the costs would vary according to the local 
conditions of each plant. The correct comparison is in taking two 
plants working under similar conditions, only one using the electric 
and the other the zinc process, which Mr Yates does in conclusion, 
and I accept his figures with a few alterations, as follows:-

500 tons 
per day plan t. 

Filling, 
Oyanide, . 
Lime, 
White Labour, 
Native, 
Fuel and Power, 
Lead, 
Iron, 
Oharges dne extra cost plant, 
Stores and general charges, 

'-

Electric. 
precipitation. 

s. D. 

o 10'0 
o 3'4 
o 0'5 
o 5 
o 1'9 
o 4 
o 1'5 
o 0'3 
o 0'5 
o 3'2 

It will be noted that the CORts in the above estimate for iron, 
alkali, and extra cost of plant are lower than those given in Ml' 
Yates' estimates. The saving in iron is by reason of employing a 
smaller-sized box. For a 7000 ton plant, four boxes 4! x 3 x 30 
feet, containing 3 tons iron per box, would be used. Very little 
lime and no caustic soda is used for fresh tailings, and the extra 
cost of plant amounts to less than one-half the figure stated by Mr 
Yates. The loss of interest due to the retention of the gold in the 
boxes is no larger than in the zinc process, and the gold still un
converted into a marketable product cannot in any case be taken 
into acconnt in an estimate of actual working costs. There .mnst 
be added, however, to the MacArthur-Forrest working costs, 6d. 
per onnce fine gold, equal to Id. per ton, for refining zinc cyanide 
bullion; with these corrections, then, the cost of working tailings 
by the MacArthur-Forrest procellil is 2s. 11·6d. per ton, and by 
Siemens and Halske process 2s. 6·3d. per ton, or a net saving of 
5·3d. per ton in favour of the Siemens and Halske process. 

SLIMES TREAT~lENT 

With regard to this, 1\1:1' Yates himself frankly admits that the 
electric process is without a rival. With your permission, I will, 
in conclusion, enlarge somewhat upon this point .. The importance 
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of the fact that ordinary low grade slimes can now be profitably 
treated on a commercial scale is, as yet, hardly generally appre
ciated. For the first time in the history of the metallurgy of gold 
in the Transvaal has it been possible to tJ'eat all products of the 
ore: free gold, concentrates, tailings and slimes j and not only this, 
but the necessity which now hampers mining companies, of 
retaining as much pulp as possible in the tailings vats at the 
risk of rendering the sands more or less slimy and unleachable, 
will disappear. Since slimes can be successfully treated separately, 
only so much of the mill pulp as is perfectly leachable need be 
retained in the tailings vats, with a consequent improvement over 
present extractions. So rapidly is the slimes treatment advancing 
that early in 1897 slimes plants capable of treating upwards of 
50,000 tons monthly will be at work, and within a year's time a 
slimes plant will be considered just as necessary a complement to 
the mill as a tailings plant. This combination of tailings and 
slimes plant, with a single staff and management, will be of 
peculiar economic advantage, as may now be shown. As is well 
known, every ton of water now introduced, as moisture in the 
tailings, into the stock of solution in a cyanide works, means a ton 
of dilute solution discharged, usually as moisture in the residues, 
otherwise in time the storage vats would overflow. The gold and 
cyanide contents of this dilute solution are at present lost, but 
where a slimes plant exists this dilute solution will be utilised for 
dissolving the gold out of slimes, for which purpose very dilute 
wlutions suffice. Moreover, since electric precipitation is necessary 
in slimes treatment, the extension of this method to the tailings 
plant, to avoid a double system, can be readily carried out. It 
would, in fact, be necessary to do so, on account of the complica
tions and difficllitiesintl'oduced into electric precipitations, were 
solntions employed, charged with soluble compounds of zinc, 
derived from tailings plants where zinc is used. The ready solu
bility of the gold contents of fresh slimes in extremely dilute 
solutions has long been known, and the principle of agitating with 
a solvent, allowing to settle, decanting off the snpernatant liquid, 
and washing with water in'the same manner, is one familiar to all. 
On a lar'ge scale, however, as in all other proces~es advanced 
beyond the laboratory stage, many obstacles arise in carrying out 
the details of this plan, and the success of the whole depends upon 
the success of all the details involved. As in a slimes plant, about 
seven tons of solution have to be handled for every ton of slimes 
treated, the pumping and precipitating capacity of a plant, capable 
of treating, say 15,000 tons monthly, is necessarily enormous, 
amounting to upwards of 100,000 tons per month. The gold con
tents of the solution, after passing the extractors, must be brought 
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down very low, since with every ton of treated slimes there is 
discharged a ton of dilute solution, and any apprcciable gold and 
cyanide in this is an absolute loss. Hence the necessity of perfect 
precipitation from very weak solutions. The laws governing the 
rate of settlement of slimes depend upon the nature of the slimes; 
upon the depth of the vat; upon the ratio of slimes and solution 
in the mixture; and upon the influence of various agents, such as 
lime, used to accelerate settling. Very careful study is required 
to determine the form of plant and the method of treatment most 
suitable under these complicated conditions. Various other slimes 
processes besides the one now adopted have been tried, but finally 
discarded after careful trial; filter presses, travelling band filter 
cloths, and drying and mixing of slimes with coarser material, to 
assist leaching, are all open to this objection. In the treatment 
of slimes fresh from the mill, the very ready solubility of the gold 
is liable to cause serious difficulty. If traces of cyanide solution 
remain in the first of double treatment vats after discharges, some 
of the gold contained in the overflowing slimes, when' the vat is 
next charged, is liable to dissolve, and though this may only be a 
grain or two per ton of water, yet the great excess of water over 
solid slimes makes the loss very considerable. With regard to old 
slimes from slimes dams, their treatment is further complicated 
by the presence of various sulphates, free acid, etc., produced by 
the oxidation of the pyrites, and further complicated by decom
posed animal and greasy matter from the mine and the mill. The 
difficulties encountered are not apparent in laboratory trials, but on 
actual working a great deal of experience is necessiLry to cope with 
these difficulties, and it is only slowly acquired, by much labour 
and experiment, and the expenditure of large amounts of money. 
Incidentally, the general introduction of slimes treatment will 
produce a useful effect in necessitating better methods of 
determining tonnage treated in the battery and cyanide works; 
the monthly tonnage of sands, plus that of the slimes, will have to 
equal the weight of the ore crushed during the month in the mill. 
I ha\'e now briefly reviewed the field of operation and the capa
bilities of electric precipitation, and I think it is appm;ent, from 
the facts I have stated, that while zinc has in its day done good 
service, it no longer meets modern requirements, and must be 
superseded by electricity. 

Mr McBride said-I regret that the time at my disposal 
lately has prevented me from giving the subject the attention I 
should desire, but I am convinced that it will not be settled at a 
single sitting of the Society, and I therefore hope to deal with it 
again at a future meeting. Mr Yates has a good cause for zinc 
precipitation, and Mr von Gernet may be relied upon to combat 

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
)



Zinc v. Electrol.ytic Precipitation 287 

the questions raised in a masterly style. At the same time, the 
testimony of either of these gentlemen, where proof is not forth
coming, must be accepted with more or less bias, because they al'e 
both interested parties. It is unfortunate for the electrical pre
cipitation process that the managers of the various electrical 
plants at present wOI'king ha\'e been employees of the Rand 
Central Ore Reduction Company, and are therefore naturally 
biassed in favour of that Company's process. On the other hand, 
the African Gold Recovery Company has gradually drifted out of 
working their own process, and. few of their men are now in 
charge of cyanide works. This Company has allowed tIle zinc 
process to be developed by outside individuals, and the Ore Re
duction Company took the lead in introducing many mechanical 
improvements in the process until they became part owners of 
the other. It is, I think, worthy of note that the men who are 
now working the zinc process are independent of and uninterested 
in either. They, with few exceptions, were never employed by 
the African Gold Recovery Company, and, being employed by 
mining companies, I hold that it is their duty, when their opinion 
is solicited, to give it conscientiously to the best of their knowledge. 
Though I have not worked the electrical precipitation, I have, 
throngh the courtesy of Mr von Gernet and others, carefully 
examined and studied the different plants on the Rand. Mr 
vVilliams, in hi~ remarks at the previous meeting, said he inclined 
to give his" casting vote" in favour of the Siemens-Halske pro
cess, leaving us to infer that the two processes were about equal; 
but I would endeavour to cast my vote with force and emphasi~ 
in favour of the good old zinc precipitation process. 

INCIDENTAL COSTS 

With regard to the incidental costs of plants for the two pro
cesses, I consider that Mr Yates's .estimate of only £5000 sterling 
extra for the Siemens-Habke process is very far within the mark. 
This estimate was reckoned on a 500 tons per day plant. I had 
the pleasure of reading o\'er a tender last week from the Ore 
Reduction Company to supply four boxes and one dynamo for a 
200 tons plant now being erected. This tender did not include a 
building, but simply supplying "all of above four boxes and 
dynamo" for the sum of £3625 sterling. This amount, calcu
lated on a 500 tOIlS per day plant, would represent over £9050 
sterling. For the same size of plant, eight boxes, 25 feet by 3 feet 
by 3 feet, would be more than ample, and these would not cost 
over £50 each-equal to £400 sterling. In addition to this, 
over what is required in the extractor-house for both processes, 
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there is required in the zinc-house a zinc lathe (£90 sterling), 
filter press and two small vats (£150), and two small vats for 
sulphuric acid treatment (say £100), or altogether £740 sterling. 
Thi~ leaves a margin of over £8250 sterling of difference in favOllr 
of the zinc process on the appliances for the extractor-house alone, 
without taking into account the increased size of building required 
to house the electrical precipitation boxes. With regard to the 
increased number of vats required for the electrical process, we 
have some data published lately of the cost of the May Consoli
dated by 1\'1r Osterloh, who deserves great credit for such tt 

thoronghly up-to-date plant. It is a 12,000 tons per month, 01· 

400 tons per day plant, and is reported to have cost £26,000 
sterling. Calculating such a price as this on to a plant of 500 
tons, we have £32,500 sterling. If we deduct £11,000 sterling 
for the extractor-house complete, we have £21,500 for the vats. 
Now, I think it fair to reckon that the zinc process requires 3?i
days' treatment in the vats, while the electrical, with dilute solu
tions, requires 5 days, or 30 per cent. more capacity. Thus, on 
the basis of the vats, pipes, etc., and erection, for a 500 tons plant 
costing £21,500 sterling for the electrical process, a plant to treat 
the same quantity of tailings by the zinc process would cost 
£15,050 sterling, or a difference of £6450 sterling in favour of 
the zinc. This means for the whole plant a margIn of £14,700 
sterling. 

EXTRACTION 

With regard to comparing the percentage of extraction by both 
processes, I am inclined to lay little stress on this point. This 
raises so many points of difierence between managers, such as 
capacity of the ton, manner of sampling, size of assay ton used, 
etc., that comparisons become odious. Some few -months ago Mr 
Butters, in answer to a question re what he considered a ton, 
remarked: "As near I! tons as they could get." This with 
many cyanide managers practically puts the thing in a nutshell. 
An extra cubic foot to the ton makes a big difference in the actual 
extraction, while it makes little alteration in the costs per ton. 
Provided either process suits t.he class of tailings, I consider the 
benefit of an increase of the percentage extracted depends on the 
care, intelligence, and ability of the manager and his assistants. 
But there is the question as to which is the best as a dissolvent of 
the tailings and precipitant of the gold from the solutions. The 
electrical process is forced to adopt dilute solutions. It has beell 
found at the George Goch that the dilute solution would not 
sufficiently dissolve the gold from the tailings; and the cyanide 
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manager there informed me that the gold in the solntion was not 
well deposited, as up to 3 d wts. pel' ton of solution was still left 
in the solutions after exit feom the electrical boxes. With a view 
to putting in the electrical process at the Langlaagte Royal, I was 
requested by Mr Hamilton to conduct some experiments on the 
tailings with the strengths and quantities of solution and the 
same time of contact as is used by the electrical process. I 
found that I could not get anything like a sati8factory extrac
tion, and we were therefore forced to abide by the zinc process. 
At the Glencail'll Mine I used '12 pel' cent. Key as my strongest 
solntion for several months, and both got good extraction from the 
sand and first-class precipitation in the zinc-boxes with solutions 
down to '025 or '03 KOy. My consumption of cyanide for last 
month is a fair average for the last seven or eight months-viz., 
0'54 Ibs. per ton, 01', at Is. 1 td. pel' lb., it cost 7 ·2d. pel' ton. The 
zinc used was 0'16 Ibs. per ton, or about lld. per ton. It has been 
said that the fortnightly or monthly clean-up of gold is a very 
tedious, dirty, and la.borious nnuertaking with the zillc process. 
This was no doubt the case in the early days, but, with proper 
conveniences for this work, it is neither tedious nor dirty. I have 
no difficulty in cleaning up six boxes (which are snfficient for 100-
stamp mill) in a forenoon with the boys who attend to the daily 
work of the extractor-house. The gold slime and zinc chips are 
into the sulphuric acid vat always before, noon; and after treat
ment there, and the necessary decantations of the washes, the 
slime is pumped through the filter press and put into the 
calcining furnace to roast overnight. It is quite an exception if 
the product is not all smelted into bar8 on the second day after 
the start of the clean-ilp. On the other hand, from visits paid to 
different electrical works, the clean-up se'ems always on, whatever 
time of the month yon call. Boys are always carefully cutting into 
ribbons the lead foil and fixing them on the double supply of 
frames. Even with all this preparation, I consider that from 
start of actual clean-up to return of bars of gold the zinc process 
is the quicker. It is my opinion that the problematical losses in 
smelting zinc slimes are much exaggerated, even by Mr Yates. The 
proof of the pudding is applicable here. Extractions of actual fine 
gold have not been beat by the electrical process. Wit.h ordinary 
care and careful reduction of any zinc before it is put in the 
calcining furnace, the loss is infinitesimal. The costs of smelting, 
too, with the zinc process are very much less. I have found them 
to amonnt to a fraction over 2d. per oz. fine gold, whereas; after 
the lead has been smelted into bars, there is a further charge of 
4d. to' 9d. per oz., according to the quantity treated by the Ore 
Reduction Company. 

T 
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CUPELLATION 

The fact -of the lead having to be cupelled at central works is 
certainly very much against the electrical process. The system at 
present in vogne is that the Ore Reduction Company retul'llS the 
assay value of the gold. The sampling of lead carrying about 5 per 
cent. of gold must be a very uncertain proposition: Mr Crosse re
marked that it was difficult to get the true assay value of gold in 
cyanide gold Lars. The gold retumed by the Glencairn averages 
about 815 fine. For my part, I' fail to see that there is much 
difficulty in arriving at the value of such bars. But, presnming it 
is so, what does Mr Crosse think of the difficulties of sampling a 
few tons of lead in a large furnace with a small quantity of gold 
of a different specific gravity? 

COSTS 

I would fully endorse Mr Yates' comparison of costs. It has 
been said that he has picked out the best plants of the zinc process 
to the disadvantage of the lead. I think it is the other way about. 
The May works, for instance, and, in fact, all the works adopting 
the new process, are the latest constructed works on the Rand. 
With the exception of interest on extra capital for the electrical 
process, the comparable costs (including cost of cyanide) are from 
the precipitation and reduction of the precipitate to gold bars. On 
this point many managers of the zinc works are prepared to chal
lenge the other side, and to show that, without royalty, the zinc 
process is cheaper than the lead. Then there is the question of 
royalty. The position is this-that, no matter how the judgment 
goes in the great cyanide case, it is to the interests of the mining 
companies to adopt the zinc process; for, in the event of the African 
Gold Recovery Company losing the case, they (the mining com
panies) will then be free of royalty both for the use of cyanide and 
zinc, while, if they win, there will only be one royalty to pay, and 
not two-those mines using electrical precipitation having to pay 
royalty to both companies. Thus, on tailings giving a 5-dwt. ex
traction there will be a saving of royalty in favour of zinc of 7 ·2d. 
per ton, this being the amount of 3 per cent. royalty charged by the 
Rand Central Ore Reduction Company on such tailings. At the 
Bonanza, however, with an extraction of 13 dwts., as recently re
turned, the saving will be the large sum of Is. Gid. per ton. Such 
figures as these should open one's eyes to the price being paid for 
the questionable advantages of electrical precipitation. 

In reply to Mr McBride's remarks, Mr von Gernet thought he 
had laid undue stress on the cost of the plant required for the 
Siemens-Halske process compared to that of zinc. He':coulcl not 
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off-hand confirm or otherwise Mr McBride's figures, but wished to 
draw attention to the fact that the May plant was constructed with 
a view to treating accumulated tailings in addition to present pro
duction, and, consequently, the plant capacity was considerably in 
excess of that stated by Mr .M cBride. In regard to the tender re
ferred to, he was unaware of what was included in the specification 
-i.e. there might have been pumps, launders, or anything else in
cluded. The history of the Metropolitan plant, he said, was too 
long to detail at the meeting, but he might state that all was satis
factory while it was under his charge, and, if it had changed, the 
management might have refelTed to him. As to the sampling of 
the lead bullion, he had never experienced any difficulty, a.~ " dip" 
samples taken from the molten metal were completely satisfactory. 

Mr McBride replied that, in regard to the tender referred to, he 
could state that, having seen the specification, it was for supplying 
the four precipitation-boxes and dynamo only. 

Mr Yates confirmed this. 
Mr Crosse urged the importance of settling the question whether, 

apart from subsequent precipitation, the weaker solutions of cyanide 
-say under 0·1 per cent.-would extract t.he gold from average 
Rand tailings as well as 0·3 per cent.; and stated that, as the re
ports of the meetings were read elsewhere, ~t matter of that kind 
ought to be settled, and not left an open question. He boped that 
at the next meeting members would give results of their experience. 

Mr Speak expres~ed surprise at the high cost of the May plant 
(Siemens-Halske), as he had himself constructed a plant of 20,000 
tons per month capacity for £20,000 (zinc precipitat.ion), and said 
that this certainly appeared to favour the zinc process. He stated 
that his cost of treatment (zinc process) was very much under the 
figures cited by either .NIr Yates or Mr von Gm·net, amounting to 
approximately 2s. per ton. Although he considered that in the 
generality of cases zinc precipitation was preferable to electrolytic, 
in his own case (Geldenhuis Deep) he thought the latter would 
probably be an advantage, as zinc there at present was only giving 
a precipitation down to about 8 dwts. pel' ton of solution. Mr 
Speak questioned the accuracy of statements made by many cyanide 
works managers regarding solutions assaying only 12 grs. per ton 
on leaving the zinc-boxes, and thought that such good precipitation 
was very exceptional. 

