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INTRODUCTION 

The cyanide process as aotually applied to the extrac

tion of gold and silver from their ores is generally considered 

to have originated with British Patent nos. 14,174, Oot. 19, 

1887, and 10,223, July 14, 1888, issued to J.S.MacAuthux, R.W. 

Forrest a.nd \1. Forrest. 

The first patent emphasized the efficiency of cyanide 

as a solvent for gold and silver, and the superiority of dilute 

solutions. The dissolved gold was to be recovered from the so

lution by any conveniend way, " suoh as evaporating the solution 

to dryness and fusing the resulting saline residue, or by treat

ing the solution with a sodium amalgam" (30). The second patent 

referred to the use of alkalies and, whioh is perhaps more im

porta.nt, to the use of zinc "in a sta.te of fine division" as a 

preoipitant for the noble metals dissolved in cyanide solutions. 

Previous to this, however, other patents had been 

obtained and other investigations had been persued on the action 

of aqueous solutions of alkaline cyanide upon noble metals and 

the preoipitation of these metals therefrom. 

In 1840 Elkington (1) obtained a patent for a method 

of electroplating gold by using as eleotrolyte a solution made 

by dissolving gold in potassium cyanide with the aid of an elec

tric current. It should be noted that the Elkington patent not 

only covered the dissolution of gold in oyanide solutions but 



also - and this probably did not occur to the patentee - a 

means of recovering the gold from the solution by electro8 

deposition. 
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That an electric current was unnecessary for the 

solution of gold was observed shortly after by Prince Bagration 

(2) who reported that the metal would dissolve slowly if placed 

in solutions of either sodium or potassium cyanide. He also 

noticed that gold could likewise be dissolved by a solution of 

potassium ferrocyanide but more slowly than with the simple salts. 

In both cases it was observed that heating and free access to the 

atmosphere hastened the dissolution of the metal. No means of 

recovering the dissolved gold was suggested. 

About this same time, 1844, Glassford and Napier (3) 

determined the formula of the compound formed when potassium 

cyanide reacts with gold and found it to be potassium aurocyanide, 

IrA. u( ON) 2. 

The same year ~.P.Prioe (30) obtained a patent in 

Great Britain for precipitating gold and silver from solutions 

resulting from the treatment of ores by agi t,3.ting the solution 

in contact with zinc in a fine state of division. It seems doubt

ful, however, if Price had in mind the precipitation of gold and 

silver from cyanide solutions. Moreover, previous to this, during 

the years 1862-4 (30), it had been pOinted out that granular zinc 

would precipitate from solution most metals dissolved from ores. 

Two years later Elsner (4) made what is undoubtedly the 



first comprehensive study of the chemical reactions involved 

during the action of aqueous solutions of alkaline cyanides 

OD met~ls, and in the case of gold proposed an equation which 

has since been known as Elsner's Eq~tion: 

oxygen, or its equivalent, forming an integral part of the rea-ctlon 

and being absolutely ~ecessary for it to proceed. In the case of 

silver and of oadmium the equations were analoguous. Elsner, however 

did not propose any way of recovering the dissolved metals. 

Wurtz seems to have been the first to sense the commer

oial possibilities of cyanidation and as early as 1866 he drew 

attention to the fact that the action of potassium cyanide solution 

upon gold might well be used to extract the metal from ores (5), 

but he does not seem to have followed up his idea. 

A year later J.H. Rea obtained a patent in the united 

states (6) which covered the use of cyanide with the aid of an 

electric current for the extraction of gold from its ores, much 

emphasis being placed on the use of an electric current. The pur

pose of the electric current was twofold: firstly, to aid in the 

dissolution of the gold, and secondly, to precipitate the dissolved 

metal on cathodes of copper. The success of the process semms to 

have been both dubious and shartlived. 
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Skey in 1875 (11) made some observations in connection 

wi th the use of cyanide as an aid to barrel amalganation as was 

practised at the time. He noted that the gold dissolved by the 

cyanide was not precipitated by the mercury or the sulphides in 

the ore, and was lost. To remedy this he proposed passing the 

fluid coming from the barrels over copper plates. The copper 

being electropositive to gold and silver in cyanide solutions 

would precipitate theseimetals. 

In 1877 D,ixon (10) reported the results of some experi

ments on the solution of gold in potassium cy.anide and ferrocyanide 

solution with the aid of an oxidizing agent. To recover the gold 

he suggested filtering the solution through finely divided metal

lic silver, and then precipitating the silver as a sulphide. He 

noted, furthermore, that both gold and silver could be preoipitated 

by means of copper. 

In 1885 Simpson and Parnell (7) were issued a patent 

far a process using solutions of potassium cjQnide, ammonium 

carbonate and sodium chloride for the treatment of crushed gold 

ares. The patent also covered the use of zinc plates suspended in 

the solution to precipitate the dissolved gold. 

Two years later, as already mentioned, the MaoArthur

Forrest ~tents were granted. 

Ma~rthur stumbled upon the cjanide process quite aoci

dentally (8). In 1886 he had treated ores with a solution of po

tassium cyanide and had attempted ro precipitate any dissolved 
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gold by means of hydrogen sulphide. When no precipitate formed 

he wrongly concluded that no gold had been dissolved by the 

oyanide. A year later, however, he bad oocasion to attempt to 

preoipitate gold from a known solution by the same means but 

no reaction took plaoe. It then ocoured to him that gold might 

have been dissolved during the tests of the previous year and 

that the hydrogen sulphide had failed to preoipitate it. This 

proved to be the oase, and zino being electropositive to gold. 

suggested itself as a preoipitant. Turnings of zino were made by 

outting disos on a lathe and these were plaoed in the solution. 

About 1888 Julian, (30) in south Africa, made some 

investigations on the dissolution of gold in ores by chlorine, 

and by oyanide under high pressure, with subsequent preoipitation 

by an electrio ourrent and sodium amalgam. These investigations 

resulted in several patent applioations, and for oertain oxidized 

ores the prooess appears to have been suocessful. By 1889 a plant 

has been erected at the Wemmer Gold Mining Company, Witwatersrand, 

to deal with this process. 

At about the same time that Julian was oarrying out his 

investigations, Dr. Siemens (30) applied for patents for the ex

traction of gold and silver from ores by means of c~nide solu

tions, with subsequent precipitation by means of an eleotrio 

ourrent, using iron anodes and lead oathodes. It proved to be 

suitable for low-cyanide solutions and was oommeroially applied 

in south Afri oa in 1893, where 1 t beoame known as the Siemens-
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Halske prooess (12). 

Some time before the introduotion of the Siemens-Halke 

prooess, in 1890, Alfred James (9) introduced a system of zinc 

extraotor boxes of his own invention in south Africa for the 

precipitation of gold from oyanide solutions. 

The use of lead salt in conjunction with zinc was 

patented by ~~carthur (13) in the early nineties and was first 

applied by him with suooess in the Transvaal about 1894. Mac

Arthur also proposed the use of zino wafers for preoipitation 

at about this time (12). 

The lead-zino couple was not adpoted elsewhere, however, 

until 1898 when it was brought forward by Betty (13) and Varter (40) 

as a substitute for the Siemens-Ha~ske electrolytio process for 

the treatment of low-cyanide gold solutions. The use of the 

zinc-lead couple was very suooessful and soon displaoed the elec

trolytic process of precipitation. 

The use of aluminium as a precipitant for gold dissolved 

in oyanide solutions was patented by Moldenhauer in 1893" (13), 

and its use as an electrode for electrolytio precipitation was 

proposed by Sherard Cowper-Coles (20) and tried by Julian in the 

~e year (31) with but little sucoess. Julian also tried the use 

of aluminium in the form of plates and of shavings (31) as a 

substitute for zino with unsatisfactory results. 

B.C. Molloy (32) patented an electrolytic process of 

preoipitation in 1892~ whioh was a modification of the one pre

viously proposed by Julian in 1888. It oonsisted of passing gold 
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bearing solutions over mercury in which sodium was continuously 

deposited by electrolysis. The gold was precipitated on,aIdamal

gama ted by t the mercury,~ (41). The process was employed for some 

months by Dr. A. Simon in 1892-3 (31) for the treatment of wit

watersrand tailings. 

In 1895 Pfleger patented a process of eleotrolytio 

precipitation which was applied for a short time in the Transvaal. 

A short-oirouited simple cell was formed by having zino anodes 

in alkali or cyanide solution and iron cathodes in the gold 

bearing solutioD, the two solutions being separated by a porous 

membrane. The gold was deposited on the iron oathode. 

Several other eleotrolytic methods of precipitating 

gold have been suggested, the main difference between these and 

the preceeding ones being in the use of different materials for 

electrodes. Zinc cathodes were tried by Andreoli (31), tinned 

iron was used for the same purpose at Minas Prietas, Mexico by 

Charles Butters (41), etc •• 

The use of zinc dust as a precipitant for gold and 

silver was patented in 1894 by Sulman and Pichard (22) and was 

first applied by thea at the Deloro mine t ant., The praotive 

was to add zinc dust in amounts calculated to precipitate the 

metal to a tank of solution. The zinc dust was dispersed 

throughout the solution by air or mechanioal agitation and was 

allowed to settle. The clear solution was decanted and the 

deposit filtered. The process was not very sucoessful; decanta-
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tion losses were high and when just enough zinc was added redia

solution ocourred, While if zinc was in excess, zinc aonsumption 

became prohibitive. 

The same year W.O. Johnston, of San Francisco, obtained 

a patent for the use of charcoal as a precipi tant of gold from 

cyanide solutions although it has been tried some time previously 

with indifferent results by W. Aetken at the Reef ton mine, in 

New Zealand (12). 

The following year, 1895, the use of cuprous salts as 

a method of precipitation was proposed independently both by 

ad Wilde and by Christy (41) but did not find any practical ap

plioation, a serious objection being that the cyanide solution 

ha.d to be acidified for precipitation to take pla.ce. 

A year later the use of zinc dust wa.s introduced into 

the United states by D.C. Jaokl1ng at the Delamar-Mercur mine, 

utah, and its use was perfecte4 by C.W. Merrill in 1897 (9) 

at the Homestake mine. Merrill recognized the necessity of 

removing the zinc and the precipitated gold from the solution 

immediately on completion of precipitation. This was done by 

a.dding zinc dust to the suction of the pump carry~ng the preg

nant solution, leaving the zinc in contact with the solution 

for a short time, and passing the solution through a filter 

immediately thereafter. 