Mr McN aughtan stated that, in the case of the Geldenhuis Estate, 
he could vouch for the fact that none of the snmps would assay 
higher, and invited Mr Speak to satiRfy himself of this by sampling 
the Geldenhuis solutions. He asked Mr von Gernet what advan
tage might be gained by introdncing electrolytic precipitation there, 
as his actual extraction wag just under 80 per cent. from 2! dwts., 
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Mr von Gernet said he could not say, in the absence of know
ledge of the circumstances, and, would reserve his opinion for the 
present. 

In the course of further discussion, Me Speak gave the strength 
of his strongest solutions as 0'25 per cent., 'and his cyanide con
sumption as 0'4 Ibs. per ton, in spite of 30,000 tons of acid dump 
rock being crushed together with the fresh mine rock. 

Mr Yates reserved his reply to Mr von Gernet for a futllre Occa
sion, but would like to say a few words. He hoper! that at the 
next meeting the matter of the £3625 tender for four electrical 
precipitation-boxes and one dynamo would be explained. Mr von 
Gernet had fallen back on the slimes question for his chief argu
ments in f:wour of electrical precipitation for tailings, and apparently 
would have them believe that electricity,would soon have the field to 
itself. He, on the contrary, looked forward to the present slimes 
treatment opening up, a still greater future for zinc precipitation. 
Notwithstanding that Mr von Gernet advocated electrical precipi
tation for both ta.iling8 and slimes, he would sugge~t that their 
mines should have zinc precipitation for their tu,ilings, u,nd the 
residues extra water-washes-say about 30 tons of water to every 
100 tons of residues-passing the latter through an electrical 
precipitation-box preliminary to transferring them to the slimes 
works. This would effect an economy of Sd. per ton of tailings. 
saved by the use of zinc with the tailings, and would consist of two 
items-viz., the royu,lty charged by the Rand Central OL'e Reduc
tion Company and the saving of cyanide (the extra water-washes 
given to the tailings bringing off sufficient cyanide to treat the 
slimes). A saving over and above this might be expected from the 
higher extractions on the tailings which strong solutions were 
favourable to. He was aware that Mr von Gernet had been ex
periencing a little trouble in treating auriferous zinc solutions by 
electricity. but he did not think the difficulty unsurmountable. 

The President then closed the meeting, requesting that this 
interesting discussion might be continued at the next meeting. 
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XXVII 

THE usual monthly meeting of the Chemical and Metallurgical 
Society of South Africa Wag held in the Chamber of Mines Council 
Chamber on Saturday, 21st November 1896. 'rhere were present;
Messrs W. R. Feldtmann, President (in the chair), S. H. Pearce 
(Vice-Presid8nt), M. Rogers, A. Russell, F. G. Macdonald, J. Little
john, R. A. Alston, G. T. McBride, J. Yates, C. H. Pe11d, ''N. A. 
C11ldecott, A. von Gernet, A. H. Hartley, S. J. Remn11nt, 'V. 
Dowling, H. L. Lezard, A. McN11ughtan, A. Dickie, G. Melvill,11nd 
S. J. Speak. There was a 111rge attend11nce of visitors, including 
Messrs J. D11niell, J. Davidson, J. Johnstone, ,V. S. Steel, 'Vm. 
Jones, A. Scrymgeur, A. Locke, "V. K. Betty, T. W. Wood, etc. 

NEW MEMBERS 

The following new members were elected ;-Mes~rs A. L. Cham
bers and A. Bentley. 

The President then announced th11t two other gentlemen had 
been nominated, but, as their n11lnes had been omitted from the 
agendtt, their election would have to be postponed. He then c1111ed 
upon Mr C11ldecott to read his promised paper on 

THE RELATIVE EFFICIENCY OF STRONG AND WEAK 
CYANIDE SOLUTIONS FOR DISSOLVING GOLD 

Mr C11ldecott prefaced his remarks by calling attention to the 
importance of the relation between the percentage of gold extracted 
ilnd the strength of cyanide solution used, hoth from a scientific and 
practical standpoint. He then continued-About a year. ago I 
made a series of experiments on a working scale ·to determine this 
question. The results of these tri11ls, which were made with 1111 
possihle precautions against error, were referred to briefly in the 
is~ues of the S. A. l.lining J01.wcnal of 7th March and 14th Novem
ber 1896. As, however, they have never been laid before this 
Society, I take the present opportunity of doing so in somewhat 
more det11iled form. The experiments referred to were lll11de upon 
freshly produced slightly pyritic Jumpers tailings, of uniform grade 
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and composition, in five similar vats, each containing a charge of 
34·03 tons. The treatment each charge received was exactly the 
same, except that the strength of the solution employed varied in 
every case. This treatment was as follows :-Upon each vat was 
pumped 15·31 tons of solution, which operation ocoupied an hour. 
During thirty-five of the following seventy-two hours this solution was 
allowed to percolate slowly through the charge, and was drawn off 
below the filter-cloth into a tub, from which it was constantly pumped 
back into the vat. Each vat was kept distinct from the others, and as 
there were several tons of solution above the sllrface of each charge, 
with which that which was pumped back mingled, the solution may 
be considered at the end of the treatment as uniform throughout 
in respect of cyanide and gold contents. By this means also the 
efiect of the moisture originally in the charge was to uniformly 
dilute the solution, which dilution was duly taken into account. 
After the three days of percolation and contact,. included in above 
treatment, the soilltion was drained off for some six hours, and a 
water-washing of S·4 tons was applied to displace the remaining 
cyanide solution. Twelve hours afterwards, when the charge had 
drained dry, it was sampled. The re~ults were as follows :-

Vat. A B 0 D E 
p. ccnt. p. cent. p. cent. p. cent. p. cerit. 

Strength of cyanide solution 
applied ·052 ·140 ·475 1·330 4·334 

Strength of cyanide solution 
(diluted by moisture) when 
first in contact with tailings ·041 ·110 ·373 1·023 3·333 

Strength of cyanide solution 
after treatment ·010 ·068 '277 ·860 3·020 

Cyanide consumed (per cent. 
on weight of tailings) ·017 ·024 ·055 ·095 ·lS0 

Grains of fine gold dissolved grs. grs. grs. grs. grs. 

per ton of tailings 83 84 83 t::5 83 
Assay value per ton of tailings 

before treatment 100 100 100 100 100 

The highest assay of the residues was 17 grains, and the lowest 
15 grains: this difference of two grains may be attributed to ex
perimental error. Hence it appears that with little more than 
three days' treatment the same percentage of gold was extracted 
by a ·052 per cent. solution as by a 4·334 per cent. solution from 
the tailings of a typical Rand company. The explanation of these 
results 'may be found in a consideration of the conditions required 
to dissolve gold in cyanide solutions. 

4Au + SKCN + 0 0 + 2H?0 = 4(AuCN,KCN) + 4KOH. 
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According to Elsner's equation above, now proved experiment
ally correct by MacLaurin in his classical paper upon the subject 
(Jaunt. Chem. Soc., May 1893, p. 724), for every pound weight of 
potassic cyanide, actually used in the dissolution of the gold, an 
ounce of oxygen is required. Assuming that working cyanide solu
tions contain even as much oxygen as ordinary water-namely, 
'00085 per cent. by weight-a solution containing only '0138 
potassic cyanide is equivalent to this as far as the actual dissolving 
of gold is concerned. A ton of such solution would serve to dis
solve 6'1 ozs. of gold, '66 oz. cyanide being required for each ounce 
of gold dissolved. In practice, considerably stronger solutions than 
the above are used, in order to allow for cyanide consumed by con
stituents of the tailings other than gold. But after making due 
allowance for this, the need for having more residual free cyanide 
in contact with the ore than the oxygen present is equivalent to is 
not apparent. The more so that MacLaurin's experiments show 
that the solubility of oxygen in cyanide solutions decreases with 
the concentration of the solution. Oyanicides, other than organic 
matter, may be divided into two classes, as exemplified in the two 
common types of ferrous sulphate and iron pyrites. The former, 
containing a strong acid radical, will, unless neutralised by an 
alkali, inevitably decompose a certain amount of cyanide of potas
sium until its affinities are satisfied, and will do this whether the 
solution be strong or weak. Iron pyrites, however, is acted on by 
cyanide solution in direct ratio to the concentration of the latter, 
ail has been shown by experiment. The great influence of oxygen 
6n the rate of solution of the gold is well illustrated by the familiar 
experiment of placing one or two pieces of gold leaf on the surface 
of a cyanide solution and submerging other portions in the liquid. 
The gold leaf, in contact with both air and solution, dissolves in a 
tithe of the time required for the rest. So rapid is the action of 
even the weakest solutions nnder the circumstances that, as Mr 
Feldtmann once remarked to me, this experiment forms a delicate' 
te8t for the presence of free cyanide. Oonversely in the absence of 
oxygen, gold is unable to dissolve. MacLaurin's experiments (lac. 
cit.) and Well's experiments (Eng. Mag. of August 1894, p. 8i2) 
show this to be so. I have myself made an experiment on a gold 
ore, in presence of an absorbent of oxygen, and had no extraction. 
When the I1flinity of the red\1cer for oxygen was satisfied, very good 
results were obtained. As might be anticipated, when sufficient 
oxygen is artificially applied, the rate of solution of the gold in
creases with the concentration of the solution-up to 10 per cent. 
cyanide 'of potassium, . according to MacLaurin. Oxygen, besides 
that pl'esent in solution, may in practice be derived from air 
contained in crevices of tailings, when these are not too moist; 
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n'om exposure to air during double treatment; and from air drawn 
into the interstices between the particles of tailings composing a 
charge, when the cyanide solution is drawn off. It may be doubted 
whether the oxygen derivable from these sources is more than 
equivalent to rendering the solution equal in efficiency to that Con
taining as much dissolved oxygen as natural water. Aeration, l,y 
pumping air below the charge of tailings, throngh which it is 
allowed to rise, has not proved successful on account of its forming 
a limited number of channels by which it escapes without diffusing 
itself throughout the maas. Oxidising agents, such as potassic per
manganate, potassic ferricyanide, sodic peroxide, cyanogen bromide, 
etc., ha\'e so fal' not come into general use for tailings in the Trans
vaal owing to their increasing cyanide consumption, and also 
becanse, their effect being to hasten solution of the gold, the sallle 
end if' attained at less cost by giving longer treatment, or, in other 
words, building more Ot· larger vats. These objections may possibly 
be overcome in the future, and the use of oxidising agents, under 
improved methods, be found as advantageous as is reported to be 
the case in certain mines in the United States. In conclusion, I 
think that the fact of the efficient percentage strength of cyanide 
solutions being limited by the amount of oxygen available has 
hardly yet been practically realised, and I trust that these few notes 
and any discussion thereon may serve to bring this point into 
greater prominence. (Applause.) 

The President-Is it absolutely correct that solubility of oxygen 
in cyanide solutions decreases with concentration of solutions 7 I 
have been given to understand that in solutions up to 5 per cent. 
cyanide it increases, and over that it decreases. 

1\1:1' Caldecott - MacLaurin's experiments show a constant 
decrease. 

The President said they were all much indebted to 1\1:1' Caldecott 
fot, his valuable paper. He snggested, conr;idering the importance 
of the suhject, that the discussion be postponed until next meeting 
of the Society. 

Thi~ was agreed to. 

ZINC v. ELECTROLYTIC PRECIPITATION 

Mr J. R. Williams took up the discussion on the paper read at 
the previous meeting by Mr von Gernet on the above subject. He 
said-N otwithstanding that I have already spoken on this subject, 
takil1g into consideration that discllssion on scientIfic papers, import
alIt as they may be, are never reported unless th'ey have taken the 
form of a paper, I would therefore this evening crave your indul-
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gence in giving me permission to reiterate some of the remarks I 
made at a former meeting. I ask you to do this because I know 
that the scientific world'is carefully watching the proceedings of the 
Chemical and Metallurgical Society; and, as often it is taken that 
things left unsaid means that there is nothing to be said, r 
would therefore in the future ask the President and members of 
this Society that all replies be put in writing as mnch as possible. 
\Vith these few remarks I beg to offer the following criticism on 
1\'Ir Yates' important paper :-Mr Yates at the onset makes 
some wonderful statements in his comparison of the zinc and 
the electrical method (Siemens and Halske) of precipitation. 
Thus, speaking of the zinc, "he would only remark the simplicity 
of the process-the auriferous solution flowing over the zinc has 
its gold extracted"; whilst, speaking of the electrical method, Mr 
Yates says, "a method of precipitation relying upon snch a delicate 
and uncertain agent as electricity must obviously require special 
skilled attendants." I would like to ask MI· Yates if he was really 
serious when he made use of these statements. If so, I cannot but 
say that lVh· Yates has had no practical experience of either of the 
two methods under discussion. My own experience with the zinc 
method might be likened to my boyish shooting days with the old 
flint lock. It was all very nice when it did act, but when it did 
not there was the very devil. I am sure there are several of my 
fellow-workers pl'esent in the room who will agree with me that 
1\'Ir Yates' statement would have been more correct had he sflid 
that the zinc woulll sometimes precipitate all the gold but an odd 
5 or 10 dwts. pel' ton, and that anyone who has worked with the 
delicate and uncertain agent electricity will agree that it can be 
put on a par with that other delicate and uncertain agent-steam, 
0'· the steam-engine. Mr Yates draws attention to the great draw
back in having to depend on custom works to finish the clean-up 
of the electrical method. I would ask him-How about the zinc 
bullion, when the English refiners take ofr 5-1 OOOths or 1 pel' cent. 
of the total gold, and this after making the fineness of the bar 
anything they like 7 This, to say the least, leaves nU.lCh to be 
desired. I would here remark that in my own transactions, wh('n 
acting for other companies with the Rand Central Ore Reduction 
Company, they (the Rand Central) have actually paid more pel' 
fiue ounce of gold in the lead bullion than we could have obtained 
from the English refiners if the same amount of gold had been sent 
home in zinc bullion. I would also point out that in cases of sale 
to the Rand Central the company selling have had their cheque 
within forty-eight hours, which will stand as an off-set to some of 
Mr Yates' loss of interest through gold having to stand in the 
boxes when the management does not consider it necessary to clean-
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up oftener than every six weeks or bi-monthly. M1' Yates shows 
that this loss of interest in the case of the New Priml"Ose would 
have amounted to '7 of Id. per ton, but he has carefully omitted 
to tell you what the loss of interest has been in more than one of 
our large companies through having 600 or 700 ozs. of fine gold in 
solntion for six or nine months. As I know that at least in one 
case 'this fact was known to Ml' Yates, I am surprised that he even 
mentioned such a thing as loss of interest. Again, even Mr Yates 
must know the large shortage of gold on the first month's clean
up with the zinc method. I would ask him-Is this not also loss 
of interest? I am certainly of opinion that on this point the 
electrical method has by far the best of the argument. I would 
now like to touch upon the low costs qnoted by Mr Yates, which 
I am of opinion show nothing in favour of the zinc precipitation. 
The credit of low costs, I think you will agree with me, is due to 
onr engineers, who have so much improved the plants, giving 
low costs of handling, etc. Great differences will. be noted in the 
consumption of cyanide now and in the days when tailings were 
hauled back from dams where they had been allowed to oxidise. 
I think that even Mr Yates will give his vote in fayour of the 
Siemens and Halske method of precipitation on impure ores-ores 
containing other metals soluble in cyanide, such as copper, etc. I 
will only cite that large bodies of ores exist in the Lydenburg dis
trict, where, from actual personal experience, from t lb. to 1 lb. of 
cyanide per ton of tailings treated is nsed up in the zinc boxes to 
obtain a very imperfect precipitation of the gold. The extra cost 
of £5000 for a 500 tons a day plant, which Mr Yates speaks 
about, may look very formidable to the uninitiated in metallurgical 
operations, but I think I can easily prove that it is a very safe 
bank to deposit capital in. Thus, with the direct treatment and 
intermediate-filling tanks, which are now almost universally in 
use, the amount of water washes that can be used, if any, is very 
limited. Admitting that zinc does precipitate in weak solutions 
to as low as 1 dwt., what does this mean? I will take an example 
of one of our large mills, of which there are several nndel" con
struction-I mean our 200-stamp mills, which will each crush 
30,000 tons of ore per month, of which, say, 22,000 tons will be 
treated as tailings. Now, as it is not practicable to nse water 
waslles, this will mean finally washing with solutions carrying, 
say, 1 dwt. of gold per ton. Taking the moisture left in the tail
ings on discharging at 15 per cent., this will leave in the residues 
3'6 grains of gold per ton; or, per month, 165 ·ozs., amounting to 
over £8000 per annum. N ow, allowing that Mr Yates' figure of 
£5000 difference in cost of the plant for the two processes is 
correct, this will amount to something like 100 per cent. per 

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
)



Zz'nc v. Electl'ol)dic Prect'pz'tait'on 299 

annum on extra capital expended. My own experience, from 
careful observation with careful work, would tend to show tbtt 
the loss of gold on smelting of zinc slimes is not less than 1 pel' 
cent., and i.n some cases I know that this loss might be easily 
put very much higher; but I am prepared to put the loss down 
at 1 per cent., plus ~ per cent. taken off by the English refiners, 
on one of our 200-stamp mills with a 4 dwt. extraction. This will 
amount to not less than £3000 per annum, plus the £8000 pel' 
annum left as soluble gold in residue, amounting to over £11,000 
per annum; or, in other words, the extra cost of plant would have 
paid for itself in the first year of work and left a very good profit. 
But, of course, these figures are admitting that the electrical 
method precipitates the total gold in the very weakest solutions. 
That this is possible I know, if you have sufficient precipitating 
area. Some time ago I obtained permission from Mr Butters to 
vil:lit all their works using the electrical process. I sampled the 
weak solutions of the following companies-viz., the New Crcesus, 
Worcester, Central vV orks, and the May Consolidated. In no case 
could I find a weighable trace of gold, using half a litre of solution. 
I am of opinion that Mr Yates' comparison of costs of work is 
absolutely of no value, as it is impossible to compare the costs of 
working with a modern plant such as the Geldenhuis Deep and, we 
will say, the Worcester plant. The difference in I:lize of plant, 
constrnction, etc., will at all times account for difference in working 
costs. Therefore I do not think it fail' of M I' Yates to take the 
low costs of, we will say, the Robinson, Geldenhuis Deep, and other 
plants, and a small plant like the Worcester. Mr Y ate~, I notice, 
in several cases has given a small cost per ton in companies nsing 
the zinc process, but has carefully avoided giving the extraction pel' 
ton in the same companies. Thus, whereas he puts down the 
Worcester actual extraction at 73'7 pel' cent., he oUlitl:l to tell u:,; 
that the Robinson Company, where he quotes a very low cost, show 
in their own annual report an actnal extraction of 64 per cent. 
I think you will all agree that it is very difficult to make any com
parison between any two companies which may be using different 
sized screens and different height discharges, and with a great differ
ence in physical conditions of the ore, it being an admitted fact that 
some ores on the Main Reef series are much more amenable to cyanide 
treatment than others. I am therefore of opinion that until one 
of our large companies is prepared to divide the pulp leaving the 
mill, treating one-half by each process, their respective merits will 
always be hypothetical. Although from my own work with both 
processes, whilst admitting that zinc does succel:lsfully precipitate 
gold when in solution as auro-cyanide of potassium, I have satisfied 
myself that the electrical process does precipitate gold from any 
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solution, be it strong or weak in cyanide, alkaline, or acid in re
action. r am therefore strongly of opinion that the zinc method 
cannot be compared with the electrical method of precipitation. 
Some time ago I tried all possible ways of precipitating gold in 
weak solutions containing a large amount of lime in Rolution-I 
mean solutions from slimes treatment; and the fact that I did not 
use the zinc method on the Crown Reef slimes plant was because 
it was impossible to obtain any results. Now, one of the great 
advantages of the electrical methcid of precipitation for treatment 
of tailings would be that their water washes could be used for the 
slimes tl'eatment, thus saving 3d. per ton on slimes treatment, and 
getting an increased extraction on tailings treatment. 

The President, without at the moment going into the mel"its .of 
the discussion, could not but express surprise that ]\'[r Williams had 
hitherto raised o~jections when asked to deliver a paper. He-was 
one of the hardest subjects to get at, but his paper was a most able 
one. (Hear, hear.) 

]\'[r W. Bettel said-Since Mr Yates read his paper on Zinc v. 
Electricity, his case for zinc has been greatly strengthened by the 
recent legal decision, which has given snch great satisfaction to the 
mining community, and sorrow to nil' Yates and the unfortunate 
company to which he is engineer. The advantages of using an 
excellent process for gold extraction and recovery without let 01' 

hindrance; one on which no royalty has to be paid; a simple and 
easy process, requiring but little skilled labour; embracing a good 
method of " clean-up" (which, although not introduced by the ex
patentees, is still capable of great improvement and refinements) are 
so self-evident that I considered a report of an unbiassed investiga
tion into the relative advantages of the rival processes of solution 
and precipitation would not be unacceptable to the Society and ·the 
industry at large. Stated bt;oadly, the relative advantages claimed 
by the supporters of each of the processes are as follows:-

ADVANTAGES 

Zinc. 

(By an advocate of the proce~s.) 

1. Solution.-Greater rapidity 
of solution of gold, requiring a 
small~r plant, i.e. ;-

Treatment vats, 
Storage tanks, 
Precipitating boxes, 

than by electrical process. 

Electricity. 

(By an advocate of the process.) 

1. Solutioll.-The use of weak 
solutions of cyanide, with a 
corresponding economy in chem
icals, and a high extraction. 
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2. Precipitation.-An easily 
worked and simple process, re
quiring, with a good plant, 
merely ordinary care to pre
.cipitate from amiferous cyanide 
solutions >t high percentage of 
their gold and silver contents. 

3. Recovery of Gold from pre
cipitate (slimes) by filtration, 
purification, roasting and smelt
ing. . Permits individual com
panies to recover their gold on 
tile spot with a minimum of 
loss, and at a small cost. 

4. Value of Bulliou.-On the 
better qualities of bullion as 
now produced by many com
panies, the value ohtained in 
London is little less than that 
of mill gold. 

5. Treatment of Bye-pro
ducts.-Only small quantities of 
slags, ashes (from accidents) and 
scrapings of plumbago pots pro
duced (sold to smelters). 

6. From a financial point of 
view, the zinc process is superior 
to the electrical, an.d therefore 
the latter process will be re
stricted to the treatment of 
slimes. 

2. Precipitation. - Effectual 
precipitation from solutions of 
cyanide, weak 01' strong, acid, 
alkaline or neutral. 

3. Recovery of Gold.-Less 
gold in bye· products than in zinc 
process, no appreciable loss in 
refining. (Lead cupelled and 
treated by the Rand Central 
Ore Reduction Company, Ltd.) 

4. Value of Bullion.-Highest 
market value obtained fOt, gold 
and silver in bullion obtained 
by this process. 

5. Treatment of Bye-products. 
-Only small quantities of 
Prussian blue, skimmings, lith
arge, sweepings, etc., produced. 
(Treated by the Rand Central 
Ore Reduction Company, Ltd.) 

6. The only process working 
by means of which it is possible 
to treat battery slimes, "there
fore the zinc process must go." 

I t is a matter of such extreme difficulty-some sayan impossi
bility-to compare the two processes working at different works 
under different conditions, and to say definitely which shall be the 
better process for treating tailings (leaving slimes out of the ques
tion), that I have deeided to describe several works of modern design 
and construction in some detail, to afford members an opportunity 
of judging for themselves the relative merit of the rival processes. 
We will give precedence to the newer process and a plant of recent 
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design-the" Bonanza." Although a comparatively small plant, 
designed to treat the pulp from thirty stamps, it has attracted COll
siderable attention through the richness of the material treated 
therein during the past three months ending October. The pulp 
leaving the plates is elevated by a tailings plunger-pump to a set of 
spitzluten-one box divided into four compartments-to separate 
the more pyritic and heavier part of the ore placed over the collect
ing tanks, fitted with Butters' and Mein's distributors and dis
charge gates. The slime pulp leaving the gateR passes out through 
6-inch outlets to spitzkasteu, which separate the fine sand and 
return it to the plunger-pump, so preventing undue loss of leach
able sands. There ad six upper vats immediately over six lower 
vats for final treatment·. Each vat holds 100 tons of tailings. 
Two of the upper vats receive the so-called concentrates, and the 
remaining four the overflow from the spitzluten, containing the 
sands and slimes, the latter being separated with the water, more 
or less completely, by' the gates before mentioned. It has been 
found in practice that it is prejudicial to the successful working of 
the sands to collect more than 20 per cent. of the coarser material 
for separate treatment; the filtmtion (other conditions being 
equal) is very satisfactory when only 20 per cent. COarse 
material is separated; the gold being extracted in le;,;s time than 
if 30 per cent. coarse sands and pyrites are separated. The 
pulp in the latter case carrying less coarse material, more fine 
sands and slinles are collected, rendering filtration difficult in the 
upper vats. The mass being less porous, the lixiviation of the 
charges': is thereby retarded, and the access to the mass of atmos
pheric oxygen, which so materially,assists the solution of the gold, 
prevented hy bad drainage. It is a matter of opinion whether the 
arrangement of the tank;,;" one over the other, is economical. Per
sonally, I prefer an arrangement which admits of discharging into 
trucks and tramming these to the second treatment vats, where 
their contents can be distributed with greater regularity and at a 
trifling cost. The plant, too, is more easily handled. As the 
works are constructed, one tank must wait until the other is ready 
for discharging, and at times this is inconvenient and likely to lead 
to losses of gold through insufficient washing of 1'esidues. At the 
" Bonanza" wet masses of sands and slimes have been met with 
occl1sionally at the foot of the residue dump, one lot assaying :-

Fine gold . 
Containing dissolved gold 

Another sample gave-fine gold 

Dwts. 
14 

2 

12 

Gl'S. 

12 per ton. 
11 

" 
3 pel' ton. 
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It is contended, and with some degree of probability, that should 
such lumps occur in the collecting tanks of a plant where the 
sands are conveyed to the second treatment tanks by trucks, the 
second shaking, through emptying the trucks, would tend to break 
up these lumps, and a better extraction be thereby obtained. Of 
course, we all know that when a tank is wet and slimy, lumps will 
form in spite of all precautions, and, collecting at the sides of the 
second treatment tank, remain more or less unattacked; but that is 
generally caused through stoppages of the mill or tailings wheel, or 
irregular distribution of the pulp. No trouble is experienced in 
treating the concentrates, as in this case the percolation is free and 
regular. 

TREAT~IENT OF TAILINGS AND CONCENTRATES AT THE "BONANZA" 

The strong solution is made up to 0'1 per cent. Key once a day. 
(morning), and is continuously circulated for the remainder of the 
twenty-four hours (without strengthening) through the tailings and 
concentrates needing strong ~olution, and is then made up to 0'1 
per cent. strength. The strength varies from 0'1 per cent. to 0'04 
per cent. To give an actual example ;-

~-\t 2.0 A.M., strong sump '08 per cent. Key. 
At 7.30 A.M. 

" At 9.30 A.M., made up 
At 7.30 P.lII .. 

At S.O P.M. 

'04 
'10 " 

" '042 " 
'072 " 

" 
" 
" 
". 

the strongest solutions then coming over from the tanks. The weak 
solution ranges from '025 pel' cent. to '03 per cent. Key, and the 
alkaline wash = 'OOS per cent. Key. Two examples may be given 
of treatment of tailings and concentrates. 

Tailings. Time of treatment :-
Draining 
Treatment in upper vats 
Treatment in lower vats 

100 tons tailings. Upper vat. 19th October-full. 

! day. 
2t days. 

5 " 

S days. 

19th Oct., 9 A.M., 8 tons alkaline wash{'OOS per cent. Key). 
" 12 noon to 2.30 P.M., 8 tons weak solution ('025 to 

'03 per cent. Key). 
From 19th to 21st Oct., 34 tons strong solution (average '07 

per cent. Key). 

Drained and transferred to lower vat. 
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Lower vat:-

21st to 24th Oct., 72 tons solution '07 per cent. KCy. 

J'025 
" " l '030 
" " 

22 
" 

24 
" 

'008 
" " 

Giving a total of 168 tons solution to 100 tons tailings. 

100 tons concentrates. Upper vat:-

2nd to 7th Oct., alkaline solution 
weak 

" strong " 
Drained and transferred. 

7th to 19th Oct., strong solution 
weak 

" alkaline 
" 

Total 

13 tons. 

10 " 
100 " 

200 " 
15 " 
30 " 

368 tons. 

The concentrates assay about 2 OZS., and the residue 2~ dwts. 
Throngh the courtesy of Mr Spencer, the general manager of the 
Bonanza, and Mr Tavener, the manager of the cyanide works, 
I am enabled to give you the following results of tailings treat
ment. Up to charge 23,30 per cent. of the pulp was removed as a 
" concentrate"; after that only 20 per cent. was removed. 
Charge 24 was not classified, but had a treatment of about fifteen 
days. Up to' charge 48 only twenty stamps were running; after 
that thirty stamps were run, giving 50 per cent. more pulp for 
treatmen t in two-thirds of the time previously allowed for treatment 
of tailings. 

Charge Assays of Assays after first Resi,lnes. Extraction 
No. original. treatment. pel' cent. 

ozs. dwts. grs. dwts. gl's. dwts. grs. 

1 0 10 6 5 1~ 46';) 
2 0 9 18 *10 18 3 12 64'1 
5 0 13 12 *14 (j 2 0 ~5'1 

6 0 15 9 11 18 2 12 83'7 
8 0 14 18 14 (j ~ 18 81'3 
9 0 15 3 ,~ 0 86'7 

10 0 18 (i 2 12 86'3 
11 1 0 18 4 0 80'7' 
13 1 3 12 4 0 82'9 
14 1 0 6 ') 12 82'/ " 

• Due to presence of cyanide solution containing gold. 
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, Zinc~. Electrolytic Precipitatioj", 30 5 

Charge Assays of Assays after first Residues. Extraction 
No., original. ' treatment. per cent. 

ozs. d wts. grs. dwts. grs. dwts. grs. 

15 0 17 -18- - . 13 12 2 18 84'5 
17 O. 17 ,6 12 12 4 0 76'8 
18 0 12 0 3 9 71'8. 
19 0 15 6 14 0 2 6 85'2 
20' 0 13 12 14 18 3 18 72:2 
21 0 15 12 Iv 12 4 12 70'9 
23 0 15 12 4 18 69'3 
24 0 17 9 12 0 2 18 84'1 

'25 ' 0 17 0 17 0 2 6 86'7 
26 0 13 6 7 0 3 0 77'3 
28 0 15 18 12 12 3 12 77'8 
·29 0 15 12 G 0 2 12 83'8 
30 0 15 0 2 6 ' 85 
32 0 15 0 15 0 2 6 85 
:33 0 '17 12 16 0 5 0 71'4 
35 0 18 18 1"8 0 4 18 74'6 
36 1 0 0 15 0 3 9 83'1 
37 '0 19 0 15 0 3 9 82'2 
39 0 19 0 19 0 3 9 82'2 
40 0 16 12 13 12 2 15 84 
41 0 16 0 10 0 1 18 89 
H 0 15 12 12 0 2 6 85'5 
45 0 17 6 6 0 3 0 82'6 
47 0 13 0 6 0 2 6 82'7 
48 0 17 12 10 1::l 2 15 85 
49 0 17 3 19 15 2 18 83'8 

.51 0 16 18 14 18 3 3 81'3 
52 0 19 3 10 0 2 18 85'5 
54 0 16 12 13 0 2 12 84'8 

----- --- ---
Average 0 16 7'7 3 2'8 80'9 

(The missing numbers are concentrate charges.) 

The tailings contain appreciable amounts of soluble gold. In order 
to ascertain the amounts of dissolved gold in different parts of the 
tank, avertical section of the tailings was madein a tank (charge 30). 
The upper ,three feet contained-

Total gold 2 dwts. 0 grs. per ton, 
including dissolved gold 1> grs. 

" -----
Undissolved 1 dwt. 19 grs. 

U 
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The riext three feet contained
. Total gold 

including dissolved gold 

Undissolved 

The bottom 12 inches contained
Total gold 

including dissolved gold 

:! dwts. 0 grs. per ton, 
12 grs. " 

1 dwt. 12 grs. 

2 dwts. 18 grs.r per ton, 
17 gl·s. kJ " 

Undissolved 2 dwts. 1 gr. " 

An average sample taken from trucks assayed 2 dwts. 6 grs. per ton. 

THE THIRD TREAT~[ENT OF TAIL[NGS 

Cllarges 41, 44, 48, and 51 were re-teeated for two days with 
weak solution, alkaline solution, and water wash. 

Chal·ge. BefoTe. AfteT. 
41 2 dwts. 18 grs. 2 dwts. 0 grs. 

(including 3 grs. dissolved gold) 
44 2 dwts. (j grs. 2 dwts. 3 grs. 

(contained no dissolved gold) 
48 2 dwt~. 15 grs. 2 dwts. 0 grs. 

(contained no dissolved gold) 
51 3 dwts. il gl's. 2 dwts. 3 grs. . 

(contained no dissolved gold) 

pointing to an economy which can be practised when a slime plant 
is erected which will take wash waters in excess of present storage 
capacity at the tailings works, which is small, there being two tanks 
each of 80 tons capacity and one holding 60 tons of solution. 
Owing to the unusual richness of the tailings worked on this pro
perty, the necessity for a more perfect classification and separation 
of sands from slime becomes apparent. With a porous charge 
evenly distributed and drained to freely adniit.'air to the charge, and 
consequently permitting the efficient drainage of. the strong solution, 
so that when transferred for second treatment the sands will be 
almost in a powdery condition, the value of do.uble treatment in 
economising time and permit~ing the nse of weak solutions is readily 
seen and appreciated. 'With a charge closely .packed,. irregularly 
distl'ibuted, and badly drained, being wet when discharged into the 
second treatment vats, it is a foreg-one conclusion that ,the residues 
when discharged will be high. This opens' up the question as to the 
mechanics of .solution of cyanide of different strengths· on gold in 
tailings and the presence of excess 01' deficiency of undissolved 
oxygen, which I will refel' to later on. 
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PRECIPITATION BY THE SIEMENS-HALSKE PROCgSS, WITH 

VON GERNET'S DIPROVEMENTS 

The plant consists of four boxes, each 30 feet long by 4t feet 
wide by 3 feet deep, arranged-two sets (two strong and two weak) 
in series, and two in parallel, connected with a dynamo giving 200 
amperes at 8 volts pressure (E.M.F.). The boxes are arranged like 
the zinc precipitation-boxes for continnous upward flow past the iron 
anodes and leadfoil-strip cathodes-mercllrY contacts being used. 
In the strong boxes the lead in the last compartments was yellow 
with firmly adhering crystallised gold and silver, together with 
copper, mercury, and other metals precipitated from the solutions by 
the current. The weak and alkaline solutions in the boxes showed 
a tinge of Prllssian bIlle, and small quantities of frothy accumula
tions of ferric oxide adhered to the covering of the anodes at the 
water·line. The resistance of the weak solution is very consider
able. Each box contains 156 anodes of iron (covered with fine 
sacking closely sewn round), the weight of iron being 1350 Ibs. in 
each box, and 156 cathode-frames carrying 468 Ibs. of leadfoil 
(about 3 Ibs. per frame), cut into strips about 1 inch wide, and 
crumpled slightly to prevent adhesion of adjoining strips of foil. 
The lead was wholly immersed in the solution. As Ii Ibs. of lead
foil equals 16 sqtu1l"e feet in area (1 sheet foil), there are 5990 
square feet of cathode surface in each box, or a total area of 23,960 
square feet. Anyone familiar with the " zinc precipitation" cyanide 
works notices at once a peculiarity about the solutions in an elec
trical precipitation works. This is a very striking purple colour 
or stain left wherever the solution has leaked through or on to, be it 
iron, wood, stone or cement, and leads one to suppose the leakages 
(as the stain contained gold) are more se.rious than they actually are. 
I attribute the cause to the absence of zinc (which in the old method 
prevents the decomposition by light of auro-sodium cyanide and ferro
and ferri-cyanides). The presence of auro-sodic cyanide (sensitive 
to light) and ferro- and ferri-cyanides cause the solution to be so 
sensitive to light that a little of the gold-bearing solution allowed to 
evaporate anywhere in the light becomes purple. I have further noticed 
that in all the electrical plants I have visited, these pink or purple 
stains are met with very frequently, and this leads one to ask
Does the absence of zinc compounds in the electrical precipitation 
plant, by keeping the wood porous, lead to increased leakages and 
consequent greater (though small) losses of gold than in the zinc 
precipitation method 1 Another item of interest may be men
tioned. A cream-coloured froth at the head of the "Bonanza" 
precipitation boxes attracted the attention of Mr Tavener and 
myself. This, out of curiosity, I examine?, and found it consistell 
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principally of a lime soap, with carbonate of lime and fine sand 
and slimes, also floured mercury, some gold and silver, some 
particles of metallic iron, ferrocyanides and particles of fibre. 
While I am away from the main suqject, I may allude to another 
item of interest which is not unconnected with the lime soap 
fonnd in the last paragraph. The fatty matter (stearic and oleic 
acids, etc.) found i.n the lime soap must have been present in the 
tailings, and this brings me to the discussion of the following:
When examining the plant with Mr Tavener, that gentleman 
showed me a slimy deposit near the overflow of the spitzkasten 
(which returns, the fine sands, etc., to the tailings pump). I pro
nounced it to be a mixture of floured amalgam, slimeR, and very 
tine pyrites. Mr Tavener then told me that a sample had been 
obtained from near where I was standing (where the launder 
widens out to about 9 or 10 ft., leading to nine large spitzkasten), 
and assayed 620 ozs. bullion per ton j this result was checked, with 
the same result. This shows the pernicious effects of fatty matter 
in . flouring of amalgam and preventing the precipitation of the 
finest gold. To conti.nue-A boy is occupied in his spare time 
<:utting lead foil into strips and hanging them on to· wire frames. 
In a zinc precipitation works, his work would be at a lathe cutting 
zinc shavings. The rate of flow of solution through the boxes is 
3 tons per hour per box for the strong Eolution, and 1 ton per 
hour for weak and alkaline solutions. The precipitation is not so 
complete in the electrical precipitation boxes as in zinc boxes 
working under the best conditions (with stronger solutions). For 
instance, the following solution assays made at the Bonanza show 
the gold left in solution after precipitation :-

Dwts. Ors. 