In 1897 the Pelatan-Clerici process made its appear

anoe (23). This process attempted to ,diiBOlye., l)y cyanide, and 
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precipitate, by electrolysis, the gold simultaneously. The pulp 

was agj. + ~ted with cya.nide soluti on in a vat the bottom of which 

was made up of copper sheeting, covered with mercury, and acting 

as a cathode. The agitator, made of iron, served as anode. sodium 

chloride was added to increase the conductivity of the pulp. The 

gold precipitated on the mercury and was recovered as an amalgam. 

Aside from the mercury cathode, the process was very similar to 

the one patent by Rea thirty years previously. 

The Pelatan-Clerici process was the forerunner of many 

similar schemes for the simultaneous dissolution and precipitation 

of gold in aurocyanide solutions. The Riecken process, first 

applied in 1900 in Western Australia, also made use of mercury

copper cathodes (41). The Gilmor-Young process employed at Nica

ragua in 1898 consisted of agitating gold ores with cyanide and 

mercury in a pan. After some time copper and zino amalgam were 

added to the pan and the agitation continued. The goll was recov-

ered as amalgam. 

From 1900 to 1910 very few .innovations were developped 

if the introduction of Butters filters to clarify pregnant solu

tions is excluded. 

In 1910 Kirkpatriok (13) introduced with success the 

use of aluminium du~t as a precipitant for argento-cyanide 

solutions at the Deloro smelter, ant., The system was later 

installed at the O'Brien Mine in Cobalt. It was soon after ap-

" plied':" with modifica.tions, at the Nipi~sing mill by Hamilton (13). 



The Merrill plate-and-frame filter press was first 

used in Mexico in 1911 (9). It had several advantages over 
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the Butters filters and its use soon became popular in Ameri~ 

and elsewhere. 

Zino threads were tried as a substitute for zinc dust 

by Carpenter in 1915, (26) but he reports inferior results. 

The same year a patent was issued to Clevenger (27) 

for the use of zino alloyed with 3 percent or less of sodium 

as a precipitant for gold or other metals dissolved in cyanide. 

sodium sulphide as a precipitant of silver from 

argento-cyanide solution was developed in 1916 at the Nipissing 

mill, Cobalt, to replace aluminium precipitation whe~, during 

the World War 1914-18, the price of aluminium vecame excessive. 

The silver was precipitated as silver sulphide which was subse

quently reduced to metallic silver by a desulphurizing treat

ment (51). 

The Crowe process for the removal of dissolved oxygen 

by a vacuum from pregnant solutions was introduced in 1916 (24) 

and was undoubtedly one of the major innovations in zinc pre

cipitation sinoe that of Merrill in 1897. 

The Merrill method of introducing zinc was soon 

oombined with the Crowe process of oxygen removal, and the use 

of this combination was quiokly adopted by the gold-milling 

industry. 
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Chemical methods of oxygen removal have been tried 

since the Crowe process (69) but have found no pra.ctical appli

cation due to cost as compared to the Crowe process. 

In ~932 the Merrill-Crowe simultaneous clarification

precipitation process came into being (50). 

I~ is of interest to note that as recently as 1939 

a process reviving, after a fashion, the idea of the Pelatan

Clerici process of simultaneous dissolution and precipitation 

of gold has been put forward (25)0 In this process charcoal is 

added to the cyanide pulp so as to adsorb the gold as soon as 

it is dissolved by the cyanide, the charcoal being later removed 

by flotation. 

While the subject of gold and silver dissolutionsin 

cyanide solution and the influence of different factors re~ting 

thereto has provoked much study and laboratory invest1g~tions 

by many experimenters such as Elsner (4), JUlian and smart (30), 

Bodlaender (66), White (67), Baisky, Swainson and Heiley (61), 

and HoLmes (68), to mention only a few, one cannot say the same 

in regards to precipitation. 

It is true that some investigatbrs' have devoted their 

energies to some of the problems involved, notably Christy (28) 

who, in particular, devoted much time to the electrodeposition 

of gold and silver from cyanide solutions; Gro~s and Scott (60) 

who investigated the efficiency of charcoal precipitation; 

White (29) who studied the solubility of zinc shavings in cyanide 
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solutions; and others. 

Operators ~ve also reported from time to time obser-

~~tions made under working conditions. 

But most of these investigations and observations 

have been made prior to the inception of the Merrill-Crowe 

process which is today the method finding the most universal 

applicJ.tion for the precipita.tion of gold and silver from 
. 

c~nide solutions. 

It was therefore decided to investigate under controlled 

conditions and with pure solutions the influence of some of the 

factors which might have a bearing on the efficient precipitation 

of gold from deaerated solutions by zinc dust. 

The writer is deeply indebted to Professor W.G. MoBride 

who obtained for the author the Harrington 2esearch Fellowship 

which made the investigation possible, to Professor J.U. ~~cEwan, 

under whose supervision the work was performed, for his many 

valuable suggestions, and to Professor J.W.Bell for the use of 

his constant-temperature laboratory and his interest in the work. 

My thanks are also due to Professor O.N.Brown for his encourage

ments and the free use of the Analytical Laboratory, and to 

Professor G. Sproule for the use of some of his eq~ipment. 



THE PROCESSES OF PRECIPITl.TION 

As already mentioned five principal methods of preci-

pitation have been used: 

1. Electrolysis 

2. Aluminium 

3. Charcoa.l 

4. Sodium sulphide 

5. Zinc, a) shavings 

b) dust 

1. Electrolysis 

This process is now of historical interest only and 

the. principles involved will be discussed later under zinc pre

c ip ita t i on • 

I. A.luminium 

A.luminium has been used a.s a substitute for zinc 

especially in the precipitation of silver from cyanide solution. 

It differs from zinc precipitation in that aluminium does not 

repla.ce the precious metals in the cyanogen compound but pro

vokes oomplete decomposition with regeneration of the simple 

salt. 

According to Moldenhauer the reaction is: 



oNa.A.g( ON) 2 + SNa.OH -f- 2Al = SAg'" 12NaON -t 21\.1 (OH) 3 

followed by, 

. 
2A..l(OH)3 -t 2NaOH = Na2A-1204 -t 4H20 

Hamilton (13), however, prefers the following equation: 

. . 
2NaAg(CN) 2 -t- 4NaOH -t- 2A.l = 4NaC1f + 2Ag + Na~1204 + H 

-14-

The presenoe of oaustio soda is essential as oan be 

seen from the foregoing equations. Furthermore, lime must be 

a.bsent or a low-grade precipitate difficult to melt into bul

lion will result due to the formation of insoluble calcium 

a1uminate according to the following equation: 

• , 

Na.aL1204 + Ca(OH)2 = OaA1204 + 2NaOH. 

Hamilton, already oited, obviated the difficulties 

engendered by the presence of lime by treating the solution 

with sodium oarbonate before preoipitation, the following reac

tions taking place: 

. . 
Ca.( OR) 2 T Na2C03 = Ca.C03 + 2NaOH 

j 
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Aluminium will not precipitate solutions containing 

gold only; a minimum of about two ounces of silver per ton of 

solution is necessary for the precipitation of both gO'ld and 

silver to take place. Copper is precipitated at a very slow 

rate even when much silver is present. 

3. Cmrcoal 

The mechanism whereby gold is precipitated by charcoal 

was for a long time obscure. It was suggested at one time that 

a galvanio couple was formed, the carbon and the cyanide salt 

forming the poles. Later it was s'aid that gases occluded in the 

pores were responsible for the precipitation, while others 

maintained that, although normally electronegative to it, oar

bon in this particular form could precipitate gold (12). 

Allen (70) was the first to mention that precipitation 

was due to the phenomena of adsorption and subsequently discov

ered facts seem to bear him out. 

The use of charcoal as a precipitant ~s the subject of 

study by Gross and Scott (60) and their conclusion was that 

the mechanism of precipitation involves adsorption accompanied 

by a chemical change. They consider that a monomoleoular layer 

of cyanide is adsorbed on the charooal and that for pine charcoal 

the chemical reaction is: 
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while for sugar charcoal the reaction is: 

The first product of the reaction is adsorbed and the 

seoond goes into solution. 

The phenomena can, however, be much more simply explain

ed by postulating that the charooal is activated; that iS t it 

carries a positive oharge of eleotrioity and that for this reason 

it adsorbs the negative aurooyanide ions present in the solution. 

-t -
-~> Na -t AU(CN)2 NaA. u( ON) 2 

Ci"+ A.u(CN) i --~ ~-t+ Au(ON) 2J 

This explains why gold adsorbed by oharooal from a 

solution is never metallic gold. 

4. Sodium Sulphide 

The sodium sulphide prooess is applicable to silver 

ores only as no gold is precipitated by this method~in alkaline 

solutions as gold is a member of the arsenic-tin group. The 

silver is preoipitated as silver sulphide with regeneration of 

oyanide. 

About 0.06 lb of sodium sulphide at 60 per cent puri,ty 

is required per troy ounce of silver in solution. The reaction 
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is as follows: 

The silver sulphide is desulphurised by agitation in 

contact with caustic soda and aluminium ingots (50). 

Most of the sodium sulphide used in precipitation is 

regenerated during the desulphurising process. 

5. Zino , 

a) Shavings 

A t present, pla.nts using shavings a.re few a.nd usually 

s~11 a.nd are f&,,~t disa.ppearing. It 1s safe to say that today 
I 

no new plant of any importance would be designed to use zinc sba-

vings. 

b) Dust 

The improvements of Merrill and of Crowe, which have 
I 

fesulted in the Merrill-Crowe Simultaneous Clarification-Preci-

pitation process, in the use of zinc dust have made this substance 

such an efficient precipitant that it is today of almost universal 

application. 

Briefly, the Merrill-Crowe process consist of complete 

clarification and deaeration of the pregnant solution before the 

addition of zino dust, with subsequent separation of the preoipi

tate from the solution by means of filters, the whole operation 

taking place without contact with the atmosphere. 
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Clarifioation is accomplished by means of vacuum 

olarifying leaves after which the solution is deaerated in a 

tank under a vacuum of 22 inches of mercury to an oxygen con

tent of about 0.5 mg. per liter. 