October 14th-Weak solution 2 15 

" 
] 4th-Alkaline 21 

" 
21st-Weak 10 

" 
21st-Alkaline - 7 

" 
21st-Strong boxes 1 12 

THE CLEAN-UP 

Three out of the four boxes receive new lead j the gold-coated 
<:athodes being smelted with suitable precautions in a neat little 
reverberatory furnace, and the lead after being skimmed free from 
impurities floating on the surface, is tapped into a pivoted launder 
moving through an arc, where are placed ingot moulds, each 
<:apable of .holding 50 Ibs. of molten lead. Before tapping, the 
lead in the furnace is stirred, and a dip sample taken for assay. 
The' lead-gold alloy is ~hen purchased on agreed assays by the 
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Rand Central Ore Reduction Company, or they cupel the lead and 
return the Company the bullion with certain deductions for loss·.in 
working, i.e.:-

Gold in litharge. 
Gold in "test" (cupel). 
Gold in samples, etc. 

They pay the Company £5 per ton ·for litharge, and further 
purchase the skimmings and any other residues orbje-productl'l 
containing gold at a fixed price per ounce of gold found by assay. 
I will here mention to the ·credit of the Rand Central that their 
assays of gold-lead bullion have ·usually ·been higher than the 
mine assays. This was pointed out to me by MI' Spencer, who 
showed me the settlement notes. There is no doubt that if a 
group of companies erected reduction works containing reverbera
tory, cupellation and blast furnaces; together' with 'fl plant for 
removal of gold from reduced litharge by Parke's zinc process, 
and all the necessary odds and ends of··plant.required for treating 
bye-products containing gold, such a works would pay, and the 
Rand Central, in the teeth of opposition, would reduce their 
charges; but if I understand the position at all, I do not think 
the Rand Central exists for any othel" purpose than to make 
profitfl for the benefit of its shareholders, and I, for one, cannot 
blame the directors for getting all the profits they possibly can. 
Should, however, their charges plus royalty be so heayy as that, by 
adopting the zinc precipitation :method, it can be sho.wn that an 
additional profit can be made by a gold mining company, in all 
probability either the'Rand Central will reduce its chargeH, or that 
gold milling company will alter its method of precipitation, relying 
on a process being discovered hereafter. for precipitation of gold 
from its weakest cyanide solutions containing zinc (for a slime pro
cess). I do not think, therefore, that this matter much COnCel'l1fl 
this ·Soeiety, as finflncial men can generally be left alone to deal 
with purely financial matters and to fight their own bflttles. The 
present output of the Bonanza is 4020 tons of ore, and the cyanide 
work-s treat 3000 tons or thereabouts of tailings and concentrates 
monthly. The plant is in process of extension for treatment of 
tailings and slimes from forty stamps; it wonld, therefore, be 
unfair to quote the cost of the plant as it stands at present, 
although it has been given to me by l\fr Spellcer. 

COSTS 

For the month of October, the following show in' detail the actual 
ex.peI).ses of running ~he cyani?e works. ilTespec~ive of general charges, 
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pumping pulp to cyanide works, workshop charges, depreciation, etc., 
for 3000 tons concentrates and tailings ;-

Cyanide £263 10 8 
Leadfoil 20 11 0 
Electricity 22 6 2 
Pumping water 14 0 0 
i:ltores 18 9 6 
Hauling, transferring, and emptying, includ-

ing native labour and food 192 8 8 
White labour 112 12 0 
Smelting and refining 46 2 9 
ASf\aying. 52 7 2 
Royalty 226 10 0 
Theol'etical loss of gold (difference between 

assay of lead bullion and gold returned 
plus gold in samples) 

= 9'772 ozs. fine gold in bye-products, 
'432 

" " 
in samples. 

10'204 
" " 

at 83s, per oz. 42 G 11 

1014 4 10 
Less £5 allowed for litharge 5 0 0 

£1009 4 10· 

= 6s. 8·72d. per ton of 2000 lbs. (cost of recovering 13 dwts. 4'9 
grs. fine gold). The hauling, transferring, and emptying account is 
large for October, as the dump is being made, and mules are used 
for hauling. This item will soon be reduced, as continuous haulage 
will shortly be introduced. 

GOLD RE'l'UJDI 

August. 

Assay value of htilings, etc. 

" " 
residues 

Theoretical output 
Actual gold returned 

Deficiency, due to clean-up ten days before 
end of month, absOl'ption of gold in 
woodwork, gold ill lead (in cracks of 
small reverberatory furnace), litharge, 
" test," Prussian blue, skimmings, 

ozs. uwts. grs. 

1577 10 0 
2R7 15 0 

1289 15. 0 
700 18 19 

solution, etc. 588 16 5 

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
)



Zinc; v. Elecirolytic Precipitation 31 I 

September. 
A~say value of tailings . 

" " residues . 

Th~oretical output 
Plus deficiency from August 

Actual gold returned 

Deficiency for August and September 
(Partial clean-up)-

October: 
Assay value of tailings 

" " 
residues 

Theoretica.l output 
Plus deficiency for August and September 

Actual gold returned from three boxes 

Deficiency . 

FBRREIRA NEW CYANIDE II"ORKS 

07.s. dwts. grs. 
1780 12 12 

380 12 12 

1400 . 0 0 
588 16 5 

1988 16 5 
1816 5 13 

172 10 16 

ozs. dwts. grs. 
3053 15 0 
483 15 0 

2570 0 0 
172 10 16 

2742 10 16 
2033 16 16 

704 14 0 

The next plant I will describe and illustrate by the photographs I 
have here (by kind permission of Mr Johns and 1\'[r Cole) is the 
llew cyanide works at the Ferreira Gold Mining Co. The plant was 
originally designed to treat 9000 tons per month, but owing to the 
refractory nature of the ore it was found that a longer treatment 
was necessal'Y, and the plant was extended from six to uine treat
ment tanks, each of 300 tons capacity, and two collecting vats, 
making six in all, were added. The tailings wheel elevates the 
pulp from which the bulk of the pyrites has been removed by van
ners to'a spitzlutte, which separates coarse sands; these receive 
a prolonged treatment in the 'upper vats. An incline having a dif
ference in level of 100 feet (vertical) between the collecting tanks 
and highest point is worked by means of a continuous haulage 
system at a small cost, the IJower required while workirig being 
7t i.h.p. At present, owing to the residue being dumped on 
gronnd which does not belong to the Ferreira, continnonf' haulage 
is not yet resorted to for the residues, but it is expected that in 
two months' time this economic system of hauling residues to the 
dump will be at work. At present mules do the hauling at a heavy 
cost. The cost of the plant was: six bottom collecting tanks, 
£2908; nine upper. tanks, with foundations, embankment, con-
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tinuous haulage, extractor-house, 6 h.p. petroleum engine, sumps, 
assay office, complete, £9794. The originals vary between 7 k to 11 
dwts., and the residues assay from Ii to 21 dwts. From experiments 
Mr Johns has made, it is highly probable that in the near future the 
residues, when discharged, will not assay more than 1 ·dwt. pe~ ton. 
I would draw attention to the excellent. photographiS here exhibited, 
taken by Mr H. C. Wynne Cole, of the Ferreira old cyanide works, 
which illustrate more clearly than I can describe them the various 
parts of the works. The zinc boxes (two more hiwe· been added 
~ince the photograph was taken) are of a novel construction, and 
are built with a view to avoid. repeated handling of gold slimes. 
The following costs do not include office expenses and proportion· of 
Illanagement and sundry other expenses. These were omitted to 
compare with other costs given by previolls speakers :-

Wor'king Costs (AUY1Lst 1896). 
Cyanide 15·32d. pel' ton. 
Fuel . 1·13d. " 
Stores, etc. 2·39d. " 
Wages (whites) S·34d. " 

" (natives) 9·39d. " 
Zinc . 0·55d. " 
Assay . .1·73d." 

6930 tons treated at total cost of £1122, lOs. 7d. 
Cost per ton=3s. 2·87d. 

September' ] 896. 
Cyanide 
Fuel. 

13·73d. per ton. 
0·64d. 

" Stores, et~. 2'7 2d. 
" Wages (whites) 8·01d. 
" " (natives) 8·15d. 
" Zinc . 0·S2d. 
" Assay I·Sld. " 

6600 tOllS treated at total cost of £986, 168. Id. 
Co~t per ton = 2s. 11·S8d. 

October. IS96. 
Cyanide 11 ·45d. per ton. 
Fuel. 0·9Sd. " 
Stores, etc. 2·69d. " 
Wages (whites) ]0·34d. " 

" (natives) S·40d. " 
Zinc . 0'61 d. " 
~ssay 2·54d. " 

5940 tons treated at:total cost of £916, 18s. 3d. 
Oost per ton = 3s. 1 ·04d. 
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Augnst 
September 
October 

;tine v. Electrolytic Precipitation 3 I 3 

. Abstmct. 
Tons. . Cost. 

6930 £1122 10 
6600 986 16 
5940 916 18 

1U,470 £3026 5 

Average, 3s. l' 30d per ton. 

7 
7 
3 

5 

Cost per ton. 
S. D. 

3 2'87 
2 ll'S8 
3 1'04 

3 1'30 

Mr Torrente has been kind enough to give me the following par
ticuhirsof the cyanide works of the May Consolidated Gold Mining 
Co., Ltd. This plant started working on the 26th of March 1895. 
It has been built by the Rand Ore Reduction Co., Ltd., in accord
ance with Mr Osterloh's idea of raising the settling vats, and was 
originally capable of treating 6000 tons of tailings per month; the pulp 
was delivered by a 12-in. plunger pump. A few months afterwards 
it was decided to double the capacity of the plant so as to treat the 
pulp from the then projected increase of stamping power, and also 
with the object of treating the accumulated tailings in the dams. 
'l'his-increase comprised an additional 9 tanks to the 8 original ones, 
making in all 17 tanks of an average capacity of 200 tons each and 
·2 new precipitation boxes. All the new addition~ were finished by 
April of this year, but as yet the plant has not been worked to its 
full capacity. An additional 15-in. plunger pump was procured, 
and has so far been giving satisfaction. The old 12·in. plunger 
pump is kept in reserve, and is quite capable of throwing all the 
pulp from the 100 stamps. The' whole of the additional work was 
carried out by May, following the original plan. .The system of pre
cipitation followed is the Siemens and Halske, and from the beginning 
has proved successful. It has been stated that more men are re
quired to work this process than the zinc precipitation method; but 
this statement is inaccurate. In a modern plant the shiftmen have 
to look after the classi~cation of the pulp and. the filling of the 
settling vats, and to give general attention to the ~lling, transferring, 
and discharging of the treatment vats, making up, pumping and test
ing of the solutions, and sundry o~her wor~ connected with the regular 
work of the plant; it has therefore been found necessary to add a man 
whose business it is to look after the precipitation and good working 
of the boxes, clean-ups,. &c., helping the shiftsman when necessary. 
This .is .also. done at works using the zinc precipitation process, 
where classification of the battery pulp is adopted. The solu
tions used in this plant range in strength from 0'1 per cent. KCy 
for strong solutions, 0'025 KCy for :weak, to 0'01-0'02 per cent. 
KCy for preliminary solutions. The strong solution is made up to 
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0'1 per cent. KOy strength every morning, and added once to every 
tank under strong solution, the remaining strong solution given 
during the twenty-four hours ranging between 0'05-0'06 per 
cent. The time for treatment is, from 4 days for sands to 10 days 
for concentrates. The residues obtained ran between 15 grains and 
1 dwt. 

Original assay of fine product, 3i to 4! dwts. 
" " concentrates, 8 to 12 " 

The discharging is at present done with mules, but very soon a 
mechanical haulage will be at work, which will further reduce the 
cost of the treatment. The lead is put in the boxes in the shape of 
strips attached by clips to the wire frames, which are of very light 
construction. The time required to clean six boxes, containing 
together 468 frames, is barely twelve hours; this includes filling 
the boxes with fresh lead. The lead is removed from the boxes to 
the furnace, where it is smelted, and after cleaning tapped into 
moulds holding about 70 lbs. weight of lead. These ingots are 
taken to the Rand Central Ore Reduction Co. for cupellation. 
The gold obtained is about 890 fine. The cost of the plant, in
cluding experimental work (alteration of boxe..'l), was £27,500. 
This plant is capable of treating 12,000 tons per month, but up to 
August an average of 7500 tons pel' month only was treated. 
Since then 9000 tons per month have been treated. The working 
costs of August, September, and October are appended :-

Cyanide Working Cost, 1896 

August. £ s. D. 

Filling and emptying 390 9 6 
Royalty 166 11 9 
Assay charges 71 10 0 
Sundry stores 40 6 9 
Leadfoil 37 6 8 
Cyanide 108 1 3 
Fuel (power) 86 12 3 
Salaries 131 0 0 
Native labour 29 12 6 
General charges 113 7 2 
Maintenance 52 17 5 

£1227 15 3 

9000 tons treated, costing 28. 8·74d. per ton. 1851 ozs. bullion 
produced, valued at 60s. per oz. = £5553. 
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.2£1Z( v. Electrolyt£c Precip£tat£on 31 5 
September. £ ii. l). S. D. 

Filling and Emptying 429 11 0 o 11'145 
Royalty ·175 10 0 0 4'553 
Stores, etc. 124 15 9 0 3,239 
Lead 33 16 8· 0 0'878 
Cyanide 96 16 9 0 2'512 
Power 80 0 0 0 2'076 
Salaries 131 0 0 0 3'400 
Native labour 33 11 0 0 0'870 
Assaying and refining 

charges. 56 1 8 0 1'454 
General charges 61 0 11 0 1'584 
Maintenance. 42 4 0 0 1'095 

------ ----
£1264 7 9 2 8'806 

9250 tons treated, costing £1264, 7s. 9d., equal to 2s. 8·806d. 
per ton. . 

October. £ s. D. 

Filling and emptying 377 18 8 
Royalty 171 0 0 
Assay charges 31 13 4 
Sundry stores 24 15 10 
Leadfoil 33 16 8 
Cyanide 79 2 0 
Fuel (power) 82 0 0 
Salaries 139 I) 0 
Nl\tive labour 28 4 6 
General charges 70 3 5 
Maintenance 71 3 4 

-----
£1109 2 9 

9000 tons treated, costing 2s. 5·577d. per ton. 1900 ozs. bullion 
produced, valued at 608. pel' oz. = £5700. 

Mr C. H. Pead said-I would like to make a few remarks on 
this subject, and on the papers read previously in this connection. 
·.At our last meeting, ]\'[r von Gernet laid before us certain state
ment'> in answer to those of Mr Yates at a previous meeting, and, 
among other remarks, he descrihed the zinc process as being one of 
a past day, and that the world has gone beyond it.' This iieems a 
premature decision, seeing we have as yet no reliable data from 
which to judge of a better one, for, though we hear of what the 
eleckical process can and will do, we have not yet been able to 
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justify any pr.eference. fro!ll what it has done, nor do I think the 
arguments advanced in its favour permit us to see any special 
advantages over the older method. It was state~ that the leaching 
capacity of a plant is about the same in both cases, whether zinc 
or electricity be used. How this can be I don't know, seeing that, 
without doubt, a weaker solution requires a longer contact to effect 
the same extraction of gold as a stronger solution; and I think 
we may take it as a fact that a plant erected for Siemens-Halske 
process would require a larger leaching capacity than the zinc 
process, and therefore an extra cost. That there would also be 
extra cost in the extractor-house is an acknowledged fact: and I 
cannot see any advantage as a set.-off against this that has yet 
been established. Mr von Gernet has stated ~hat with electrical 
precipitation the decomposition of cyanide during precipitation iR 
equally !lmall for strong and weak solutions. In experiments I 
have conducted .I have not found this to be the case, but I have 
not had the advantage of actually working with the process, and 
am prepared to accept the statement; but this saving appears to 
be quite equalised by the cost of lead, zinc and iron being about the 
same- in either process. Another item of the consumption vf cyanide 
that has been mentioned is that moisture left in residues obviously 
contains more cyanide from a '30 per eent. solution than a '05 per 
cent. solution. But on examination this item of loss does not 
appear of any importance, as the strong solution of '30 per cent. 
has all been displaced by weaker solutions before the time fol' 
discharging the tailings has art"ived, and the real difference is so 
small as to be unimportant in its bearing on a comparison of the 
two methods. One of the great disadvantages of the electrical 
precipitation is, I think, the limited market open for the disposal 
of the lead bullion when obtained. The competition for gold 
bullion is extended and keen, home markets being equally avail
able, and the lowest charges are incurred in consequence and the 
highest value obtained. Mr von Gernet has made a Rpecial refer
ence to. the difference in value of cyanide gold and Siemens-
Halske cupelled bullion, and he has, accordingly, added on a 
charge of 6el. per oz., equal to ld. per ton, to the costs of the zinc 
process. But we are regarding this matter from the point of view 
of the mineR producing the gold, and not from that of the customs 
works, and I notice that while a charge of 6d. per oz. WIll refine 
cyanide bullion of 70 per cent. fine gold, which, by-the-bye; I con
sider a very low average value, it costs the mines as high as 9d. 
per oz. to obtain gold of S!) per cent. fineness from the lead bullion 
that contains it; so in the first place a Siemens-Halske process 
plant pays 9d. for refining to the Customs works, and another 2d. 
or 3d. per oz. for the refining of the gold thus obtained. With 
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'Zinc v. Electrolytic Precipitation 3 I 7 

l~eference to the slimes treatment, the electric precipitation 
appears to me to afford distinct 'advantages by its ability to deal 
with very dilute solutions which are suitable for the treatment of 
slimes,. and in this direction I look for direct assistance from the 
new process; but, as at present worked, I believe it can never 
supplant zinc precipitation in its treatment of sand. The costs of 
the zinc precipitation' works have been brought so low by care 
and attention that it requires exceptional advantages for any new 
process to improve on the figures; and returns have been pub
lished which show an improvement on the costs as drawn up 
theoretically by Mr von Gernet and Mr Yates for a 500 ton per 
day plant. I should like to ask if any gentleman is prepared to 
state that the actual costs of any works where the Siemens-Halske 
process 'is installed, have, over a period say of three consecutive 
months, averaged as low or lower than 2s. 6·3d. per ton. Mr 
McBride gives the costs of smelting and calcining zinc slimes at 
2d. per oz. of .fine gold obtained. Of course thi~ would vary with 
the amount of gold produced, hut it seems a low estimate, and I 
should like to ask him if it includes chemicals, melting pots and 
fuel. I trust the question of zinc v. electricity will be so thoroughly 
discussed that no doubt shall be left as to which is the best method; 
and, .personally speaking, I should always prefer the process not 
saddled with a royalty, other things being equal. 

Mr Yates was the next speaker. He said-Even Mr von 
Gernet's ability and skill in speech has failed to hide the unstable 
foundation upon which electrical precipitation for tailings stands, 
and on which its passing reputation is based. Notwithstanding 
that his position does not permit him to recommend zinc or look 
upon it with favour, it would be difficult to emphasise the sim
plicity attending its working in stronger words than those he 
employs-viz., that" whtm the cyanide process was first introduced 
and was worked by more or less inexperienced men, the simplicity 
attending the use of zinc was of great value." In my statement 
to the effect that "at the majority of the mines where zinc is in 
use, the appliances and arrangements for the clean-up are of the 
most crude description," he has contrived, in some strange fashion, 
to detect a failing of the process. 'How the failure of the mines to 
avail themselves of the simple and effective appliances necessary 
and available can be construed into a fault of the method I cannot 
comprehend, yet he refers to it as a prominent fault.' Many of 
the zinc plants are a'3 old as the cyanide process, and would well 
do with remodelling and bringing up to date. If the mines are 
not prepared to do this, then the fault is theirs, and not that of the 
process, which we must judge as it stands to-day. Mr McBride 
has pointed out what can be 'done with proper appliances and 
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arrangements, and the New Primrose, with its large plant and 
weekly clean-up, is another case i~ point. Mr von Gernet assures 
us that "skilled labour is employed and 'all the most modern 
appliances used" in the clean-up of the electrical process; quite 
so, hence the injustice of comparing it with the zinc process of 
some mines which will avail themselves of neither the one nor 
the other, but which, notwithstanding their oh:lolete plants and 
arrangements; are obtaining economic results equal if not superior 
to those of Mr von Gernet's new and expensive plants. In his 
remarks, he hastens at once to place before us those words which 
his Oompany have worked so hard-i.e. very dilute solutions and 
small consumptions-but he carefully forbears from showing the 
other side of the Siemens-Halske process, the greater cost of 
plant and precipitation, amI the possibility of poorer extl·actions; of 
these considerations they would rather we were not cognisant. He 
is compelled to admit that weak solutions do not in practice always 
show a solving efficiency equal to the stronger ones. In perusing 
his remarks, I was particularly struck by the following passage; 
"The same percentage of gold would be recovered in but little more 
time with a ·05 per cent. solution as with a ·3 per cent. solution, 
consequently about the same leaching capacity is required with 
either." This sentence illustrates how misleading words can be. In 
the first place there are tailings on which a ·05 per cent. solution 
would not, in a reasonable time, yield an extraction equal to that 
given by one of ·3 per cent. He avers that the weaker solution 
would require a little more time, b.ut that about the same leaching 
capacity would be required. How he reconciles the longer time 
required with the same leaching capacity I cannot say, but I think 
that in general practice he would find that with a ·05 per cent. 
solution he would need a leaching treatment of about twice the 
duration required with a ·3 per cent. solution, and I fail to see how 
a plant twice as large as another can be said to be about the same 
size. If the gold will not dissolve satisfactorily in a very dilute 
solution, and we require to use a strong solution as he says, where 
does electrical precipitation come in 1 For with such solutions zinc 
will, under ordinary conditions, do the work equally well and much 
cheaper. M r Butters has assured us again and again that the 
advantage of electrical precipitation lies in the small consumption of 
cyanide, due to the use of "ery dilute solutions, an economy, how
ever, w hieh he quite forgot to tell 11S was fully counterbalanced by 
the extra costs. When, therefore, we cease to use very dilute 
solutions, the applicability of electricity on the score of this pro
fessed economy disappears. Mr von Gernet tells us that in the 
zinc process" that uneconomical strength ·3 per cent. is employed." 
Uneconomical it may be so far as .cyanide is concerned, but it is 
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surely a sound policy to spend twopence more in cyanide, if by so 
doing two shillings extra profit is secured. I would remind him 
that '3 per cent. is above the average strength in use with zinc on 
the Rand, and that solutions of '15 per cent., '2 per cent., and '25 
per cent. have been used, and that consumptions of '3 lb. and '4 lb. 
are not known. Where is the margin in cyanide here to counter
balance the extra costs and the drawbacks attending electrical pre
cipitation 1 In leaving this question of solution and extraction, I 
would ask attention to Mr M;cNaughtan's results in the Geldenhuis 
E,;tate, where with zinc precipitation he is . obtaining extractions of 
abont 80 per cent. on tailings seldom reaching 3 dwts . .value. 
Mr von Gernet lays some stress upon the difference in the fine
ness of hullion produced by the two methods, and speaks as 
though impure bullion were unavoidable with the zinc process. 
This has been somewhat of a general belief, but is, nevertheless, 
incorrect. Bullio~ of 900 fine can and has been obtained with the 
zinc process. Regarding the recent proposal re the purchase on 
smelted sample of the lead bullion of the Siemens-Halske process, 
it would be interesting to know how a satisfactory assay value 
of the lead bullion is to be obtained, also by whom. When we 
consider that it is by no means uncommon to have errors of * and t 
per cent. in such assays, it becomes apparent that the suggested 
remedy might prove worse than the evil. Turning now to the 
question of costs, what is Mr von Gernet's idea in stating that 
" any comparison of costs between such plants as the "Vorcester, 
Geldenhnis Deep, Geldenhllis Estate, Robinson, and Oity and Sub· 
urban Oompanies is altogethel' abortive and misleading." He 
persistently ignores that I give special prominence to the May Oon· 
solidated plant-one of the newest and largest on the Rand, and 
which I particularly instanced because I was desirous' of showing 
what the Siemens-Halske process was doing under the most favour
able conditions. Some of the zinc plants I compared it with were 
no larger, and all with one exception were older, the Robinson 
plant dating back to the earliest days of the process. If I men
tioned the Worcester plant, it was because it stands in the unique 
position of being the only Siemens-Hal,;ke plant, to my know
ledge, which has published its items of cost. We occasionally see 
tlle total costs, but ·it would be interesting to know how these are 
apportioned. The Siemens-Halske plants being new, and ha,ving 
been put up regardless of expense, ought, in the ordinary course of 
things, to be doing much cheaper work than the old zinc plants, but 
in view of the superiority claimed for electricity, it is strange that 
with all the advantages they possess in the way of construction and 
arrangement, and with all the saving of cyanide, their costs will not 
bear compat:ison with those <;>f many zinc plants. Like Mr McBride, 
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I have'met rnanagei·s of zinc plants 'who are .confident that thev 
could take the tailings ·at presen't b'eing treated by the Siemen~· 
Halske process alld obtain far better economic results on 'them 
with stronger solutions and zinc precipitatIon. In dealing with the 
tabulated costs of the two 500 ton per day plants, which I 
aHsumed for the purpose of comparison, Mr von Gernet has surely 
displayed considerable' bias. He accepts the items of filling and 
discharging, labour, fuel and power, stores and general charges' as 
correct; he also takes i lb. and'j lb. as being tlie consumption of 
cyanide with the electrical process and the zinc process respec
tively, entirely ignoring the fact that in giving. these latter figures 
I had purposely favoured electricity and not done justice to zinc. 
Are we to. overlook those consumptions with zinc 'ranging from 
:3 lb. to '5 lb. per ton 1 Mr von Gernet will correct me if I am 
wrong in saying that in the Siemens-Halske process the destruc
tion of cyanide generally amounts to over i lb. per ton, t.hat it is 
the exception rather than the rule fOl' it to be so ·low as this. 
Then, regarding lime, he puts the cost of this with electrical 
precipitation at 0·5d. per ton, but leaves the cost with zinc 
standing at 1 ·Sd. The lead charge he figures at I·5d. pel' ton. 
vVith respect to the extra cost of plant, how Mr von Gernet 
can come forward and assure us that the total extra cost of the 
Siemens-Halske plant, compared with the zinc plant, is only £2500 
I cannot understand, in face of thei.r charge for precipitation boxes. 
The cost of the extractor-house alone wonld account for the greater 
part of £2500. What, then, of the extra vats required, with their 
foundations, erection, platforms, distributors, piping and other fit
tings 1 Even taking the length of the treatnlent required as six 
and eight days for '3 and '1 per cent. solutions respectively, fully 
8-250 ton extra vats would be needed for the more dilute solutions 
in a 500 tou per day plant, and these would cost at least £4000 in 
position, so that, in placing the total extra cost of the Siemens
Halske plant at only £5000, I submit that I have favoured the 
electrical process. In estimating t,he charge due to this, the 
interest on the sum during the life of the plant has also to be 
taken into account. Taking the life at ten years, then £5000 at 
7 per cent. compound interest would double itself in that time, 
and the charge per ton of tailings wonld be I·3d. as I have tabu
lated it. On a five years' life the charge would be 1 '8d. per ton. 
I fail to follow Mr von' Gernet when he lays down that .the loss 
of the iuterest due to the retention of gold in the electrical boxes 
is no larger than in the zinc process. How is it possible to main
tain this, seeing that in the one case the clean-ups are fortnightly 
and in the other case every two months 1 At the New Primrose 
Mr Barrie has a clean-up every week. This, I think, disposes of 
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the items of compamtive cost. Mr Speak has shown what it is 
possible to do in this direction; approximately 2s. per ton for 
treatment is an achievement which the Siemens-Halske' or any 

·other process will find it difficult to surpass. In discussing this 
question of precipitation, I prefer to keep strictly to the considera-
tion of intrinsic merit, and avoid the question of royalty. M r von 
Gernet has thought fit to introduce the slimes proposition: I do 
not see sufficient in his arguments in this direction to call fOt· 
further comment on my part. And now, in conclusion, consider 
the record of the Siemens-Halske tailings plants. About ten such 
have been started, including their own Central works and the 
Worcester, which is also run by them. Of,the others, three have 
only recently got to work, and one of these is experiencing high 
residues. Of the remaining few, one, the Metropolitan, has diH
carded electricity for zinc. All the arguments of Mr von Gernet 
and all the harping on saving of cyanide is powerless to alter the 
facts of the case, the fact that in both extractions and costs the 
Siemens-Halske process can be, and is being, beaten by zinc and 
stronger solutions. 

Mr A. McN aughtan had a few remarks to make and a few 
questions to ask on this subject. In spite of Mr von Gernet's 
confident assertion that zinc no longer meets modern requirements, 
and must be superseded by electricity, a large number of us are 
not yet prepared to consider the case for electricity proved. Mr 
von Gernet very kindly admits that in the early days of cyaniding, 
when worked by more or less inexperienced men, such as our Presi
dent-(laughter)-the simplicity of the zinc process was of great 
value. Mr von Gernet evidently objects to this; hut surely 
simplicity is one of the strongest arguments that can be advanced 
in favour of any process. Mr von Gernet says, in an early part 
of his notes, that the gist of the whole matter, avoiding details, is 
relative strength of solution and cyanide consumption. I take 
leave to doubt this. Fro'm the standpoint of the cyanide manager, 
these are only details-items of cost. To him the gist of the whole 
matter is total COstR and the number of ounces fine gold recovered 
at the end of the month. If Mr von Gernet can prove that elec
trical precipitation from tailings gives better, and 'consequently 
cheaper, results, that 'ends the matter; but, from the data supplied, 
I cannot extract the proOf. What costs will 'Mr von Gemet 
accept ~ He objects to a comparison between the Worcester and, 
among others, the Geldenhuis Estate. This plant is a converted 
one-i.e. it was designed for direct filling, and is severely handi
capped in consequence, now that we use distributors. In a com
parison,· say, between the May and Geldenhuis Estate, ,I'know we 
can beat them in costs, and I am not afraid of their extraction. 

x 
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We all want the best process, and the best process will win; but 
up to the present I see no reason why zinc precipitation is to be 
put pityingly on one side as an ancient chemical curiosity. No 
one admires Mr von Gernet more than myself for his indefatigable 
work on electrical precipitation, and for his sake we all hope his 
labours will be crowned with success; but is it not time we were 
taken It little more into his confidence 1 We do want, so badly, 
actual, not theoretical, working costs. On paper, Mr von Gernet 
runs his plant on 2s. 6d. per ton-the approximate price it costs 
the Geldenhuis Estate to run by zinc; but where is his plant of 
similar capacity, except on paper, that is run at this figure 1 Mr 
von Gernet cannot imagine how anxious we all are for the revela
tion of the mysteries of the Robinson slimes plant. He can tell 
11S first what it cost. Then, after that (which should be simple)
working costs, mechanical and chemical; tons slimes treated; tons 
fine sands treated, separated by spitzluten; assays of slimes and 
sands; assays of residues; assays of sumps; percentage of extrac
tion, theoretical and actual, with notes on discrepancies, if any. 
How does the total amount of cyanide used work out per ton of 
ore 1 What is your ton of ore, and how is it measured 1 When 
we get answers to these questions-all or any of which will be 
answered by the Geldenhuis Estate--we will be in a better position 
than at present to judge the process both scientifically and com
mercially. In connection with the latter part of Mr vou Gernet's 
remarks, might I ask him or Mr Williams where the 2000 tons of 
slimes required to balance the ore account of the Ot'own Reef 
account have gone to 1 When the advocates of electrical precipi
tation open their works and let the facts speak for themselves, then, 
with independent evidence to rely upon, either zinc or electricity 
will be driven from the field. 

Mr Williams was quite willing to answer the question as to the 
Crown Reef slimes. When the plant was first erected, it was not 
very complete, and the difference mentioned by the last speaker 
was accounted for by slimes sold to the Rand Central Ore Reduc
tion Company, and they fetched a very good price . 

. Mr von Gernet, in answer to some of the criticisms, said so 
many questions had been raised that it would be necessary to put 
his complete answers in the form of a special paper. As to the 
treatment of slimes, that should form the subject of a special dis
cussion later on, when something more might be said about it. 
With respect to the questions of Mr McNaughtan, without giving 
full information about the whole plant, it would not. be very 
useful. He thought, therefore, it would be better if that matter 
were left to a later day. Besides that, he thought Mr McNaughtan 
would soon be able ·to see the results of his own slimes plant, now 
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under construction. He (Mr McNaughtan) had referred to the 
costs quoted by himself and Mr Yates as ideal cosbs. This he 
admitted to some extent, as it was impossible to procure data as to 
some of the items necessary. This was why he and Mr Yates had 
assumed an ideal plant. 

THE VICE-PRESIDENT' 

The Pl'esident said, as it was late, he thought it would be as 
well to postpone the discussion again. Another matter he would 
like to refer to. This would be the last occasion for several 
months to come upon which they would have the pleasure of 
seeing their worthy Vice-President, as he was leaving that night 
by train en route for England. He" would therefore move a hearty 
vote of thanks to Mr Pearce for his very valuable services to the 
Society. No one knew better than he (the President) the value of 
those services-in fact, he might state that the Society owed its 
very existence to his labours. (Cheers.) 

Me Pearce, in responding, 8aid his services to the Society had 
been very much exaggerated. However, he thanked them heartily 
for their kind appreciation, and trusted all would do their besb to 
keep the Society strong and healthy. (Cheers.) 

This concluded the business. 
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XXVIII 

THE ordinary monthly meeting of the Chemical and Metal
lurgical Society of South Africa was held on Satllrday evening, 
Decemher 19th, 1896, in the Council Chamber of the Chamber of 
Mines, Market Street, Johannesburg. Mr W. Bettel presided, 
and the other members present were :-Messrs Andrew F. Crosse, 
John R. Williams, K. L. Graham, A. H. Hartley, A. F. Stewart, 
H. T. Durant, A. Dickie, A. McNaughtan, S. J. Remnant, A. 
Russell, Edward H. Johnson, G. T. McBride, P. S. Tavener, 
H. C. Steadman, T. W. Wood, A. W. Ablett, W. K. Betty, and 
W. A. Ledingham. The following visitors were also present:
John Daniell, R. S. Douglas, T. S. Bromley, J. R. Morris, John 
Watson, A. Campbell, and Robert Dives., 

The minutes of last meeting were confirmed, the Chairman 
explaining that, according to the new procedure, the Council 
passed the minutes, and brollght them before the meeting for 
approval. 

The following new members were then balloted for and 
declared duly elected :-Messrs P. S. Tavener, J. Dykes, W. A. 
Ledingham, S. S. Adam, and P. Morrisby. 