Zino dust is added by means of a mixing cone so 

arranged that no air is introduced with the zinc. 

The gold and ~ilver and excess zinc is separated 

from the barren solution by means of pressure filters, either 

bag or leaf type. 

Fig. I illustrates a possible arrangement with the 

bag type of filters. 
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~HEORETICaL ~SPECTS OF PRECIPI~TION BY ZINC 

Whether or not a metal will go into, or will deposit 

out of, solution under an impressed voltage depends on the elec

trode potential between the electrode and the solution. This 

theory was first put forward by Nernst in 1889. 

According to this theory, the atoms of an electrode 

have a tendency to lose eleotrons and form ions, and, in oppo

sition, the ions in solution have a tendency to gain electrons 

and deposit themselves on the electrode as atoms. The first 

tendency is determined by an hypothetical pressure which Nernst 

oalled the "electrolytic solution pressure, plY, and the second 

tendency is determined by the effective ion concentration. In 

dilute solution the ion concentration is proportional to the 

osmotio pressure "p" due to the ions in the solution (72). 

Three conditions are possible: 

(1) p,. p 

The metal will send positively char~d ions into the 

solution and will continue to do so until opposed by the accumul

ated charges in the solution. The solution will acquire a positive 

charge, and the metal a negative charge; that is, a differenoe 

of potential will be established between the metal and the solution. 
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(2) p ;; P 

No action will take place, and no difference of potential 

will built up between the metal and the solution. 

(3) P < p 

The metallic ions in the solution give up their positive 

charges; that iS t gain electrons and separate as atoms on the elec

trode. This will continue until the accumulated charges oppose 

further action. The metal acquires a positive charge and the solu

tion a negative one. As in (1) a potential will be established 

between the metal and the solution but in the opposite direction. 

From the preaaeding we see that the processes of dis

solution and deposition are closely allied but act in opposite 

directi ons. 

When equilibrium is established, with an electrode 

for Which P p, the metal is negative to the solution and is 

surrounded by & layer of positively oharged ions. This layer 

of ions on the electrode 1s known as the Helmholtz "electrical 

double layer". It prevents the Gending of more ions into solu

tion by the metal. 

If, however, eleotrons are withdrawn from the metal 

through an electrical cirouit, the double layer is ruptured, the 

e1eotrolytic solution pressure asserts itself and some ions will 

pass from the metal into the solution; that is, the metal will 

dissolve and will continue to do so so long as the circuit is 
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closed. If the removal of electrons is stopped the double layer 

will again be formed, and dissolution will cease. 

When the metal is positive to the solution, i.e. p p, 

the electrical double layer will be formed as before but in the 

reversed order, the metal being surrounded by a layer of:negati

vely cnraged ions. If now electrons are withdrawn from the solu

tion or furnished to the electrode, by means of an electrical 

circuit, as before. the double layer will be broken, the osmotic 

pressure of the solution will become aotive, and the ions in the 

solution will deposit out of solution. The deposition will continue 

as long as the circuit is closed and ions remain in solution. 

When the electric reaction is reversible, Nernst showed 

that 

E .. RT ln .l2. ••••••••••••••••••••••• ( 1 ) 
nF P 

where E • Electrode potentia.l of the metal 

R - Ideal gas constant -
n : Va.lency of the meta.l ion 

• 
F = 1 Faraday, or 96,500 coulombs 

and the convention used is to state the potential difference of the 

metal with respects to the solution. 

Equation (1) may be written thus: 

E = RT In P - RT In P •••••••••••••••••••••• (2) 
nF iiF 



At constant temperature the expression RT/nF = In P 

is constant for a given met~l, hence 

-22-

E = RT In p t (constant) ••••••••••••••••••• (3) 
nF 

The equation may be simplified by using common logarithms 

and substituting the values for R, and F; furthermore, by taking 

the temperature at l8 0e, we obtain: 

E : Eo T 0.05,2, log a 
n 

• • • • • • • • • • • • • • • • • • • 

where a is the active ion concentration. The v~lue of Eo for 

monovalent gold is 1.5 volts (59). 

Gold, in the form of Naau(CN)2' dissolved in dilute 

solutions, ionizes thus, 

(4 ) 

----~~==~) Au(CN) 2 t Na + •••••••• (5) 

the long arrow indicating that the ionization is almost complete. 

The equilibrium constant 1s given by the following 

equation, 

K -1 -
• • • • • • • • • • • • • • •• (6) 

and as the degree of ionization is large, Kl is large. 
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The complex aurocyanide ion is in turn ionized into 

gold and cyanide ions, 

AuT.,. 2(Cn)- •••••••••• (7) 

the ionization constant being, 

As the ionization is small A.u(CN) 2 can be made 

equal toone. 

or [.1 uj 

'llherefore [A. uj x [CN-] 2 • • • • • • • • • • • • • • • •• (9) 

approximately. 

Substituting in equation (4), we have for gold, 

E = 1.50 + .059 x -9 
1 

=+0.97 volts, in reference to the 

standard hydrogen electrode. 

The above, however, does not take into account the 

"free" cyanide present in gold cyanide solutions. If the solution 

contains say one pound per ton of free cy,anide in terms of NaCN; 

that is 0.00098 moles per liter; and gold to the extent of 0.25 

ounce of metal to the tOD, or 0.000125 moles AU(CN)~ per liter, 
~ 



-24-

the total concentration of CN- ions in the solution is 

(0.000125 x 2 ... 0.00098) 0.00123 moles per liter, or [cNi2 = 
0.123 x 10-2• 

Substituting this value in equation (9), we obtain 

[AUJ x 0.123 x 10-2 = 10-28 , therefore, 

[AUT] ~ 81 x 10-2 7 • • • • • • • • • • • • • • • • • • • • 

The amount of gold present in the solution in the 

form of simple gold ions is seen to be extremely small. 

Substituting this value in (4), we obtain, 

E = 1.50 + .059 x log 81 x 10-27 
1 = 1.50 - 1.6, approx • 

• - 0.1 vo It s • 

That is, the potential electrode of gold is negative 

towards the solution at this dilution for a pure gold c~nide 

solution. 

If gold 1s to be precipitated from such a solution 

(10) 

the precipitant must have greater electrode potential than gold; 

that is, in a dilute cyanide solution such as postulated above, 

the potential developped must be more than minus 0.1 volts. 

Zinc fulfills this c~ndition and, therefore, it will precipitate 

gold from the solution if there are no interfering elements. 

The mechanism whereby gold is disp.laced or deposi ted 

from solution is essentially one of electrodeposition, and can 
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perhaps best be undeBstood from the study of the deposition of 

oopper sulfate from an acid solution by means of zinc. 

- ----t----t-

fig. a 

Suppose that a zinc plate and a 

copper plate are immersed in a 

solution of copper sulphate dissolved 

in dilute sulphuric acid, fig. a. If 

the zinc and the copper plates are 

electrically connected, electrons 

will flow, through the exterior cir-

cuit, and a current will flow in the 

opposite direction as will be seen if a galvanometer is placed in 

the circuit. 

Zinc w111 drssolve and will displace copper ions from 

the solution, the copper being deposited on the copper plate. 

1-::-:--- - - ----
--------- - - -

fig. b 

- - - ---
----

r;.1-.-- ----~ 
~:dJ 

fig. c 

Suppose now that a bar one part of 

which is zinc and the other copper is 

immersed in the copper sulphate solu

tion, fig. b. AS before electrons will 

flow from the zinc to the copper, and 

copper will be deposited on the copper 

end of the bar. 

Suppose, further, as shown at fig. c, 

that a zinc bar is now placed in the 

solution. Copper will be deposited on 

the zino in a spongy mass, and the 



-26-

deposition will continue so long as diffusion of the ions through 

the sponge is possible. 

If we substitute sodium aurocyanide for copper sulphate 

and sodium cyanide for the sulphuric acid in the above, a gold 

sponge instead of copper will be deposited on the zinc. Such is 

the mechanism of @Old precipitation from dilute cyanide solutions 

by zinc. 

The chemical change occuring during precipitation of 

gold by zinc is (13), 

• • • • • • • • • •• ( a) 

Reaotion also takes place, however, between excess 

zinc and the cyanide in solution so that parallel with (a) we 

ha.ve, 

. 
4NaCN + Zn + H20 = Ha,2Zn(CN)4 + 2NaOH + H2 •••••• (b) 

and the over-all reaction is (42), 
/ 
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PREVIOUS WORK ON ZINC PRECIPITaTION 

White (29) in 1919 performed some experiments on the 

solubility of Zn strips in cyanide solutions, with and without 

gold present in the solutions. With the following conditions 

obtaining: Au a 7.0 mg./l (.222 oz/T); Oxygen = 0.75 mg./l; 

temperature = 24-27 0C, White obtained the results shown in table I. 

Test 
No. 

A. 

B 

C 

D 

E 

KCN 

Ib/T 

0.000 

0.420 

0.000 

0.540 

0.000 

TA.BLE I 

aU pptd zn Au Na.OH 

Ib/T 
dissolved recovery Remarks 

mg. mg/sqpm per cent 
24 hrli 

0.016 0.00 0.08 0 Zn 
only 

0.040 1.76 0.68 25.2 Zn-Pb 
couple 

0.096 0.15 0.13 2.15 Zn-Pb 
couple 

0.032 0.56 0.53 8.00 zn 
only 

0.096 0.00 0.10 0 zn 
only 

Note: 1 Ib KeN x 0.753 : 1 Ib NaCN; 1 lb NaOH x 0.70 = 1 Ib CaO. 

The conclusions drawn from these results were: 

1) No gold is precipitated by zino in the abaehce of free oyanide. 

2) A Zn-Pb couple oa.n precipitate gold even in the absence of 

free oyanide. 



3) Zino can preoipitate gold in the presence of some free 

cyanide. 

4) The best results are obtained by mean of a Zn-Pb couple 

in the presence of free cyanide~ 
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5) In the absence of free cyanide very little zinc is dissolved. 

6) While the precipitation of gold is increased threefold with 

a Zn-Pb couple, the amount of zinc dissolved is increased 

but slightly. 