Mr A. F. Crosse then read the following paper on the 

SOLVENT POWER OF VARIOUS CYANIDE SOLUTIONS 

Mr Chairman and Gentlemen-The various experiments which 
I intend to describe in this paper were Ruggested to me during 
the discussion on Mr Yates' paper. In one respect, there is a 
certain analogy between the conditions of amalgamation and 
cyaniding. There is nothing new to be said about amalgamation. 
We all know that the one chief condition necessary for proper 
amalgamation is that the mercury should be clean. If we have 
ten times the surface of amalgamated plates, with unfavourable 
conditions, we should not recover as much gold as with less 
amount of surface and proper conditions. When I asked the 
question at one of our meetings ,some three months ago, whether 
weak solutions, as used in the Siemens and Halske process, dis
solved the gold as readily as stronger ones, I was not then aware 
that the stL'ength of the cyanide solution was a matter of relative 
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Solvent Power of various Cyanide Solutions 32 j 

unimportance. An excess of cyanide of potassium is required 
anyhow, but that excess is only one factor in the reaction. There 
is· nothing new in all this to most of you, but the following experi
ments will, I am sure, prove· interesting to those practically 
engaged in the cyanide process of gold recovery. I have several 
times mentioned at these meetings that a simple and exact. method 
of estimating the gaseous oxygen in working solutions would be a 
boon to the managers of cyanide works. The skilled amalgamator 
knows at once when his plates are not in a proper condition, but 
th~ state of a cyanide solution is not so easily determined. Mr 
Bettel described a very interesting and accurate method for 
determining oxygen in cyanide solutions, but I hardly think the 
man on shift, about whom we heard so much recently, would be 
able to use that method. Perhaps even the amount of gaseous 
oxygen is not all that we want to know j these working solutions 
are complicated in composition.. Substances may probably be 
formed by th~ nascent hydrogen, evolved in the precipitation of 
gold on the zinc, or by the decomposition which the solution 
undergoes by the electric current, and these suhstances may 
subsequently absorb oxygen, thus retarding the solution of the 
gold. As all the experiments which I intend to describe this 
evening were carried out on the same sample of tailings, I will 
describe these tailings before proceeding any further. Mr W. A. 
Caldecott was kind enough to procure for me a·bout a hundred
weight of Bonanza tailings. These tailings, owing to their rich
ness in gold and the very small amount of cyanide which they 
decompose, are very suitable for a series of experiments on the 
comparative solvent power of various solutions of cyanide. These 
tailings were from pyritouR banket, and contained 2'7 per cent. 
bisulphide of iron, and a trace of copper nickel and cobalt j fine 
gold, 16 d wts. 12 grs. per short ton. I made a test of the fineness 
of the material, and found that on a sieve having-

30 holes to the linear inch 6'25 per cent. was caught. 
60 " "29'20,, " 
90 " "30'00,, " 

120 " ,,\:)'25 
" " 

and that 25'3 per cent .. passed through the 120-mesh sieve, or, in 
other words, one quarter of the tailings passed through a sieve 
having 14,400 holes to the square inch. This fine stuff assayed 
1 oz. 5 dwts. of gold per ton. 

I first tried four experiments on one kilogramme of tailings. I 
used two grammes of cyanide of potassium in each case, but the 
quantity of water was increased in each experiment. 
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Experiment 1.-1000 grammes of tailings moistened with 200 
C.c. 1 per cent. KOy solution. After twenty-four hours' 
standing in an open wide-mouthed bottle, then quickly 
washed through a.filter. Gold extracted SS'6 per cent. 

I may mention that in all my experiments I precipitated the whole 
of the gold in the solutions obtained with nitrate of silver, and 
weighed the gold as fine gold after fusing with flux and litharge, 
cupelling and parting. This method is very reliable, as the amount 
of gold extracted from 1000 grammes of tailings is more easily 
determined accurately by this method than by assaying the 
residues. 

Experiment 2.-400 C.c. of 0'5 pet· cent. KOy solution in a 
separating funnel, passing the solution several times through 
the "tailings, after twenty-four hours' treatment gave an 
extraction of 82'8 per cent. of goid. 

Experiment 3.-S00 C.c. of 0'25 per cent. KOy solution, under 
the same conditions, gave an extraction of SI'9 per cent. 

Experiment 4.-2000 C.c. of 0'10 per cent. KOy solution gave 
an extraction of 80'7 per cent. 

These experiments are instructive. In the first case we had 1000 
grammes of tailings merely moistened with cyanide, and the air had 
access to every part of the ore; it gave an abnormally high extrac
tion. The other experiments showed only a difference of 2'1 per 
cent. extraction between 0'5 per cent. solution and the 0'1 per cent. 
I then made two experiments, in which I followed the ordinary 
process of working, adding one gramme of caustic lime to the 1000 
grammes of tailings, and gave a three days' treatment, including 
washing. 

Experiment 1.-1000 C.c. of 0'075 KOy solution gave an extrac, 
tion of 88'6 pel' cent. 

Experiment 2.-Started with 300 C.c. of 0'3 per cent. KOy 
and 0'1 pel" cent. and· 0'05 per cent. then used gave an 
extraction of 87'9 per "cent. This difference is very slight, 
being in favour of the weaker solution. 

This ends the. first portion of my exp~riments on the Bonanza 
tailings. All these experiments had been carried out with common 
water charged with a normal quantity of oxygen. The results were 
intel'esting, and showed that under the proper conditions very weak 
solutions of cyanide are perfectly capable of extracting as much gold 
as stt'onger solutions in the same time. 

The next two experiments I made will perhaps be interesting to 
those who have to t.reat acid tailings and have to precipitate with 
zInc. 
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Experiment 1.-I took two grammes proto-sulphate of iron, 
oxidised it with nitric acid, evaporated off the excess of nitric 
acid, and added an excess of sulphuric acid, dihlted to 250 
C.c. This was poured on the tailings, in the separator, and 
then 250 C.c. 0'3 per cent. KCy added. The solution turned 
green, and then a blue precipitate was formed, and the liquid 
'was passed through the tailings again. The cyanide was 
completely decomposed. The solution was of a brown colour, 
but 53'2 per cent. of the gold had been dissolved. 

In the second experiment I used merely weak sulphuric acid in 
excess, and the same strength of cyanide as before. The 
gold dissolved amounted to 62 per cent. 

Mr Feldtmann, in his pamphlet, published !,ome time ago, alluded 
to the possibility of gold being dissolved in this way, and I thought 
that the amount actually dissolved in a given case would interest 
you. The importance of this reaction lies in the following fact
namely, if we were treating acid tailings with a very weak cyanide 
solution, the gold would be dissolved under certain circumstances, 
but not precipitated on the zinc; and it is quite conceivable that a 
certain amount of gold might be so dissolved without its becoming 
apparent to the man on shift, as layer~ in the vat might be rendered 
acid for a time, and then become alkaline again. But that would 
not change the auri-potassio-cyanide already formed into the auro
potassio-cyanide. Consequently the gold dissolved would not be 
precipitated in the zinc boxes. Of course there would be les8 
danger of this taking place if we were using a comparatively strong 
solution; perhapH this is why the st.ronger solution is recommended 
by those using, the zinc process. Having gone so far with my ex
periments, I thought it would be interesting to try the solvent power 
of working cyanide solutions taken before and after precipitation, 
both by the zinc and the electric processes. I have not had time to 
carry out many such experiments, but I bring a few forward this 
evening, hoping that it will induce others to more thoroughly in
vestigate this question, which is very important--namely, in what 
way does the solvent power of working solutions become affected by 
the treatment which these solutions undergo 1 Of 01le fact I have 
no doubt in my own mind-that is, that our working cyanide solu
tions do not dissolve the gold as readily as freshly-prepared solutions 
would do. I think this is one reason why we find that a longer 
treatment, and even a double treatment of tailings is necessary, 
which, if the working solutions were in a propel' condition, could 
be avoided. 

I am going to describe thoroughly the method I used for my com
parative tests. It is very simple, and could be carried out in, any 
ordinary assay office on the m,ines. By this means the cyanide 
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manager can be made cognisant of the solvent power of his solutions 
from time to time, 01' can make comparisons of solutions that have 
passed the zinc boxes or the .electric precipitating tanks. I use a 
wooden stand, on which can be placed two or more separating 
fnnneb. These vessel~ have a stop-cock, as you know, in the tube 
at the lower extremity, and a stopper at the upper end. The 
separator has a capacity of about 1300 c.c. The hole is plugged 
with some porous cloth, resting on a piece of pumicestone. I put 
in 1000 grammes of dry tailings containing a known amount of 
gold. Hich tailings are preferable, as a small difference in the ex
traction shows up better. I then wash these tailings with about a 
litre of cold water, which has recently been boiled. Then I pour in 
a litre of solution to be. tested. All the water is forced out in front 
of the solnt,ion Vel'y quickly, as I use a small air-pump. I do not 
allow the solution. to percolate after once filling the funnel; the 
separating funnel must be full to the top. When I used 0'1· per 
cent. KOy in ordinary water, with its normal contents of oxygen, I 
obtained an extraction, in twenty-four hOllrs' contact, of 73 per ceut. 
of the gold contained in the tailings expel-imented on. I may say that 
I wash out the tailings, using suction, in less than ten minutes; should 
a long time be taken· in washing, gold would be dissolved, and th liS 

vitiate the results fol' the purposes of comparison. 
I will now give you the resnlt of some experiments on working 

solutions, which solutions I obtained from various mines. I took 
special care that no more air had access to the solution than pos-
8ible, as I wanted to know the exact solvent value for purposes of 
comparif;on. Two bottles from the Jumpers Gold Mining Oompany's 
cyanide works, using the zinc pl'ocess, were examined. The solution 
before entering the zinc boxes contained KOy 0'073 per cent.; gold, 
5 lllilligramllles per litre. It was made up to 0'1 per cent. KOy. 
It extracted 60'6 pel' cent. gold fl'Olll the tailings tested.· The 
solution after passing the zinc boxes contained KOy 0-070 per cent.; 
gold, 0'4 milligrammes per litre. It was made up to 0'1 per cent. 
KOy as before. This solution only extracted 46'S per cent. of the 
gold under the same conditions. In all these experiments I had to 
determine the gold in solution, in order to deduct it from that 
obtained after treatment, so as to get at the amount taken up from 
the tailings. 

I then tried two bottles of solution from the Bonanza Gold 
Mining Oompany's cyanide works, where the Siemens and Halske 
process is used. Solution before entering precipitating tanks-KOy, 
0'09 per cent.; gold, 17 milligrammes per litre. Made up to 0'10 
per cent. KOy. This solution gave an extraction of 65'6 per cent. 
gold. Solution after passing through precipitation tanks-KOy, 
0'09 per eent.; gold, 6'2 milligrammes per litre. Made up to 0'10 
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per cent. KCy. This solution gave an extraction of 67 per cent. 
gold. In this case the extraction was rather higher after passing 
the precipitation tank, but the precipitation of the gold had been 
incomplete. 

I then tried two bottles of working solution from the Pam'l 
Central Cyanide Works, where the zinc precipitation is used. The 
precipitation of the gold had been complete--not a trace was found 
in the flolution leaving the boxes; but these solutions gave a very 
poor extraction of gold from the tailings treated. The one before 
entering the boxes gave an extraction of 29'4 pel' cent. The one 
taken after precipitation showed 28 per cent. The above experi
ments would tend to show that the zinc precipitation was more 
injurious to the solvent property of the cyanide than the Siemens 
and Halske process. But'I should not like to say that such is the 
case unless I had tried a great many more experiments, as the next 
two bottles of solution, also from the Bonanza Cyanide 'Vol'ks, gave 
different results from the fir'st two I experimented on. The solution 
before entering the tlLnks contained 57'S milligrammes of gold per 
litre; after leaving, only 0'7 milligl'ammes-a very good precipita
tion. Both solutions were made up to 0'10 per cent. KCy, and the 
first gave 40'8 pel' cent. extraction, and the second 40 pel' cent.
no marked difference, though the first solution was comparatively 
rich in gold. It is only by carefully noting every minute fact in 
connection with the cyanide process that any improvements can be 
attained. I think that it is quite possible that the time of treat
ment will bp, considerably reduced in the future, and that will only 
be possible if our working solutions are kept at the highest state of 
effecti veness. 

Some of you may object that in these experiments with working 
solutions I used water freed from oxygen by boiling to wash the 
tailings into a compact mass. Well, my reason for so doing was 
that I wanted, as far as possible, to find out the real capability of the 
solutions under examination for dissolving gold; and on a working 
scale I do not believe that the cyanide solution has much chance of 
getting saturated to the full extent with this element. I do not 
want to claim the ~lightest credit for bringing forward the import
ance of having sufficient oxygen in these solutions, but its deficiency 
in working solutions has never, to my knowledge, been made public. 

You will perhaps remember that last year Dr Loevy and myself 
read some notes about the presence of alkaline sulphides in com
mercial cyanide of potassium. I stated that I considered it injurious, 
and at a subsequent meeting Mr Bettel tried to' prove by figures that 
a 'small percentage of alkaline sulphide was' practically harmless. 
N ow, I say again that in solutions containing only a very small 
quantity of available oxygen any substance is injurious which will 
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take away some of that ~mall amount. Finely-divided metallic iron 
would be injurious. I made two experiments with some Paarl 
Central solutions-

No. I.-Before entering the zinc boxes. 
No. 2.-After passing through. 

These solutions contained 0'12 per cent. KCy. I added sulphide 
of potash equal to only 1-120thpal·t of the weight of cyanide
certainly not a large quantity-and I obtained an extraction of gold 
from the Bonanza tailings of 20 per ·cent. for No.1 and 16 per 
cent. for No.2, showing the extremely deleterious effect of a f'ub
stance capable of removing oxygen. The conditions of these ex
periments were the same as those before mentioned. I also think 
that in neutral ising tailings or ores containing ferroso-ferric-sulphate 
with alkali the ferroso-ferric-hydrate so formed has a retarding 
action on the solution of gold. I tried an experiment on some of 
the Bonanza tailings, in which I precipitated, with an excess of 
caustic soda, Rome ferroso-ferric-hydrate, and then treated the tail
ings with 0'2 per cent. solution. I only obtained an extraction of 
49 per cent. of the gold, though the solution was made with fresh 
water. I do not think that the exact amount of oxygen required 
can be explained even by the well-known or generally accepted 
equation of Elsner. I found, for instance, that a ribbon of gold 
containing 13 per cent. of silver (to imitate our native gold) lost per 
square centimetre per twenty-four hours, in a 0'6 per cent .. solution 
of KCy, 0'4 milligrammes in ordinary water, 2'0 milligrammes when 
air was passing through, 3'2 milligrammes with oxygen. How are 
we to explain this: I considered that it would be interesting to try 
the effect of increasing the amount of oxygen in two of the working 
solutions which had given such poor extractions. I used the solu
tion from the Jumpers Gold Mining Company which had passed 
the zinc boxes. It had originally given an extraction of 46'S per 
cent. I let it stand in a bottle, only one-third full, and shook it 
up every day for a fortnight-letting in fresh air occasionally. I 
then brought up the strength of the solution to 0·1 per cent. KCy. 
I only obtained an extraction (in the method before degcribed) of 
55 per cent. of gold, showing that these solutions do not readily 
absorb oxygen. I then tried the Paarl Central solution which had 
passed the zinc boxes. I added a very small quantity of a certain 
oxidising agent, but no fresh cyanide, and, under the same condi
tions as above, I obtained an extraction of 91 per cent. of the gold 
from the Bonanza tailings. This solution, before being oxidised, had 
only given a 28 per cent. extraction. 

There is one thing I should like to bring to the notice of those 
working acid tailings and ·using zinc precipitation-namely, the 
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necessity. of testing their solutions from time to time as to the 
presence of auri-potassio-cyanide. I would propose that they take 
a Winchester quart of solution, determine carefully the total gold 
in one litre by the nitrate of silver process, then allow a second 
litre to stand for some considerable time in contact with a large 
excess of zinc shavings in a separating funnel, with the usual 
cloth plug. Then wash through, and determine the un precipitated 
gold by the nitrate of silver method, as the nitrate of silver pre
.cipitates the auri-potassio-cyanide as completely as the auro
potassio-salt. If the sollltion in contact with the zinc does not con
tain enough cyanide, it may be advantageous to add two or three 
grammes of cyanide. 

These experiments which I have described will, I hope, have 
proved the importance of closely watching every detail in working 
the cyanide process; and, if we could treat the tailings in the most 
favourable mechanical state of division with active working solutions, 
we should double the effective capacity of our cyanide plants on 
these fields, and at the same time increase the percentage of gold 
extracted. There is a good deal more to say on this subject, and 
I hope to return to it at some future time. Should any of you 
repeat my experiments, do not forget to imitate as nearly a!l possible 
the conditions existing in the tanks, or yon may be mi1?led, like 
MacArthur, who obtained an extraction of gold without oxygen in 
experimenting on some ore. 

I consider the solvent efficiency of our working solutions one of 
the most important points in the cyanide process-second only to 
the question of precipitation. 

Mr J. R. Williams, whilst thanking Mr Crosse for the very 
valuable paper he had just read, on which he mnst have spent a 
good deal of time, and which had proved most interesting, remarked 
that the tests did not throw very much light on the subject, and 
that active working did not bear out Mr Crosse's experiments. 
Experiments made at the Wolhuter some time ago showed that the 
game was not worth the candle. They got as good results without 
adding oxygen as with it. 

The Chairman said he could corroborate what Mr Williams had 
said from some experiments made at the Robinson. He tried a 
good llIany oxidising agents, and came to the conclusion that for 
tailings the'llse of oxidising agents was not called for, because they 
got just as high an extraction without them as with them. He 
thought Mr Butters' remarks explained the thing. He said it took 
the greater part of three days to get the gold ont when it was dis
solved. He had made experiments, and added a certain amount of 
gold solution. It took nearly three days to get the last traces of 
soluble gold out. It took three days to wash out the gold already 
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dissolved. If it took three days to wash out the soluble gold, all 
that time they were dissolving gold with their solution, and it did 
not matter whether they had a perfect solution or a very imperfect 
solution, if they got the gold dissolved within twenty-four hours, it 
still took all that time to wash it out. If it took them two or two 
and a half days to get the gold dissolved, it was being washed out all 
the same. Although there might be a little difference in these 
solutions, he did not think on a large scale they would find the 
result to be what they might be led to expect from the paper. Mr 
Caldecott made some experiments, and got just as good results with 
a very weak solution as with a strong solution. In his own experi
ments he found that a strong solution gave a higher extraction of 
gold. It dissolved the gold quicker than the weaker solution, but 
he thought that in the time Mr Caldecott gave for the experiment 
the weak solution was continually dissolving. the gold, so that at 
the end of the time it had practically done as much work as the 
other solution. He agreed' with Mr Crosse that this was a matter 
which required going iuto very fully; but whether they found that 
the laboratory experimeuts were not of much value, or were of 
value, would be determined by experience. 

The further discussion on this paper was postponed until next 
meeting. 

Owing to the absence of Mr Caldecott, the Chairman intimated 
that the discussion on his paper, read at the last meeting, on "The 
Relative Efficiency of Strong and Weak Solutions for Dissolving 
Gold," was also held over. F01' a similar reason, the continued 
discussion on Mr Yates' paper on "Zinc v. Electrical Precipita
tion," was also held over. 

This concluded the business of the meeting. 
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XXIX 

THE ordinary monthly meeting was held on Saturday evening, 
January 16th, 1897, in the Council Chamber of the Chamber of 
Mines building, for the purpose of completing the discussions upon 

Mr Crosse's paper (read at last meeting) on " Some Studies of 
Solvent Powers of Cyanide Solutions." 

Mr Caldecott's paper (read at the November meeting) on "The 
Relative Efficiency of Strong and Weak Solutions for 
Dissolving Gold," and 

Mr Yates's paper on " Zinc v. Electrical Precipitation," 

in order to include the reports of these criticisms in the volume of 
the Society's proceedings for last year. There were present:
Members-Messrs W. Bettel, Vice-President (Chairman), A. F. 
Crosse, D. E. Powrie, A. H. Hartley, S. J. Speak, H. T. Durant, 
E. H. Johnson, J. Yates, S. J. Remnant, F. C. Pengilly, A. 
McNaughtan, J. R. -Williams, W. A. Caldecott, P. T. B. Morrisby, 
R. A. Alston, A. W. Ablett, F. Buckland, and J. Pearce. 
Visitors-Messrs H. Evans, D. S. Stewart, C. F. Siegert, and three 
others. 

The first business was a ballot for membership, resulting in the 
election of Messrs H. Evans and John "\Vatson. 

The Chairman calling for discussion upon Mr Crosse's paper, 

SOME STUDIES OF SOLVENT POWERS OF CYANIDE 
SOLlJ.TIONS 

Mr J. Yates said-Mr Chairman and Gentlemen, I have little 
to say on Mr Crosse's paper. Like Mr Bettel and Mr WiJIiams, I 
find much in it which practice disproves, and, as I naturally prefer 
to take practice for my criterion rather than laboratory experiments,. 
with their attendant unnatuml conditions and errors, I refrain from 
criticising the paper as a whole, and limit my remarks to one or two 
points of interest. In the first place, I am at a loss to know how he 
arrives at some of his conclusions. For instance, he performed two 
series of experiments, and found in the first set that a 1 per cent. 
cyanide solution gave 88'6 per cent. extraction, and a'J per cent. 
an 80'7 per cent. extraction j whilst in the second series he obtained 
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88'6 per cent. with a '075 per cent. solution, and 87 '9 per cent: 
with a combination of '3, '1, and '05 per cent. solutions. He then 
proceeds to state, on these results, that "under the proper condi
tions very weak solutions of cyanide are perfectly capablll of ex
tracting as much gold as stronger solutions in the same time," 
Some little explanation is required here, and also on the conditions 
under which the second series of experiments were calTied out. In 
experiment No.1 was the '075 per cent. solution in contact with 
the tailings during the whole three days, ant! in experiment No.2 
-supposed to be a strong solution test-what fraction of the three 
days was occupied by the contact of the '3, 'I, and '05 per cent. 
solutions respectively, this last solution being even weaker than that 
used in the first experiment ~ The conditions in the two experi
ments are not the same, and I fail to see the justification for his 
deduction even in respect to this particular ore and this particular 
laboratory experiment. Touching the samples of solutions obtained 
by Mr Crosse from the Jumpers Company, the Bonanza Company, 
and the Paarl Central Company, I would call atten,tion to the fact 
that they show zinc very favourably as a precipitant; whilst, re
garding his experiments on the relative efficiency of the solutions as 
80lving agents before and after precipitation, they are very contra
dictory, and such as not to warrant the conclusions which M1' 
Crosse appears to aim at being drawn. I think it is well to poiut 
out, in conclusion, how delusive laboratory experiments frequently 
are, and, as an instance illustrative of this, I point to the use of the 
oxidising agents which Mr Crosse refers to; in the laboratory they 
are very promising, but in practice they are sadly disappointing. 

Mr John R. Williams stated that, as he had not received a copy 
of Mr Crosse's paper, he hat! been unable to reply in full with the 
care called for by the subject. In pointing out that, although 
oxidi~ing agents when used in the laboratory always gave good 
results, but when used in practice he had never been able to get any 
quicker 01' better ex;traction by their use, he wished to draw their 
attention to a very simple experiment, which went to prove that, 
even if the solution was quite free from oxygen, it was possible to 
get a gooq extraction. A 10 dwts. tailings was used in both ex
periments; in A the solution was made of fresh rain water, in B 
the solution was boiled, so that there could be no trace of free 
oxygen. [Note.-In experiment A the fnnnel in which the tailings 
were leached had a short discharge neck, so that the solution passed 
immediately ,into the vessel representing the precipitation vat of 
practice. In experiment B the funnel in which the tailings were 
leached communicated with its discharge outlet by a vertical tube 
10 feet in length.] Now, it was very noticeable that on putting on 
second solution and washes in A there was no bubbling, whereas in 
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B the bubbling was very free; the long tube had caused a suction, 
and the interstices between in particles of tailings had quite enough 
oxygen for the solution of the gold. In these experiments a higher 
extraction was obtained by 7 i to 10 per cent. in the solution con-
taining no free oxygen. _ 

Mr W. Bettel said-Gentlemen, Mr Crosse mentioned my name 
in a manner which implied that he placed little reliance upon 
theoretical conclusions. Now, strange as it may seem to him, 
soluble sulphides have the property during the tailings lixiviation 
of being converted into sulphates and sulpho-cyanides, neither of 
which absorb oxygen from solution. The statement that sulphides 
(when present) 1'etardthe solution.of gold in cyanide no one more freely 
agrees with than myself, because I know it to be true; but a truth 
in a laboratory experiment may be an untruth in practice on a 
large scale, and I am of opinion that the scare created some time 
ago about sulphides in cyanide was the result of grossly exagger
ated opinions as to the results of the action of minute quantities of 
sulphides in working cyanide solutions. I have already mentioned 
my opinion about oxidising agents in cyanide solutions upon tail
ings. On concentrates (containing coarse gold), where it is difficult 
to intl'oduce sufficient oxygen in the ordinary way, I got splendid 
results with peroxide of sodium, In the early part of 1893 I 
obtained a 98 per cent. extraction from 4-oz, concentrate~ (Robinson) 
by using an excess of peroxide of sodium in a cyanide solution, 
after previously using an acid wash to remove basic salts, followed 
by water and alkaline washes, with a cyanide consumption of 2'09 
lbs. per ton of concentrates in four days. (The peroxide did not 
oxidise the cyanide to cyanate, as many people suppose.) The 
expense of using such an excess of peroxide, however, renders the 
process impracticable commercially. With regard to the method 
Mr Crosse proposes for estimation of gold present as auri-cyanide 
in cyanide solutions, which he says is left un precipitated by zinc, I 
have only one objection to offer, and that is vital. The gold is 
precipitated by zinc, and rapidly too. I will now show you by 
experiment the action of clean zinc on auri-cyanide of potassium, 
prepared by dissolving pure auric oxide, in the cold, in pure 
potassium cyanide solution. 

Experiment was here shown, with the result of rapid deposition 
of the gold. 

Mr Crosse then replied, stating that' he would have liked to 
answer Mr Yates in detail, but could not do so without receiving 
his criticism in written form, and referring to his own notes in 
replying. He deprecated the tone taken by the majority of his 
critics towards laboratory experiments, as it was inevitable that 
experiment should pioneer the road for practice; and if ninety-nine 
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experimentf! out of a hundred failed, and the hundredth succeeded 
in establishing some new fact, the whole hundred had been of use. 
His experiments were chiefly carried on with the view of finding 
out the solvent power of various cyanide solutions, more especially 
working solutions, and were made in such a way that the various 
results would give a comparative value as compared 'with each 
other and fresh solutions. Oxidising agents were largely used in 
the United States, and, as it was quite impossible to ignore the 
practice, the matter was distinctly worth wliile looking into. The 
present method of packing tailings into vats was mechanically 
faulty. He was of opinion tha,t, if the tailings were less tightly 
packed, and stronger solutions were used, there would be a saving 
of time in leaching, and seven days might be reduced to foul' days
though there was no possibility of reducing the period to one day. 

The remarks on Mr Caldecott's paper were then made. 
1\'11' Yates said,--,-1\'1r Chairman and gentlemen, Mr Caldecott's 

figures, giving the extractions obtained with various strengths of 
solutions on the same tailings, are of some interest, showing, as. 
they do, that on at least one batch of tailings a '05 per cent. solu
tion has given an extraction equal to a 4 per cent. solution in' a 
given time. I would point out, however, that it is to be regretted 
that Mr Caldecott did not attempt to ascertain the actual time 
required by the stronger solutions to achieve the extractions 
shown; they doubtless completed their work in a fraction of the 
time given, which is a consideration of great economic importance. 
I may agree with him i;o looking upon the Jumpers Company, 
which produced these tailings, as a typical Rand mine, but I 
would ask if he considers the tailings he treated also typical of 
the Rand. The gist of 1\'1r Caldecott's paper is that we should 
proportion our cyanide to the oxygen present in the solutions, and 
that, as a cyanide solution of '0138 per cent. strength satisfies the 
condition, the need for having more residual cyanide than this 
present is not apparent to him. In labouring at the theoretical 
aspect of his subject, 1\'11' Caldecott has apparently lost ~ight of the 
practical side of the question. To work on lines which satisfy 
theory is, I admit, not without its fascination; but there is much 
more solid pleasure in conforming to lines which satisfy our 
pockets. Assuming, for the sake of argument, that a '0138 per 
cent. solution in the absence of cyanicides will give the desired 
extraction, what is there to be gained by the use of such a solution 
to counterbalance the huge plant and the heavy charges which 
would attend its use. I believe I am correct in assuming. that one 
of the aims of our mines is to make as much profit as possible, and 
they are quite willing to follow science and theory so long as 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
)



Remarks on Mr Caldecott's Paper 337 

contribute to this end and agree with practice. When, however, 
theory and practice part, they prefer. to follow the latter, and, as in 
the case of cyanide solutions, practice has so far demonstrated that 
solutions varying from about '2 per cent. to '4 per cent. possess the 
greatest economic value, our managers are not likely to displace 
these by '01 per cent. solutions just for the love of science. 

Mr Caldecott, in reply, said that he agreed with Mr Bettel in his 
remarks at the last meeting as to its being probable that one or 
other of the solutions used in his experiments may have effected 
solution of the gold in less time than the rest; but under the con
ditions obtaining in his experiments, this was a point that could 
not be ascertained. With regard to the practical side of the ques
tion, it might be pointed out that with the weakest solution used 
('052 per cent.) the gold was actually dissolved and washed out in 
less than four days. The imaginary huge plant, would, therefore, 
not be required in such a case, and, as regards work done under 
more unfavourable conditions-i.e. as regards rate of leaching, just 
as much time would be required to wash out the gold dissolved by 
strong solutions as by weak Ones. 

Mr 'Williams, though ont of order, replied, not so much to Mr 
Caldecott-with whom he thoroughly agreed-but to Mr Yates. 
He quoted an experience of his own on Geldenhuis in confirmation, 
in which the time was not taken in dissolving the gold, but in 
washing out the gold solution. 

Mr Bettel asked if gold in Geldenhuis Deep tailings was not very 
finely divided. 

Mr Williams replied that that was so, and he had always 
observed the same at the Crown Reef. 

In reply to Mr Yates' paper, 
Mr G. T. M. McBride eaid-Mr Chairman and Gentlemen, Mr 

Pead, in his valuable contribution to this discussion, asked some 
details of my estimated cost of smelting gold slimes from the zinc 
precipitation. I have pleasure in giving, in reply, the following 
details on which I made the statement of 2d per oz. fine gold. At 
a clean-up giving 718 ozs. bullion, of the assay value of 807 fine 
gold, equal to 580 ozs. fine gold, the costs were as follows :-

Borax '" £1 5 0 
Soda 0 6 7 
Fluor-spar... 0 5 6 
Nitre 0 2 6 
Pots 1 1 3 
Coal 1 16 0 
Labour 1 2 8 

£5 19 6 = 2'26 d. per oz. fine gold. 
y 
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At another clean-up giving 1030 ozs. fine gold, the costs, worked 
on the same details, were 1'7 d. per oz. fine gold. I was therefore a 
fraction within the mark in saying 2d. per oz. I quite agree with 
Mr Pead when he remarks that the costs will vary considerably, 
according to the quantity and quality of the gold slimes. With 
reference to Mr von Gernet's statement that "the plant capacity 
of the May Consolidated was considerably in excess of that stated 
by me," I beg to say that my figures were taken from a public 
report of that Company. It matterR not whether the Company 
have accumulated tailings to treat or not. The Company reports it 
as a 12,000 tons per month plant. A 12,000 tons plant is not 
usually required for 100-stamp mill; and in practice the May Com
pany, though taking from the accumulated supply, only treat about 
9000 tons per month. Mr von Gernet asserts that in the zinc 
process '3, per cent. Key is used for the simple reason that with 
weaker solutions the zinc would fail to precipitate the gold. Where 
such a strong solution is used it is for other reasons, and not that 
one. The principal of those is the short time allowed in certain 
plantfl for dissolving the gold from the tailings, the capacity of 
the zinc boxes being so limited that the cyanide manager is forced 
to rush the solutions rather rapidly through the boxes. At the 
New Pl'iLUro..~e Works sixty hours' treatment can only be given, and 
the manager there reckons that he would have to double his plant 
if he adopted the electrical process. I beg to differ from Mr Bettel 
on the question of the initial costs, costs of refining, etc., being left 
to financial men to fight. Weare discussing the matter not only 
as chemists, but also as metallurgists, and to arrive at a true com
mercial-or, I might say, metallurgical-value of both processes 
these costs must necessarily be considered. Since last meeting I 
am still more convinced that I did not lay "undue stress" (as re
marked by Mr von Gernet) on the extra cost of a plant for the 
electrical process. A solid fact is better than a thousand theories, 
both in regard to incidental as well as total working costs. For my 
part, I am open to conviction, but I want to get at the truth, and 
I therefore seek facts. I can produce further proof of a plant just 
lately erected, where the depo~iting boxes and dynamo cost more in 
proportion to the number of stamps or capaCity than the instance 
mentioned at a previous meeting by me. I need not, however, give 
details, as my previous figures have not been controverted. It is 
on such facts I prefer to base my calculations and arrive at my con
clusions. With regard to the comparison of working costs of the two 
processes, it has been said that it is unfair to arrive at any conclusions 
owing to the differences in capacity and the mechanical unsimilarity 
of each plant. While I agree with this view, I still think that those 
who· make necessary allowances for these can come to a pretty 
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accurate judgment. I should like to point out another difficulty 
in this connection, and that is the many and varied systems of 
mine accountancy. For instance, in the data given by Mr Bettel, 
the Ferreira Company's cyanide costs for white labour are from 
8·Old. to lO·34d. per ton of tailings treated, while the cost on the 
May Consolidated is only stated as 3·4d. per ton. Now, tliose who 
know anything about the ,vorking of the two processes, will agree 
with me that there is little or no difference' between them in ,this 
item. My attention was drawn some months ago, when the May 
Consolidated issued their last annual report. There I noticed a 
separate account for" lighting," and another for" general salaries," 
while on many other mines a proportion of "lighting" and such 
items as secretarial and general manager's salaries is debited to each 
department. While on this subject I should like, in conclusion, to 
remark that some companies seem to charge a department with a 
large item of expenditure when it is paid for instead of distributing 
it over a certain number of months. I' presume this must be the 
case with regard to the cost of iron for the May Company's works, 
for I see no charge for this in the three months reported by Mr 
Bettel, neither do I notice any charge for refining in October. 

)1r Bettel said-Gentlemen, it was my intention, before sum
marising the relative merits of the' zinc and electrical methods of 
precipitation, to give you a "Review of modern cyanide plants," 
illustrated by photographs, but as your council has decided that the 
discussion on Mr Yates' paper must be closed to-night, I have no 
option but to give you my own views upon the matters at issue, and 
will endeavour at a future meeting to lay before you the informa
tion I propose to collect under the title just given. I will therefore 
state what, in my opinion, are the advantages arid disadvantages of 
the rival processes. 

TilE SIEMENS-IlALSKE PROCESS 

The principal advantages claimed for this process are-
1. \Yeak solutions of cyanide are used with a corresponding 

decrease in the consumption of cyanide over the zinc 
process. 

This I readily admit. The saving over the zinc process amounts 
to about ~-lb. of cyanide per ton of tailings (or 3~d. per ton of 
t'ailings). ' 

2. A greater yield of gold per ton of 'tailings is claimed by the 
use of the eleCtrical 'process. 

I do not think this claim has been substantiated., 
3. The process is asserted to be the only one which can be 

checked in'a systematic manner as to'the extraction of gold 
from tailings, etc. 
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If this claim refers to the electrical process against the zinc 
process worked in a slovenly manner, I admit that the electrical 
process is immeasurably superior to the zinc process when badly 
worked, but on comparing modern plants, where every care is taken 
to prevent losses of gold, I am very much inclined to dispute the 
assertion, having made some careful trials of collecting and working 
slimes, the results of which I will detail later on. 

4. The solutions for passing through the precipitation box may be 
(in the electrical process) either acid, alkaline, or neutral. 

I do not think much of this claim, for with ordinary care and 
ordinary tailings, "acid" or "neutral" solutions never enter the 
" zinc" extractor-boxes. Besides, with fresh tailings as they come 
from the settling V:1ts, the acidity of the tailings (as proved by the 
small consumption of cyanide-for instance at the Robinson, Glen
cairn, Geldenhuis Deep, etc., etc.) is very slight. 

5. The process is the only one which has been in successful use 
on a large scale for treatment of weak solutions which the 
zinc process is not adapted for. 

This I also admit; but it does not follow that the Siemens
Halske process will always have the monopoly of such work, as they 
can only claim their special method of using electricity and not 
electricity itself. Another combination giving greater cathode area 
may give better results than the Siemens-Halske method, even with 
Mr von Gernet's improvements. 

6. The clean-up is-as a metallurgical method-clean, neat, and, 
in the hands of an expert, capable of giving results which 
closely approximate to theory. 

J am prepared to admit that the process of cupellation for the 
recovery of the gold from the coated lead is eminently scientific, 
and one which (apart from financial considerations) I would prefer 
to adopt, and, having had seven years' practical experience of cupel
lation in connection with smelting and refining, I am entitled to 
speak with some degree of authority on the subject. The losses in 
cupellation are-

1. In litharge, greater in proportion to the percentl1ge of copper 
in the lead under cupellation: (a) As gold oxide; (b) As 
gold in shots of lead bullion carried over by the lithal'ge 
mechanically. 

The loss for clean lead may, with careful working, not exceed 
3 ozs. per ton of original lead. 