7) The amount of zinc dissolved is greatly in excess to the 

theoretical amount necessary to precipitate the gold. In 

test D it is 18 times this amount. 

White's results, however, are open to some criticism 

because of the fact that the alkalinity was not maintained const

ant so that the tests are no·t strictly comparable. 

Robertson (14) found that for good precipi~ation on 

shavings the free cyanide should be in. excess of 0.02 per cent 

KCN (0.4 lb/T KCN or .3 lb/T NaCN) and the protective alkalinity 

less than 0.007 per cent NaOH (0.1 Ib/T CaO). 

Treating zinc shavings with a cold solution of caustic 

soda and sodium cyanide for 5 minutes is said by Kasey (52) to 

reduce the amount required per box. 

Sherwood (15) noted that cadmium in zinc dust has little 

effect while the presenoe of one or two per cent of lead is an 

advantage, 

carpenter (16) reported that poor precipitation by 
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shavings may be due to muddy solutions, absence of free cyanide, 

absence of protective alkalinity, the presence of copper in the 

solution, the presence of alkaline sulphides, thiocyanates, 

ferricyanides, eto. or coating of zinc oxide on the zinc. 

Julian and Smart (31) mention reducing agents, such as 

sulphides and organic matter, as being detrimental to precipitation. 

AS a result of experiments they report that Na2S has a profound 

effect; even such small quantities as 0.011 lb per ton of solution 

reduoed efficienoy 6.5 per cent, 0.088 lb by 11 and 0.62 Ib by 

32 per oent. They also state that precipitation is markedly affec.

ed if the solution becomes acid: if the solution is neutral preci

pitation is bad while if it is made acid by a strong acid (H2S04) 

precipitation is TTfairly ra.pid and perfect". 

Toombs (17) noted that if calcium sulphate is present 

in pregnant solution in amounts that approach the saturation 

point (about 4 Ib/T) it interfers with precipitation on shavings 

due to the fact that it ooats the zinc. 

Common salt dissolved in pregnant solutions in the 

proportion of 5 lb per ton is said by Johnston (45) to improve 

precipitation on shavings. Laboratory tests showed improved 

recovery of about 4 per oent. 

Soluble or colloidal silica is reported by Johnson (18) 

to be precipitated by a zinc-lead couple. It is suggested that 

the silica is oooluded by zinc hydroxide, zn(OH)2 present in the 

solution and when the latter preoipitates it brings down the 
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silica. This coats the zinc and affects precipitation adversely. 

It 1s thought that the precipitation of Zn(OH)2 is a result of 

"very low cyanide strength~ and consequently low pH". A.nother 

factor in bad precipitation is said to be PbS04 formed by the 

action of sulphates on lead compounds. The "white precipitate" 

formed in zinc boxes at the City and Suburban Plant, south Africa, 

contained 53.47 per cent MgC03, 15.36 per cent CaC03, 11.93 per 

cent zn(OH)2, 8.76 per cent Fa20Z and A1203' 4.03 per cent insolu

bles, 3.57 per cent Na2S04, and 2.85 per cent chloride, alkali, 

and cyanides, Gold is said to be occluded in this precipitate to 

the extent of 9.6 dwt. (0.48 oz) per ton of precipitate. 

Newton and Fewster (19) report that with zino dust and 

deaeration the best results are obtained with a free oyanide 

oontent of at le~st 0.017 per cant KeN (0.34 lb/T KCN or 0.256 

Ib/T NaCN) and about 0.02 per cent CaO (0.4 lb!T). The elimination 

of Pb(N03 )2 reduced the zinc consumption to 0.10 Ib per ton mille~ 

while deaeration further reduced the zinc consumption to 0.06 Ib 

per ton. 

On the other hand Shoemaker (32) recommends that if the 

ore treated does not contain lead, precipitation 1s improved by 

adding Pb( N03)2 to the extent of 0.002 oz. per ton. 

Soott (33) reports that when gold and silver are 

preoipitated from a Ca(CN)2 solution by means of zinc dust the 

reagent consumption are: Zinc, 0.045 lb per ton of solution, and 

lead acetate, 0.01 lb. 
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The presence of chrornates in pregnant solutions is 

reported by Bell (34) to be detrimental to precipitation by 

2inc dust owing to the zino becoming with chromium. All chromium 

salts have to be precipitated by a lead salt and removed from 

the solution before the gold oan be recovered. The precipitated 

ohromates do not occlude any gold. BecausQ of their relative 

positions in the electromotive series it weems highly improbable 

that chromium would deposit on the zinc. What probably occurs 

is that the chromates in solution coat the zinc, thereby preventing 

contact between the zinc and the solution. 

The addition of starch, 0.0107 Ib per ton milled, and 

oaustic soda, 0.0053 Ib, impr oved the settlement of silioa gel 

at the Dome mill (35) and resulted in better gold precipita.tion 

by zinc dust. 

The 8-ffect of temperature is sa.id to be more marked wi th 

weak than with strong solutions, the higher the temperature, within 

reasonable limits, the more rapid and complete the preoipitation. 

Ehrman (36) reports that as much gold oan be precipitated by sha

vings in two hours at 3500 than in twenty-four at 20°. 

Disoussing the pxactice of preoipitation by zinc sha

vings Clannell (40) states that the cyanide strength of the solu

tion entering the extractor boxes should never be less than 0.2 

per cent KeN (4 lb/T KeN or 3 Ib NaCN) when no lead salt is present. 

When lead is added carter (37) found that solutions 

titrating as low as 0.008 per cent free cyanide (0.16 lb/T) could 



-32-

give 90 to 95 per cent gold recovery. 

The presence of other salts than cyanide was reported 

by James (38) to improve precipitation in certain cases, even 

when the free c~nide content is very low or absent. 

Again according to Clennell, "a certain minimum of 

free alkali is found to be essential for gOOd precipitation. 

On the other hand t a. larger excess should be avoided. If 

Dorr (50) in his book; "Cyanida ti on and Concentra. ti on 

of Gold and Silver Ores", mentions that precipitation takes place 

only in the presence of free cyanide, is always accompanied by 

the liberation of hydrogen, and that the alkalinity of the solu

tion is increased during precipitation. 

In the same book L.D. Mills, states that with the 

Merrill-Crowe process the efficiency of gold precipitation is 

generally independent of the cyanide or alkali content, of the 

solutions, and that substantially complete precipitation can 

take place with solutions containing no more than 0.05 lb NaCN 

or CaO per ton of solution. For silver ores, the cyanide and 

alkali content must be higher. He further states that the princi

pal detrimental effect of high cyanide and alkali is the waste

ful consumption of zinc. 

still according to Mills an excess of lea.d sa.lt is to 

be avoided because the zinc becomes ooated with enough lead, to 

retard, or even stop, galvanic action between the zinc and the 

gold. Also the amount of lead dissolved and precipitated may 

oause excessive zinc conswmption and give a low-grade precipitate. 
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About 10 per cent of the weight of zinc dust used is said to be 

the right amount if no soluble lead is present in the ore. 

Sodium bisulphite is stated to be a precipitant acti

vator, 0.10 lb being required per ton of solution. The alkalinity 

must not be in excess of pH 6.6. 

Aocording to the Merrill Company (39) solutions titrat

ing 0.1 lb or more NaCN per ton are readily precipitated and t~t 

successful pfaoipitation has been reported with as little as 

0.05 lb. The cyanide strength, however, should be raised when 

copper is present in the solution. The presence of copper is said 

to be no more detrimenta.l than to increase the zinc consumption 

a.nd lower the grade of precipitJ.te produced when the Merrill-crowe 

prooess is used. Only enough lime to ensure the solubility of 

lead salt as alkali plumbite is necessary while the zino oons~p

tion is fro~ 0,02 to 0,06 Ib/T, according to the same source. 

On the other hand Crowe (44) mentions tlat precipitation 

is difficult if the solution titrates over 0.1 1b CaO (protective) 

and that the pH of the solution should nat be above 8.4 unless 

the cyanide strength is at lea.st 0.25 Ib NaCN per ton of solution. 
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APPAR~TUS iND PROCEDURE 

Briefly, the procedure followed was to deaerate one 

liter of pure gold cyanide solution to which controlled amounts 

of reagents and "impurities" had been added. After deoxydation 

zinc dust, with or without lead salt, was added and left in 

oontaot with the solution for a definite time after which the 

solution was filtered. 

The solution was tested for nfree" cyanide, "protective" 

alkalinity, pH, and gold before deoxydation, a.nd for "free" 

~yanide, "protective" alkalinity ~ pH. gold and zinc after preci

pitation and filtration. 

The methods of analysis employed are described in 

Appendix II page 

unless otherwise stated the temperature of the solution 

was 20°0. This constancy of temperature was made possible by 

performing the experiments in a thermostatically controlled room 

designa4 by Professor Bell. 

The "impurities" added were, for the most part, solutions 

prepared from Merck C.P. reagents and in the case a[ the gold cy.ani

de it was prepared by dissolving refined gold metal in pure cyanide 

solution, both of which were prepared by the writer (see Appendix I 

page ). 

The zinc used wasMerl1lite Zinc Dust and sa.ve when 

stated otherwise 4 mmol per liter (or 0.524 Ib per ton) were added for 

precipitation after being conditioned with lead nitrate. As the 
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gold content of the solutions was fixed at 0.04 mmol per liter -

except for the tests bearing on the influence of the gold contaot -

the molecular ratio of zinc to gold was therefore 100 to 1. 

Deoxydation of a solution may be accomplished by 

a) Mechanioal or Physical means 

b) Chemical agents. 

a) Mechanical or Physical Means 

1) Heating or boiling the solution. 

Heating a solution is said by Hausen (43) to ac

complish the same result, as regards removal of air, as ap

plying a vacuum. However, this method was rejected by the writer 

because of the possible reactions which might take place at a 

high temperature between the compounds in solution. 

2) Submitting the solution to a vaouum. 

This is the basis of the Crowe process, and was the 

method adopted for the majority, of the tests reported herewith. 

A laboratory apparatus which would remove air by 

submitting a very thin stream of solution to a high vacuum was 

designed and is illustrated in figures 2 and ~page 36. 