2. By absorption in the cupel, principally in cracks. Loss 
variable._ 

3. By volatilisation. 
During "finishing," the loss of gold is considerable, but in 

large wOI·ks this would be recovered in _the fume if caught by 
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say the "flannel-bag" or Lewis-Bartlett process. Loss variable, 
according to the time of ~xposure of the fine or nearly fine metal 
to a high temperature; variations from ·1 to ·25 per 1000 of bullion. 
A loss, prior to cupellation, is in the skimmings, hut the gold in 
this product is purchased by the Rand Oentral Ore Reduction Oom
pany at fixed rates, the other losses of gold in bye-products-e.g. 
litharge, test and fume-being borne by the companies producing 
the lead bullion. 

Attempts have been made to prove that weak solutions dis
solve gold (as it exists in tailings) as quickly or more quickly 
than the stronger solutions used by the rival process, but I 
am confident that I echo the opinion of the great majority of 
cyanide men wh~n I say that this contention, aB applied to the 
treatment of ores or tailings on a large ~cale, has not been proved, 
and i~ in reality not an accurate statement of facts. At some future 
time I will go fully into this matter. In my experience, I'ltrong 
solutions ("15 to ·35 per cent: KCy) dissolve the gold from tailing:; 
in much less time than solutions of ·02 to ·10 per cent. If the 
Primrose Gold Mining Company had to use the Siemens-Halske 
process, the plant would have to be almost doubled to obtain the 
present extraction. Besides, an 80 per cent. extraction on a 
14 dwt. material cannot be compared with an 80 per cent. extrac
tion on a 2i dwt. proposition. I refer to the Bonanza and the 
Geldenhnis Estate extractions. This brings me to the disadvan
tages of the process, and they are-

1. A larger plant is needed than for the zinc process, without 
commensurate return, by higher extraction, etc. 

2. Companies have to get their lead bullion cupelled at a centml 
works, or sell to a customs works having no competitor on 
the Rand. 

3. The cost of lead and iron is highel· per ton of tailings treated 
than the zinc used in the rival process (in the modern 
works). 

4. (Which is no fault of the process) the royalty to be paid for 
the use of the electrical process is greater than the saving 
by use of weak solutions. 

5. In spite of the elegance of the cupellation process, the cost of 
clean-up is greater than the zinc process, properly worked. 

'l'lIti: ZINC PHOCESS 

This method is, to many of us, an old and tried friend. To 
others it is a messy, dirty process, and amongst these are the people 
who conduct the process in a slovenly and dirty manner, who are 
unused to filter-press clean-ups, who do not know how to l'egulate 
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the precipitation and cope with difficulties, whose gold-slimes are 
low (very low) in gold, and who lose gold in every operation thtly 
undertake. These are the operators who get 50 per cent. extrac
tions, who have unaccountable losses of gold, who have dirty and 
rich slags (and lots of them), who" feed" their pots and often get 
a " boil-ovet·," and whose ashes have to be panned and the tailings 
sent to the.mill for further treatment. Need I go on ~ The zinc 
process is justly regarded as a simple process (as metallurgical pro
cesses go), and in many cases operators, withont It suitable trainin~, 
have been deemed competent to conduct this process. As I have 
before remarked, a skilled workman from home, accustomed to deal 
with material rich in gold and silver, would be perfectly horrified at 
observing the loose manner in which gold is thrown about as so 
much sand. Mr Butters has pointed out how in some of these 
works the sweepings and waste are not collected, and yet they are 
of higher value than concentrates, of which so much care is taken. 
In the interests of shareholders it is time that such loose working 
should cease. Be it far from me to speak of such works in the 
same breath as that I use for the consideration of the modern and 
well-conducted cyanide works, where the clean-ups, whether by 
filter-presses or without, and every other operation is conducted in 
a conscientious mallner and with a full knowledge that every grain 
of gold lost, per ton of tailings treated, represents a sum exceedin,!!; 
the operator's salary. These works are fair rivals of the electrical 
process, and I venture to say that fOI' profit-eal'lling they will hold 
their own against any other works 'using a rival process. The dis
advantage of the zinc precipitation process-that only alkaline 
solutions may be llsed-I have dealt with. That at present gold 
has to be precipitated from very weak solutions by electricity is 
another fact which admits of no dispute. An electrical process, 
however, can be worked by the same staff, under the same manager 
who supervises the old method, using zinc precipitation. 

Zinc Gold Slags.-As much less slag is formed in modem work
ing than bye-products from th\l cupellation process, and as a gooll 
price is obtainable for the gold contents, I do not consider thi-; 
disadvantage great. 

Loss in Roasting.-This depends entirely upon the operatol·. I 
haNe proved by experiments, carefully conducted at the Primrose, 
that the loss in roasting and subsequent handling need not be more 
than '01 per cent" and should not exceed '025 per cent. (i oz. per 
1000). I have further shown that there is absolutely no loss in 
melting, properly conducted, and that there is no necessity for gold 
~0 be present in the furnace a;;hes. It is the fashion jnst now for 
managers and others to decry the employment of consulting metal
lurgists, but the services of the scientist (who is also a practical 
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man) are often of great value. Should the works to which I have 
alluded in general terms employ and act upon scientific advice, 
I feel confident we should not h~ar so much about the superiority 
of the Siemens-Halske process f!"Om a financial standpoint. 

Mr Williams said he would like to make a few remarks in justice 
to his friend, Mr von Gernet, who, he regretted to say, through ill
ness, was not able to be present. Firstly, he would take Mr 
McBride's criticisms on Mr von Gernet's estimate of size of plant, 
and show by figures that a 100-stamp mill was capable of and did 
yield 12,000 tons of leachable tailings. He thought M:r Bettel at 
fault in stating that the mines were under a disadvantage in having 
to sell their lead bullion to the Central vVorks, as there was no com
petition. This was not correct, as the mines had England, Germany, 
and the whole world, and only sold to the Rand Oentral because 
they got a better price. He would ask-what about the sale of 
cyanide bullion from the zinc method'! Did M1' Bettel forget the 
great disadvantage in having to sell to the refiners, who made the 
fineness of the bullion anything they liked-they (the mines) having 
no right to settle produce on arbitration-and then took off up to 
~ per cent. of the total gold; this, at least, left something to be 
desired. He would further point out that any losses that there 
might be in cupeUation was not necessarily borne by the mines 
using the Siemens and Halske method, as the Rand Central paid by 
assay value at the rate of £4, 3s. 6d. per oz. of gold, 2s. 6d. per oz. 
of silver, and £5 per ton for the lead, and here at least the mines 
could settle the produce, and, if not satisfied, call in arbitration. 

]1.1[1' Orosse corrected Mr Williams as to the charges by Johnson, 
Matthey, & 00. The London gold dealers take off two parts pel' 
thousand from the assay found for gold over 800 per mille fine, 
three parts for over 700, four parts for over 600, and for gold under 
500 per mille five milIiemeH or f per cent. is deducted; this if for 
gold obtained by the zinc precipitation process. Mr Orosse believed 
that much gold was lost in volatilising zinc. What are the facts 
and figures ~ 

Mr Bettel-The volatilisation of gold and silver in distillation of 
" zillc" crusts obtained in the Parkes process of lead" desilverisa
tion " has been studied, with the result that a comparatively small 
proportion of precious metals is carried over during volatilisation 
of the zinc. 

Mr Williams-If Mr Bettel puts a cover on a pot and does 
not hermetically seal it, I think the following reaction will and 
does take place between the zinc oxide and the carbon in the pot 
= ZnO + C = Zn + CO; the zino will be mixed with the gold. It is 
very noticeable that both pot covers and covers of furnaces, flues, 
etc., contain a deposit from volatilisation of zinc which is coloured with 
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purple of Cassius, which, I think, shows that it is impossible to 
smelt gold and zinc without a loss. 

Mr Bettel-In smelting zinc slimes, if the surface were not 
covered, "convection air currents" might and did cause losses of 
gold by "dusting" if the cover of the pot were removed; but, so far 
as a properly conducted smelting of roasted zinc slimes was con
cerned, no reduction of zinc oxide took place, as the zinc was present 
as silicates and borates, and these were not reduced by the plumbago 
of the pots, and therefore he adhered to the statement that there 
need be absolutely no loss of gold by volatilisation during smelting 
of gold slimes. If free zinc oxide were present, in the melted mass, 
this showed bad "fluxing." 

Mr Caldecott quoted page 75 Louis's" Handbook of Gold Milling," 
where i.t is stated that when gold and zinc are melted together in a 
crucible, a large percentage of the gold is volatiliRed. 

In reply to the criticism on his paper. 
1\1.1' Yates said-Mr Chairman and Gentlemen, it was not with

out surprise, shared, I am sure, by many other members present, 
that I listened to much of the matter put forward by 1\11' Williams 
in his criticism of my paper on the "Methods of Precipitation." 
Many of his statements are such that no allowance, however liberal, 
for the over-zealous advocacy of a pet process is sufficient to excuse 
them. ,The effect of his conceptioI).s on the members of this Society 
gives me little concern; they are in a position to discriminate 
between facts and fancies, but on those outside the Society, and who 
are not conversant with the mysteries of cyanidation, trusting to us 
for guidance, there is some little danger that his statements might 
be accepted, and thus tend to perpetuate those erroneous ideas re
garding electrical precipitation, which have already been held too long, 
but are now rapidly being dissipated. He leaves me no option but 
to reply at some length, and I will therefore take his remarks 
se?·iatirn. In his opening sentences he cavils at my emphasising the 
Rimplicity of the working of the zinc process, and then proceeds to 
liken electrical precipitation to the steam-engine in the certainty of 
its action. I thank him for the comparison, which is an apt one, 
and assists in showing the difference between the two methods. 
The satisfactory working of a steam-engine is dependent on 
many things: the stoker must do his work properly at the 
boiler, the engine-driver mnst be competent, and the lubricating 
of the bearings must be duly attended to if the engine is to run 
properly, but even under the best of conditions engines occasion
ally br,eak down. Electrical precipitation, depending as it does 
on both a steam-engine and a dynamo, is subject to the vagaries 
of both these machines and also to the inconvenience of the 
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short circuiting which now and then occurs in the boxes. Very 
different is the case of zinc, for all that is needed is sufficient 
surface of this metal to afford the necessary contact to the solu
tion flowing over it, the working being quite automatic. When he 
avers that zinc leaves 5 to 10 dwts. of gold in the solutions, he dis
plays a bias which naturally discounts the rest of his statements. I do 
not hold that zinc is a perfect precipitant any more than electricity 
is, but ever since its introduction it has given a degree of satis
faction which has not yet been approached by the electrical method. 
and for anyone to say or endeavour to convey the impression that 
with zinc the sumps are not infrequen~ly of 5 dwts. to 10 dwts. 
value, is to misrepresent facts to a reprehensible extent. The best 
practice of both methods shows that there is little to choose 
between them in the matter of sump value, and, as I have already 
remarked, it is very creditable to zinc. that with its wideHpread use 
so little trouble is experienced with it, and that irregularities, when 
they have occurred, have invariably yielded to the persuasive 
powers of our specialists, for I believe I am correct in saying that 
Mr Feldtmann and Mt' Bettel have unbroken records of success in 
this direction, and Mr Williams has himself rectified the case of 
pOOl' precipitation which he mentions as being within my cognition. 
Mr Williams refers to the refining charges on the bullion of the 
zinc process. I would ask him why he has assumed the fineness of 
this as 300-500 instead of 700-800 as we actually have in pl'actice, 
and also whether we are to leave out of account the discrepancies 
and charges attending the cupellation of the Siemens-Hltlske 
bullion. Mr von Gernet has already placed before us a table of 
bullion values showing that the difference between bullion of 700 
and 800 fine is only threepence per ounce, and I fail to see why Mr 
·Williams raises this point considering that the mines have the 
matter of fineness in their own hands. Weare reminded that in 
the case of sales of the lead bullion of the Siemens-Halske process 
to the Rand Central Ore Reduction Company, the mines have had 
their cheques within forty-eight hours, but the information, I re
quested respecting the sampling of this bullion has not been fur
nished. How is a satisfactory sample to be taken, and by whom 7 
A possible error of i to k per cent. cannot be considered in the light 
of an inducement to the mines to sell. The next point touched 
upon j,; the shortage of gold on the first month's clean-up, and Mr 
Williams expresses the opinion that here the electrical method has 
by far the best of the argument. It happens that I have the assur
ance of the manager of a Siemens-Halske plant that in his case, at 
least, the shortage at the first clean-up was a very material one, 
and I cannot conceive how it could possibly be otherwise. Mr 
Bettel's figures on this point are of interest. I now come to that 
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part of the subject in which Mr Williams has given his imagination 
a free rein and driven merrily and unrestrainedly into the regions 
of fancy. Starting with the assumption that in the zinc process 
the residues carry away 15 per cent. of solution of 1 dwt. value, he 
then submits that with electrical precipitation the residual moisture 
is absolutely free of gold. He supports the latter truly astounding 
statement by instancing the result of his visit to two or three of the 
Siemens-Halske works, where he failed to discover weighable quan
tities of gold in the sumps. All I can say on this point is that he 
appears to have been singularly fortunate in his visits, for the con
ditions he discovered are not those obtaining in constant practice. 
Again, speaking of the loss incurred in the treatment of zinc 
slimes, he says: "]Hy own experience, from careful observation, 
with careful work, would tend to show that the loss of gold on 
smelting of zinc slimes is not less than 1 per cent., and in some 
cases I know that this loss might be put very much higher." 
Nothing is further from my thoughts than to reflect on the care 
exercised by Mr Williams in his work, but if I am to understand 
that with proper care and appliances he believes the above 'loss to 
reach 1 per cent., I certainly question the accuracy of his,observa
tions and assnmptions. Here I would bring to t,he notice of the 
members of this Society the result of some experiments in this con
nection carried out by a Mr Robert Gilman Brown, at the Standard 
Consolidated Mines, Bodie, California, and which are the more in
teresting because Mr Brown is a stranger to this discussion. In a 
paper read before the Institution of Mining and Metallurgy, London, 
and published in Vol. IV. of their Transactions, issued August 
18~6, he speaks thus: "In view of the position, more commonly 
taken of late, that the sulphuric acid treatment of zinc box precipi
tate (slimes) is accompanied with large losses, the following notes 
may be of interest. The losses are supposed to occur- -

"(a) In the filtering and washing of the precipitate after the 
acid treatment, and 

" (b) During the drying of the precipitate. 

"(a)' At the cyanide plant of the Standard Consolidated Mining 
Company, Bodie, California, the filtering is done in a Johnson's 
filter press, and the outgoing solution does not show more than the 
faintest film of sediment after standing twenty-four hours, while 
the average of many tests made by evaporation of this falls below 
2id. per ton of solution, so that in this case and during this part of 
the manipUlation the loss is practically nil. For, example, it lI~ay 
be assumed as approximately correct,that 1000 ozs. of precipitate 
are washed by something under 2i tons of water, implying a loss of 
6~d. or less per 1000 ozs. 
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"(b) The drying appliances at the same plant consist of a rect
angular brick furnace, with iron top pan, and a hood to cover the 
same, connected by some half-dozen lengths of 7 -inch stove pipe, 
including two elbows, with the outside. During a special test 
made in drying about 4400 ozs. of precipitate there was collected 
from this fiue dust of a value of 14s. Sd.; while this test was in 
progress the precaution was taken to cover the end of the pipe 
with soft closely-woven fabric, but although this was blackened by 
soot fl'om the furnace, when burnt the ashes showed but a trace 
of the precious metals. The loss in value of this lot of pre
cipitate was 0'03 pel' cent." Such are the results of Mr Brown's 
exper'iments, which differ very materially from Mr 'Williams' 
assumptions, and are a sufficient reply to all those who would have 
us believe that serious losses occur in the treatment of zinc slimes. 
What, then; becomes of l\ir Williams' figures, based as they are 
upon erroneous premises, and how does it come about that he puts 
forward such imaginary data 1 I can conceive only one explana
tion which Ratisfies the case, and it is that he, like a certain Joseph 
of Biblical fame, has dreamed a dream which, with his customary 
keen humour, he has palmed on us as a serious contribution to this 
discussion. There is much to support this conclusion :we have a 
mixing up of the past ,with the present-his boyhood experiences 
of the flint-lock are associated, apparently quite naturally, with the 
cyanide process, and w.e have that happy dream colouring of facts 
which'transforms them into fancies of the first degree, But to 
continue with my interpretation of the dream and my comments 
thereon. In considering the financial aspect of the subject of pre
cipitation, are we to ignore the losses and discrepancies incidental 
to cupellation, a matter upon which Mr Bettel might enlarge with 
advantage, and must we overlook the simple manipulation, the 
better extraction, and the cheaper work of the zinc process 1 If 
due weight is given to these points, it will be found that zinc will 
more than hold its own, for with the cheapening of cyanide the 
principal advantage of electrical precipitation. disappears, whilst 
all, or nearly all, its demerits remain. Turning to another point 
of Mr Williams's dissertation, I find that he, like Mr von Gernet, 
persistently ignores my efforts to put forward electrical precipita
tion in as favourable a light as possible; they refuse to recognise 
that I gave special prominence to the fine but expensive Siemens
Halske plant of the May Consolidated Company and its perform
ances. Continuing, he points out that although I have sho\vn the 
costs at the Robinson to be low, the percentage extraction is also 
low; but his remarks which follow this are sufficiently explanatory 
of the point to permit me to pass it, and to conclude my reply to 
Mr Williams by pointing out that even he, towar~s the end of his 
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remarks, appears to doubt that the advantages attending electrical 
precipitation are sufficiently' great to be apparent, for he says 
"until one of our large companies is ,prepared to divide the pulp 
leaving the mil~ treating one-half by each process, that their 
respective merits will always be hypothetical." Turning to Mr 
Bettel's contribution to the discussion, I think that the Society is 
much indebted to him for the valuable information he has brought 
forward, and I am glad to hear that he purposes continuing his 
remarks in the form of a paper. Mr Bettel has for some time past 
been successfully experimenting with zinc in connection with the 
treatment of slimes, and I am sure we would all be pleased to have 
a communication on this included in his paper. Regarding the 
discussion generally, 'it is to be regretted that. diffidence has pre
vented niany members coming forward whose opinion would have 
been of interest, but I trust that one opinion-that of our Presi
dent, Mr Feldtmann-will not be wanting to complete in a fitting 
manner this interesting and important discussion. For myself, I 
may say that the opinions expressed have served to convince me 
that zi.nc precipitation is as healthy as ever, and that the Siemens
Halske process has yet to prove its superiority. 

Mr Williams said he regretted that the rules did not allow him 
. to reply to Mr Yates, as he would like to compliment the Society 

on having such a valuable member, and one whose power of read
ing between the lines was simply marvellous. 
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