It consists of a glass separa tory funnel (A.) of 

about 2 1/2 liters capacity fitted with a perforated stopper (a), 

and an Erlenmeyer f~sk (B) of 4 liters capacity, the two being 

fitted together by a rubber cork (j). 

BYLmeans of a short length of rubber tubing a 

piece of glass tubing (p) drawn out to a small nozzle at. one 

end was fixed to the discharge of funnel (A). 



( It) 

(.) 

(vI 
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Fig. 2. Photograph of 
funnel (A) and flask (B) 
shoVl.TIl in Fig. 3. 

Fig. 3. Dearat10n Apparatus. 
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A glass tubing (g) was passed through the rubber 

cork Cj) and was jOined to the glass tubing going through cork (i) 

at the top of the funnel by a piece of rubber tubing on which 

was attached a p1ne~cock (b). 

The side opening (f) of the flask was connected to a 

vacuum pump (E) by means of heavy rubber tubing, a calcium 

Chloride tube CD) being placed between the two to absorb any 

water vapour resulting from the evacuation or deaeration of the 

solution in the flask. 

Furthermore, a three-way stopcock (d) on the vacuum 

1ine permitted the evacuation of the funnel at will, by means 

of tubing (F), independently of the Erlenmeyer. 

A mercury gage (e), graduated in inches, connected 

to the vacuum line at (e) showed at all times the pressure 

obtaining in the apparatus, i.e. flask (B), or funnel (A.), or 

both. 

(c), (k), (1), (m), and (n) are pinch cocks wh~use 

will be apP30rent' presently. 

Preliminary tests showed that the size of the nozzle 

use' was important and that the finer the nozzle the more 

perfect the deaeration. However, when the nozzle was extremely 

small the time required to evacuate the solution became very 

long. A test was also performed with a solution heated to 3500 

but this did not materially improve deoxydation. The arrangement 

finally adopted was to use a. fairly amll nozzle and to pass the 

solution twice through the apparatus with minimum contaot with 

the atmosphere. In this way the oxygen content of a saturated 
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solution could be reduced to 0.52 mg. per liter within reaSOD

able time, about 55 minutes. Winkler's method was used to 

determine the oxygen present in the solution (see Appendix II 

page 101 ). 

The results of these tests are shown in Table II 

Test 
No. 

Temp. 
°c 

Nozzle 
used 

TA.BLE II 

Time 
req'd 
min. 

be!. aft. 

1 180e large '1 9.6 

2 20 00 very fine:. 110 9.7 

3 2100 fine 15 9.0 

4 35 0e fine 15 9.0 

5 20°0 fine 55 9.1 

Note: Vacuum for all tests, 29.6 ins. Hg 
Volume of soluti on used, 1000 m-l-

2.15 

0.60 

1.26 

1.20 

0.52 

No of 
times 
passed 

1 

1 

1 

1 

2 

water 
evaporated 

gm. 

10 

16 

13 

16 

15 

The manner in which the apparatus was used is as 

follows: 

1) The filtered solution - water wh1.t-e - was placed in (A.), 

stopper (a) being closed and (c) opened. (d) was turned so 

as to shut off (F) which w~s disconnected from (A) at (c), 
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(K) being olosed as an added preoaution. (b) was closed. 

2) The vaouum pump connected to (E) was started, (n), (m), and 

(1) were opened and the vacuum was allowed to rise to the 

maximum, 29.6 to 29.8 ins. mercury~ 

5) (a) was opened and the solution was allowed to be drawn into (B) 

by passing through (p) coming out as a fine jet. 

4) When all the solution in (~) had been drawn into (B) stopper 

(a) was closed. With (c) opened to the atmosphere 15 minuted 

were required to pass 1000 ml of solution from (A) to (E). 

5) Tube (F) was now connected to (A) at (0), (k) was opened, 

(d) was turned 80 as to shut off (B) and connect (F) to the 

vacuum line. In this way (A) was evacuated. 

6) After evacuation (1) wa.s closed and (B) was disconnected 

from the vacuum line at Co). (b) was now opened, a minimum 

quantity of air was admitted into (E) by opening (1) for a 

second or two, and the solution in (Er was forced through (g) 

and (h) back into (A). 

~) When all the solution had been forced in (A), (b) was closed 

as well as (c) and (k). Tube (F) was now disconnected from 

(A.) at (c). 

8) (1) was opened and air a..dmitted into (B). cork (j) wa.s now 

removed from (B) and zinc dust was placed in (B). 

9) Cork (j) was now replaoed on (B)t the latter was connected 

once more to the vacuum line at (0) t (d) being turnei so 

as to shut off (F) and connect (B). In this war (B)wa.s once 

more evacua.ted. 



10) (c) was slightly opened, for about a second, till the 

vacuum in (A.) had dropped to 27 in. and (a) was then 

opened again allowing the solution to pa.ss through (p) 
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into (B). Under the pressure now obtaining, about 2 1/2 in., 

35 minutes were required for 1000 ml. of solution to pass: 

from (A) into (B). 

11) After all the solution had been drawn into (B), (a) and 

(1) were closed and (B) was disconnected from the system 

at (0). (A) and (B) now formed a separate unit which could 

be removed and shaken in order to mix thoroughly the zinc 

dust and the solution in (B). A contact of half an hour, 

with frequent shaking, was permitted to take place between 

the zinc and the sol uti on. 

12) The solution was then filtered twice through a Buchner 

filter using a No 50 Watman paper for the first filtxation 

and a No 2 for the second. The second filt~ation was done 

in order to be quite certain that no small particle of 

zinc would inadvertantly pass into the barren solution. 

b. Chemical agents 

Deoxydation by the addition of reagents has been 

suggested by White (69) who showed that tannin had an efficiency 

of almost 100%. 

The Merrill Company prefers the use of sodium hydro

sulphite as a deoxydation agent aDd the method of procedure 

suggested is as follows (44): 



"To 1000 cc. of pregnant solution, add 100 mgs. 

sodium hydrosulphite. When dissolve'd add 100 mgs zinc plus 

10 per cent Pb(N03)2. (More zinc if solution contains copper 

or silver) and stir gently for ~O minutes. Filter and assay 

filtra.te n • 
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The above procedure was mOdified somewhat by the writer 

in that more zinc was added, 4 mmoles per liter b~ 0.262 gro. 

per liter. Consequently the amount of lead salt added was pro

portionally increased. 

It is also suggested that the zinc should be condition

ed with the lead nitrate in a small beaker with about 20 mI. of 

water before adding it to the soluti on. A. one per cent solution 

of lead nitrate - containing 10 mg or 0.030 mmoles per ml -

was prepared and 5 ml. of this solution were added to the zinc. 

A.fter the lead had deposited on the zinc, and the zinc had 

settled to the bottom of the bea.ker, the clear solution wa.s 

decanted and the zino added to the gold solution. 

This method of conditioning zinc was also employed 

when the solution was, em cua.te d and, unless mentioned otherWise, 

the qua.ntity of lead added was 0.15 mmole per liter. 15 ml. 

of water were used to wash the zinc from the beaker into the 

f~Bk, preliminary tests having shown that this was the quantity 

of water vapour removed from the solution during evacuation. 

No correction for the quantity of water remored was therefore 

necessary. 
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Deoxydation by hydrosulphite is very thorough: 

tests made by the writer showed only slight traces of oxygen 

remainiDgin the solution after the addition of the reagent. 

The method is very attractive in that it is quite 

rapid. However. it was felt that the addition of a reagent 

might provoke unwanted reaction within the gold solutions which 

would influence precipitation in a manner uncontrolled, i.e. 

an unknown factor would be introduced. For this reason the 

slower, but more controllable method of evacuation was used, 

with the exception of a few tests relating to the influence 

of time of contact between the zinc and the solution. 

The influence of the following was investigated: 

A.: Influence of "Freen Cyanide 

B: Influence of "Free" Cyanide wi th lead salt added 

c: Influence ~f Lead Salt, with cy.anide constant 

D: Influence of Lime, with cyanide constant 

E: Influence of pH greater than 9.0 with Na..OH 

F: Influence of pH less than 9,.0 with HCN 

G: Influence of Free Cyanide with lime constant 

H: Influence 0·£ Sulphide with lime added 

I: Influence of SUlphite with lime a.dded 

J: influence of Sulphate with l.ime added 

K: Influence of Thiosulphate with lime a.dded 

L: Influenoe of !h1oc~nate with lime a.dded 

M: Influence of Ferrooyanide with lime added 

If: Influence of Zino cyanide with lime added 
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0: Influence of Temperature on a gold solution containing lime 

P: Influence of Gold concentration of cyanide solution contain

ing lime 

R: Influence of Molecula.r Zinc-Gold ratio 

s: Influence of Ht I, J, K, L, M, and N, wi thout lime 

T: Influence of H, I, J, Kt L, M, and Nt wi th NaOE to main-

tain pH 

U: Tests on an unknown working cyanide solution 

V: Influence of Time of contact between the zinc and the gold 



A. tests 

The objeot of these tests was to determine the influen

oe of the "free" cyanide content on the precipitation of gold 

from a pure gold cyanide solution by zino alone. 

The results are shown in Table A, and by Graph At 

where the quantities are reported both in mmoles per liter and 

Ib per ton of solution. The nota.tion nON" andnOaO" used in 

the table indioa tes the "free·'- cyanide" in terms of sodium cyanide 

and the nprotective f1 alkalinity in terms of calcium oxyde resptct

ively. This nota.tion is followed throughout. 

-
Test 

No 

A.-l 

A-2 

1.-3 

A-4 

A,-5 

.4.-6 

1.-7 

A-a 

"ON" 
mmole/l 

bef. a.ft. 

0.10 0,08 

0:;'25 0.20 

0.80 0.50 

1.35 0.75 

3.15 2.00 

5.80 4.00 

12.60 8,70 

49.50 43.00 

TA.BLE A. 

pH 

bef. aft. 

7.2 6.8 

8.0 7.4 

9.3 9.3 

9.7 9.9 

10.0 10.5 

10.05 10.6 

10.3 10.9 

10.5 11.0 

Note: MIDoles NaON per liter x 0.098 
Mmoles zn per liter x 0.1308 

Zn 
dissolved 
mmole/l 

0.1888 

0.2455 

0.3775 

0.6040 

0.8305 

1.0570 

1.3590 

1.7743 

= Ib per ton = Ib per ton 

Recovery 
per cent 

15.30 

15.30 

63.20 

86.80 

89.30 

86.50 

81.00 

48.5 
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C onc1 usi ons 

1. The recovery is influenced by the amount of "free" 

cyanide present in the solution. 

2. The recovery reaches a maximum for a "free" cyanide 

oontent of about 3.2 mmoles per liter (0.31 lb NaCN 

per ton). 

3. A lack or an excess of "free If cyanide is pre judi-- -

mal to recovery, the limits being approximately 

not less than 1.35 mIDo1es per liter nor more than 

5.80 (0.13 to 0.58 lb NaCN per ton respectively). 

4. The presence of a large ambunt of cyanide is almost 

as bad as too little. 

5. The pH of the solution is decreased by precipitation 

when the cyanide content is low, remains unchanged 

for a cyanide concentration of about 0.8 mmoles par 

llter (approx. 0.08 Ib NaCN per ton). 

6. Good recovery ls, within limits, accompanied by a 

rise in the pH of the solution. 

7. The quantity of zinc dissolved increases with in

creased cyanide content, but there is no direct 

relationship between the amount of zinc dissolved 

and the gold recovery. 

8. The cyanide consumption increases more r~pidly 

than the zinc consumption, and appears to be a 
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function of the original cyanide content. being 

greater the greater the amount of cyanide present .. 

originally. 

In regards to conclusions 1, 2, 3 and 4 these can be 

accounted for by eleotrochemical a,ction as already explained on 

pages 19 to 26, the solution pressure of the cy~nide partly pre

venting the gold from being ionized and deposited on the zinc 

once the cyanide concentrations get above a certain value. 

Conclusion 5 is a direct contradiction to a statement 

that has become almost axiomatic in the literature, "the alkali

nity of the solution is always increased during precipitation." 
, 

A possible explanation of this divergence may reside in the ~ct 

that titration methods for the determination of alkalinity due 

to lime in cyanide solution are far from accurate and unless the 

total alkalinity is determined by a pH measurement, accurate and 

comparable results are difficult to obtain. Also it should be 

nated that no lime was present in the solutions. 
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B Tests 

These tests were identioal with the A tests except 

that the zinc was conditioned with lead nitrate before· being 

added to the solution. The quantity of lead salt added was 

0.15 mmoles per liter or about 0.1 lb per ton. ~11 other con-

ditions were the same as in 1. 

Test 
No 

B-1 

B-2 

B-3 

B-4 

B-5 

The results are shown in Table B, and by Graph A~ . 

-'!CN" 
mmole/1 

bef. aft. 

1.2 1.0 

3.1 2.4 

4.1 3.0 

4.8 3.9 

11.4 10.0 

TA.BLE B 

pH 

bef. aft. 

9.8 10.0 

9.9 10.1 

10.0 10.0 

10.0 10.4 

10.2 10.4 

Zn 
dissolved 

mIDole/l 

.453 

.5285 

.6'195 

.6900 

.718 

Recovery 
per cent 

93.4 

95.2 

91.3 
" 

84.52 

67.5 

Conclusions 

1. The addition of a lead salt, within certain limits, 

improved precipitation. 

2. The maximum recovery is attained, as in At at a 

oy~ide_o ontent of about 3.1 mmo1e NaCI per 11 ter, 

or 0.31 1b per ton. 

-
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3. The recovery is decreased much more than when zinc 

alone is added if the cyanide content is increased 

beyond a certail) concentration, 4.8 mmoles or about 

0.47 lb NaCN per ton. 

4. The amount of zinc dissolved is less when a zinc

lead couple is used than when zinc alone is added. 

5. The pH or alkalinity of the solution is incraased 

by precipitation. 

In regards to finding 3, it would seem tmt the zinc

lead couple is much more sensitive to cyanide concent~tion 

than is zinc alone. 
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C Tests 

In these tests the quantity of lead nitrate added was 

varied, all other factors being the same as in A and B tests. 

The results are shown in Table 0 and Graph O. 

TaBLE C 

Test "ON" 
No ffiilole/l pH 

be f • a. ft • be f. aft. 

A.-5 3.15 2.0 10.0 10.5 

0-6 3.25 2.1 10.0 10.2 

B-2 3.1 2.4 9.9 10.1 

0-2 3.2 2.5 9.9 10.3 

0-3 3.2 2.4 9.9 10.1 

0-4 3.2 2.5 9.9 9.8 

Zn 
dissol ved 
mmole/l 

.8305 

.5285 

.5285 

.5285 

.302 

.302 

Recovery 
per cent 

89.3 

95.1 

95.2 

95.2 

64.2 

64.0 

Note: MIDoles Pb(N)3 per liter x 0.6625 = Ib per ton. 

Conclusions 

Pb(N)~)2 
mmolejl 

0.0 

0.075 

0.15 

0.30 

0.60 

4.53 

1. Recovery is improved by the addition of a lead 

salt in a·mall quantities. 

2. Best results are obtained when the molecular ratio 

of zinc to lead is more than 7:1 (about 0.2 Ib Pb(N03 ) 

per ton when 0.523 Ib of zinc is used) 



Discussion 

-50-

3. The presence of an excess of lead salts retards 

precipitat ion. 

4. The zinc consumption is reduced when an excess of lead 

is present. 

5. The pH of the solution is increased slightly by preci

pitation when small quantities of lead salt are pre

sent, but is decreased when lead is present in large 

aln:)unt s. 

Precipitation is very sensitive to the amount of lead salt 

added to the solution and once the quantity of lead added gets 

beyond a certain point, the recovery drops rapidly. The importanoe 

of aocurate control over the amount of lead added is made manifest 

by these tests. 

It should be noted, however, that the purpose of adding 

a lead salt may be tllofo ld: fir st, to form a lead-zinc couple; an d 

secondly, to precipitate as insoluble oompounds certain impurities 

which may be present in working solutions: Evidently. when such 

conditions exist the quantity of lead salt added may be more then 

that indicated by these tests which were made on pure solutions. 

This point will be discussed further in reference to tests (H) 

and (U). 
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D Tests 

The object of these tests was to determine the 

influence of the quantity of dissolved lime on recovery. Solu

tions contJ.ining different amounts of dissolved CaO were preci-

pitated with the results shown in Table n and Graph D. 

The ~antity of lead salt added was 0.15 mmoles per 

Ii ter. 

Test 
No 

"CN" 
mmole/1 

"CaO" 
rnmole/l 

TA.BLE D 

pH 

bef. aft. bef. aft. bef. aft. 

D-O 3.15 2.4 0.0 0.0 10.0 10.1 

D-l 3.15 2.6 0.15 0.42 10.0 10.45 

D-2 3.2 2.8 0.48 0.32 10.6 10.6 

D-3 3.2 3.1 0.95 0.84 11.0 11.0 

D-4 3.2 3.1 4.95 3.7 11.6 11.6 

D-5 3.15 3.1 9.85 8.85 11.85 11.90 

D-6 3.2 3.2 17.9 17.8 12.1 11.6 

Zn 
dissolved 

mmo1e/1 

.5285 

.5285 

.5285 

.5285 

.5363 

.5663 

.612 

Note: MIDole CaO per liter x 0.1122 : 1b per ton 

Conclusions from D tests 

Recovery 
per cent 

95.2 

95.2 

95.7 

95.9 

98.85 

98.70 

98.55 

1. The presence of lime in the solution improves pre

cipi tati on. 
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2. The recovery reaches a maximum at about 5.0 mmoles 

CaO per liter or 0.5610 lb per ton; the addition 

of mo.re lime than this amount reduces the recovery 

slightly. 

3. The presence of lime reduces the cyanide consumption, 

the la tter being le ast when an exoess of lime is 

present. 

4. Lime stabilizes the pH of the solution, the alkali

nity remaining about the same after preoipitation 

as before, except if very little lime is present, 

when the pH will rise, or when an e-xcess is present, 

the pH will drop. 

5. The "proteotive n alka-linity is less after preoipita

ti on tha.n be fore. 

6. The amount of zino dissolved is inoreased when lime 

is added. 

These tests show that an alkaline solution is favorable 

to preoipitation. The discussion of these results will be taken 

up again in oonjunotion with the E and F tests. 
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E-F Tests 

The (D) tests had shown that lime improved recovery 

but they did not disclose whether the improvement was due to the 

lime itself or to the increased pH of the solutions. The object 

of tests E and F t then, W9.S to determine the influence of t}:e, 

pH of the solution on redovery. 

Caustic soda was used to raise the pH and hydrocyanic 

acid was used to lower it, In this manner it was possible to 

vary the pH of the solution from 6.6 to 12.1 while maintaining 

the "free" cyanide cont ent between 3.15 and 3.2 mmole s per 

liter. The only variable then, was the pH of the solution. Lead 

salt was added. 

The results obtained are shown in Table E-F, ~d in 

Graphs D and E-F. 



Test 
No 

"CN" 
mmol/l 

bif. aft. 

E-2 6.5 5.4 

E-l 3.15 2.4 

E-4 3.2 2.0 

E-3 3.15 2.35 

B-2 3.15 2.35 

F-l 3.15 2.3 

Ta.BLE E-F 

nca.O" 
mmol/l 

bef. aft. 

- -
- -

- -
- -
- -

0.21 0.42 

pH 

bef. aft. 

6.45 6.7 

6.6 6.8 

8.2 8.4 

8.7 9.5 

9.9 10.1 

10.1 10.45 

zn 
di ssolved 

mmol/1 
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Recovery Reagent 
per cent added 

m1. 

0.1510 66.00 ; 8 HeN 

0.302 77.30 4 HON 

0.3775 95.00 3 HeN 
8 NaCN 

0.5285 95.00 2 HeN 
16 NaCN 

0.5285 95.2 only NaON 

. 
0.5285 95.40 0.5 NaOH 

F-2 3.20 2.75 1.05 0.63 10.85 10.85 0.5285 95.40 5 NaQH 

3.2 3.1 1.05 1.42 11.1 10.9 0.5285 95.55 20 HaOE 

F-4 3.2 3.lB 6.05 4.84 11.62 11.95 0.4908 97.20 45 NaOH 

F-5 3.2 3.25 7.90 6.95 11.90 12.2 0.4530 97.25 65 NaOH 

F-6 3.2 3.25 9.06 8.84 12.1 12.4 0.4530 96.80 75 HaOE 

Nota: Test E-2 is not strictly comparable with the others - It can, 
however, be comparad with test a-6, page 

NaOH solution added was a 1 per cent solution. 

HON solution added was a 8 per cent solution. 
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C onol usi ons 

1. The pH of the solution has a marked influence on 

precipi tati on. 

2. A pH of less than 8 is unfavorable to precipitation. 

3. A pH of from 11.5 to 11.9 gives the maximum recovery. 

4. Between pH 8 and 11, the recovery is practioally 

constant. 

5. A pH produced by lime is better for precipitation 

than one obtained by caustic soda. 

6. Zinc consumption is low at a low pH, increases and 

remains constant from pH 8.7 to 11.1, and decreases 

for a higher pH than 11.1. 

7. The cyanide consumption is less at a higher pH than 

at a-low one. 

8. The "pr ot ecti ve If alkalinity change s erratically 

during precipitation when soda is used. At a higher 

pH, the alkalinity is reduced by precipitation. , 

Discussi on 

These tests, in conjunction with the D series, demonst~

te( that lime is an "activator" of precipitation, that 

not only does ~ime raise the pH of the solution to the 

required degree, but that the presence of the calcium 

ion enhances precipitation. Fortunately, lime is the 

caustic agent universally used in the cJanidation of 

gold ores so that some is always present in pregnant 

solutions, and recovery is thereby increased over that 

which would result if sodium hydroxide were used. 
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G Tests 

In this series of tests the lime content was maintained 

constant at about 5 mmole per liter, or 0.516 Ib per ton, and 

the NaCI content was varied. The object was to determine the 

influence of "frae lf cyanide when lime is present. Lea-d salt was 

added. 

Test 
No 

G-O 

G-l 

G-2 

G-3 

The results are shown in Table G and Graph G. 

"CN" 
mmole/l 

bef. aft. 

3.1 

6.25 5.8 

11.9 11.25 

1.5 1.3 

TABLE G 

"CaO" 
mmole/1 pH 

be f • aft. be f • aft. 

4.95 

4.95 

3.7 11.6 11.6 

4.7 11.55 11.7 

Zn 
dissolved 

mmole/1 

0.5363 

0.8305 

5.30 5.42 11.55 11.65 0.9360 

4.95 3.6 11.6 11.6 0.4530 

Recovery 
per cent 

98.85 

97.20 

92.20 

98.2 

Conclusi on 

1. The NaCN concentration necessary to obtain maximum 

recovery is unchanged by the presence of lime. Wi th 

or without lime it is about 3.2 mmoles per liter. 
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H Tests 

The objeot of these tests was to determine the 

influence of sulphide ion on precipitation. 

Merck sodium sulphide was added in increasing amounts 

to the solutions, all other factors remaining constant. The 

amount of lead nitrate was, as before, 0.15 mmole per liter. 

The results are shovm in Table Ht and Graph H. 

TABLE H 

"CN" 
Test mmole/l 

No 

"CaO" 
mIDole/l pH zn Recovery 

dissolved 
bef. aft. bef. aft. bef. aft. mmole/1 per cent 

H~l 3.3 3.25 5.26 4.53 11.2 11.3 0.302 98.5 0.021 

H-2 3.3 3.2 5.3 4.95 11.7 11.35 0.340 97.25 0.062 

H-3 3.3 3.2 5.37 5-.26 11.7 11.65 0.453 54.70 0.187 

H-4 3.3 3.2 5.37 4.53 11.7 11.5 0.226 46.50 0.562 

H-5 3.3 3.2 7.69 6.53 11.7 11.1 0.188 1.27 3.370 

H-6 3.3 2.8 5.10 4.0 10.8 11.0 0.453 97.95 0.4163 
(x) 

Note: MIDole Na2S per liter x 0.156 = lb per ton. 

(x) In regards to test H-6 the sulphide was precipitated 

by adding lead nitrate to the solution in such amounts as to 

combine with a11 the sulphite and leave a very slight excess 

of lead. The solution was fil tered and the routine test was 

performed on the filtrate. The sulphide precipitate was well 

w9.shed ':1nd J,ssayed for gold. Traces were found sh owing tha t 

some gold had been adsorbed by the precipitate. 

= 
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Conclusions 

Discussion 

1. Sulphide has a marked influence on precipitation, 

even when present in small amounts. 

2. The detrimental effect of sulJhide can be somewhat 

obviate by the addition of a lead salt to precipi

tate the sulphide. The precipitate, however, adsorbs 

a small amount of gold. 

3. The pH of the solution is somewhat lowered after 

precipitation. 

4. The "protect i ve" alkalini ty is al so lowered by 

precipitation. 

5. The zinc consumption rises to a maximum and then 

falls off as the amount of sulphide in the solution 

increases. 

The presence of soluble sulphide in fregnant solutions 

has been reported by VVhite (62) who states that it forms zinc 

sulphide with the shavings in extractor boxes, thereby affecting 

precipitation. The same occurs with zinc dust as is shown by 

these tests. 

The addition of a lead salt precipitates the sulphide 

by the formation of insoluble lead sulphide, and in this way 

prevents the coating of the zinc particles. 

The importance of carefully controlling the amount of 

lea.d salt added has been already discussed in reference to tests 

C. The amount added should be auch as to precipitate the 
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harmful impurities - in this case, sulphide - and leave a slight 

to form a couple with the zinc. 

Another point of importance is the place in the circuit 

where the leas salt should be added. Test H-6 showed that some 

gold is absorbed by the lead sulphide precipitated. If the lead 

salt is added before the clarifying le~ves, the occluded gold 

will be removed with the precipitated sulphide and will be lost, 

unless some means are taken to recover it. While only a small 

amount of gold may be occluded per ton of solution, yet when we 

consider the number of tons of solution going through the leaves 

a considerable amount of gold may be lost in this way. This may 

be one of the reasons why in some mills a ffmetallurgical" balance 

between the gold input and the gold output is so difficult to 

attain. 
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I Tests 

The object of these tests was to determine the in

fluence of the sulphite ion on precipit~tion. Merck sodium sul

phite wa.s a,dded in increa.sing a.mounts to the gold solutions. 

The results ar·e shown on Table I, and Graph I. 

Test "ON" 
No mmole/l 

bef. aft. 

1-0 3.2 3.1 

I-I 3.3 3.3 

I-2 3.3 3.3 

I-3 3.3 3.3 

I-4 3.3 3.3 

1-5 3.3 3.3 

~BLE I 

flCaO" 
mmole/l 

bef. aft. 

4.95 3.7 

4.63 4.63 

5.00 4.84 

4.53 4.63 

4.84 4.84 

5.26 4.60 

pH 

bef. a.ft. 

11.6 11.6 

11.4 11.35 

11.4 11.35 

ll.3 11.2 

11.3 11.15 

11.3 11.4 

Zn 
dissolved 
mmole/l 

.5363 

.5285 

.5285 

.5285 

.5285 

.6795 

~ote: Mmole per liter Na2S03 x 0.252 = Ib per ton 

C oncl usi ons 

Recovery 
per cent 

98.85 

98.45 

98.45 

97.6 

97.6 

97.6 

0.040 

0.159 

0.635 

2.538 

10.153 

1. Sulphite has an adverse influence on precipitate. 

2. A.fter fa.lling to a certain level, 97.6 per cent, the 

recovery is not influenced by the presence of greater 

amounts of sulphite. 



3. The pH of the solution remains practically un

changed. 

4. The "protectice" alk:alini ty varies erratically t 

being sometimes more and sometimes less than before 

precipitation. 

5. The "free" cyanide remains uncmnged. 

6. The zinc consumption is increased when large a

mounts of sulphite are present. 

Discussi on 

In connection with the influence of sodium sulphite 

it is interesting to note thg,t the Herrill 60mpany has patented 

a process in which sodium bisulphite ~s added to the solution 

in order to activate precipitation (see page 33). Bisulphite 

may be ab activator in certain cases, but sulphite in alkaline 

gold cyanide s~lutions certainly is not. 

-61-
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J Tests 

The object of these tests was to determine the 

influence of the sulphate ion on precipitation. Definite a

mounts of sodium sulphate were added to a pure gold solution, 

all other factors remaining constant. 

The results are shown in Table J and in Graph J. 

TA.BLE J 

Test "CN u "CaO" pH Zn 
dissolved 
mrnole/1 

No mmo1e/1 mmo1e/1 

bef. aft. be f. aft. be f. aft. 

J-O 3.15 3.1 4.95 3.7 11.6 11.6 0.5363 

J-1 3.3 3.3 4.84 4.70 11.1 11.2 0.5363 

J-2 3.3 3.3 4.95 4.40 11.25 11.0 0.5285 

J-3 3.3 3.2 4.95 4.90 11.3 11.3 0.5285 

J-4 3.2 3.15 4.90 3.90 11.3 11.4 0.5285 

J-5 3.25 3.3 4.95 4.48 11.3 11.3 0.5285 

J-6 3.4 3.4 4.90 5.26 11.4 11.4 0.453 

J-7 3.25 3.25 5.05 4.68 11.3 11.2 0.453 

J-B 3.4 3.3 5.4'1 5.20 11.4 11.3 0.453 

Note: Mmoles Na2S04 per liter x 0.284 : 1b per ton. 

Recovery 
per cent 

98.85 

98.10 

98.10 

98.10 

98.10 

98.10 

98.10 

96.9 

95.4 

0 

0.035 

0.141 

0.563 

2.253 

9.011 

22.528 

36.045 

72.090 
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Conolusions 

Discussi on 

1. Sulphate has an adverse effeot on precipitation, 

even in small amounts. 

2. Wi thin o.ertain limits a larger quanti ty does not 

influence recovery more than small amounts. 

3. The ":free" cyanide oontent remains practically 

unchanged by precipitation. 

4. The "protective" alkalinity is lowered by preci

pitation. 

5. The pH of the solution is very little affected 

by precipitation. 

6. The zinc consumed decreases with increased sulphate 

content. 

\fuen sodium sulphate is added to a lime solution cal

cium sulphate is formed, the amount depending on the relative 

quantities of e~ch present in the solution. If enough calcium 

sulphate results to ~rp'roach the saturation point, about 4 lb per 

ton of solution, calcium sulphate will coat the zinc pa~ticles 

and prevent contact with the solution: precipit~tion will be 

sluggish. This was especia.lly noted when large amounts of so dium 

sulphate were added; a whitish precipitate formed in the sJlution 

and though it was filtered out the detrimentJ.I effect was not 

obvia.ted. 
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That the zinc becomes coated is shown by the fact that 

the amount of zinc dissolved decreases as the sulphate content 

of the solution is increased. 
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i Tests 

The influence of the thiosulphate ion was studied by 

adding definite quantities of Na2S203 to gold solutions, all 

other factors remaining constant. 

Test 
No 

K-O 

K-l 

K-2 

K-3 

K--4 

K-5 

K-6 

The results are shown in Table K and Graph K. 

nON" 
mmole/l 

bef. aft. 

3.15 3.1 

3.3 3.2 

3.3 3.2 

3.3 3.2 

3.3 3.2 

3.3 3.2 

3.3 3.2 

TULE K 

"CaO" pH 
mmole/l 

be!. aft. bef. aft. 

4.95 3.7 11.6 11.6 

4.84 4.84 11.4 11.05 

5.37 4.63 11.4 11.5 

4.53 4. 74 11.4 11.5 

4.84 4. 74 11.3 11.4 

5.05 4.63 11.4 11.4 

4.84 4.63 11.3 11.4 

zn 
dissolved 
mmo1e/l 

.5363 

.453 

.3775 

.3775 

.3775 

.3775 

.302 

Recovery 
per cent 

98.85 

98.85 

98.85 

98.85 

98.85 

98.00 

95.60 

0 

0.030 

0.121 

0.483 

1.934 

7.736 

30.943 

Note: MIDole Na2S203 per liter x 0.316 : 1b per ton 

o onc1 usi ons 

1. Thiosulphate, unless present in considerable quan-

tities, has no influence on precipitation. 

2. The "free" cyanide content of the solution remains 

consta.nt. 
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3. The "protective" alkalinity is lowered by pr.ec1p1ta

tioD when sodium thiosulphate 1s ~esent in the 

saluti on. 

4. The pH is but slightly affected by precipitation. 

5. The amount of zinc dissolved decreases as the thio

sulphate content increases. 

Thiosulphates are often present in solutions due to the 

partial oxyd~tion of sulphide ores, during the aeration of oyan~e 

pulps, and a considerable amount may result when PJTrhotite is 

present in the ore. Fortunately J a. cert·).in q runti ty is necessary 

bef0re precipitation is affected. 
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L Tests 

These tests were made to study the influal ce of the 

thiocyanate ion on precipitation. Definite quantities of so~um 

thiocyanate were added to pure gold cyanide solution~,all 

other faotors remaining oonstant. 

The results are shown in Table L and Graph L. 

"ON" 
Test mmole/l 

No 
bef. aft. 

L-O 3.2 3.1 

L-1 3.2 3.2 

L-2 3,,2 3.3 

L-3 3.25 3.2 

L-4 3025 3.2 

L-5 3.2 3.2 

L-6 3.3 3.2 

TABLE L 

"OaO" 
mmole/l 

bef. aft. 

4.95 3.7 

4.74 4.63 

4.63 4.58 

4.74 4.21 

4.84 4.32 

4.95 4.63 

5.47 5.16 

pH 

bef. aft. 

11.6 11.6 

11.4 11.45 

11.4 11.45 

11.45 11.45 

11.5 11.45 

11.4 11.3 

11.4 11.1 

zn NaCNS 
dissolved RecovelY added 
mmole/1 per oent mmole/l 

0.5363 98.85 0 

0.453 98 0 95 0.03.t 

0.453 98.95 0.123 

0.453 98.95 0.617 

0.453 98.95 2.467 

0.453 97.95 9.868 

0.3775 97.90 39.472 

Note: MIDole NaCNS per liter x 0.162 = 1b per ton. 

Conclusions 

1. In amounts not over 2.467 mmole per liter (about 

0.4 Ib per ton of solution) sodium thiocy.anate favors 

precipi tati on. 
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2. Greater quantities of NaCNS than mentioned in 1 lowers 

the recovery. 

3. The "frea" c~nide content of the solution is UDaffeo.

ad by precipitation. 

4. "Protective" alkalinity is lowered by precipitation. 

5. The pH of the solution remains unc~nged except When 

a large amount of thiocjanate is present; the pH is 

then lowered by precipitation. 

6. The zinc consumption is lessened by the presence of 

Na.CNS. 

Discussi on 

The presence of thiocyanate in small amDunts activates 

precipitation. This may possibly be due to the formation of 

thiocyana tes of gold (73) which would rea.ct more energetical.ly 

with the zinc than does gold cyanide this, however, is but an 

hypothesis and it wDuld be rash to stress this possibility too 

far in view of the meagre data available. 
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M Tests 

The object of these tests was to determine the 

influence of the ferrJcyanide ion on precipit~tion. C.P. sodium 

ferrocyanide was added to pure gold c~~nide solution in definite 

amounts, all other things remaining constant. 

Test 
No 

M-O 

M-1 

M-2 

M-3 

M-4 

M .. 5 

The results are listed in table l.I and shown on graph M. 

nON" 
mmole/1 

bef. a.ft. 

3.2 3.1 

3.3 3.25 

3.3 3.2 

3.3 3.3 

3.3 3.3 

3.3 3.1 

T~\.BLE M 

nCaO" 
mmo1e/l 

bef. aft. 

4.95 3.7 

4.95 .. 4.43 

4.95 4.98 

5.26 4.95 

5.37 4.94 

5.42 5.00 

pH 

bef. aft. 

11.6 11.6 

11.5 11.6 

11.5 11.5 

11.5 11.5 

11.5 11.5 

11.5 11.4 

Zn 
dissolved ~tec0'B7 Na4Fe (ON) 
mmole/l per rent mmola/l f 

.5363 98.85 0 

.453 98.60 0.0207 

.453 98.50 0.0826 

.453 98.50 0.4132 

.453 96.90 2.0662 

.5285 96.60 10.3308 

Note: Mmo1e N&4Fe(CN)6 per liter x 0.608 : 1b per ton. 

C oncl usi ons 

1. Ferrocyanide hinders precipitation although not very 

greatly unless present in notable amouhts. 

2. The "free" c~nide ti trati on 1s little effected; 

only when relatively large amounts are present is it 

reduoed. 
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3. The "protective" alkalinity is less after preoi

pitation tmn before. 

4. The pH of the solution remains unchanged during 

preoipitati on. 

5. The amount of zino dissolved is oonstant exoept 

when considerable N&4Fe(CN)6 is present; it then 

ri sa B sligh tly. 

It is evident, from the results of these tests, that 

the use of unlined iron tanks for agitating pulps is not to be 

recommended. If iron is brought in contact with a cyanide so

lution, the iron will dissolve in the cyanide solution and will 

eventually be transformed into ferroc~~nide. 

Iron tanks, however, are not the only cause of 

ferrocyanides in mill sJlutions. Iron minerals contained in 

the ore may be decamp-osed and form ferrocyanides. 
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N Tests 

In these tests an attempt was made to determine the 

influence of zinc-cyanide in gold solutions. OWing to the fact 

that zinc cyanide titrates 9.t least partly as "free" cja,nide, as 

explai:aed on page 99 it was impossible to vary the zinc cyanide 
rA.e 

content independently of the "free" cyanide titration bYAmethod 

used. Consequently, two factors varied during these tests: the 

zinc cyanide and. the "frea" cyanide, and the results obtained are 

that much less trnstl,[J::'tr.::l. Some ides. of the influence of ~ nc 

cyanide alone can, nevertheless, be ga.ined by comparing these re

sult s wi th the G tests where tl"..6 "free n cyanide alone was varied. 

The results obt3.ined are shown in T~ble N and Graph N. 

Test 
No 

"ON" 
mmole/l 

TA.BLE N 

"CaO" 
mIDole/l 

pH 

bef. aft. bef. aft. bef. aft. 

N-O 3.2 3.1 4.95 3.7 11~'6 11 0 6 

N-1 3.6 3.5 4.43 4.74 11.5 11.5 

N-2 4.2 3.9 4.53 3.90 11.5 11.45 

N-3 6.9 6.7 4.63 5.10 11.5 11.35 

N-4 16.6 14.5 5.26 5.69 11.4 11.3 

Zn 
di ssolved 

mmole/l 

.5363 

.453 

.903 

3.030 

6.191 

Recovery 
:per cent 

98.85 

98.60 

98.50 

98.45 

98.00 

Note: Mmo1e Zn(CN)2 per liter x 0.235 = 1b per ton 

zn(CN)2 
mmole/l 

0 

0.0873 

0.4465 

3.0362 

6.0724 
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Conclusions 

Discussi on 

1. The presence of zinc cJanide in the solution is 

detrimental to precipitation, becoming considerable 

when the concentzation of zinc cyanide increases. 

2. The "free It cyanide readi ng is 1 owere d by pre cipi ta ti on. 
-

3. "Protective" alkalinity behaves erratically; it is 

sometimes lowered and sometimes raised by precipita

tion. 

40 The pH of the solution is lowered slightly by pre-

cipitation. 

5. The amount of zinc dissolved is influenced by the 

quant i ty of zinc cyan ide in s olut ion. 'Nhen c onsider

able amounts of zinc cyanide are present very little 

en: the zinc addedfbr precipitation is dissolved. 

When zinc cyanide is added to an alkaline f301ution zinc 

hydroxide is precipitated, but is dissolved if cyanide is present 

in excess. This is discussed more thoroughly in Appendix Il page 99 

where the method of preparing zinc cyanide is given. 

It will suffice here to say that contrary to the 

precipitate formed by the addition of a lead salt to a soluble 

sulphide, the precipitate formed by the addition of zinc cyanide 

to an alkaline solution does not occlude gold whatever. 



-73-

o Tes1is 

In these tests the effect of temperature was studied. 

The results are shown in Table 0 and Graph O. 

Test 
No 

0-1 

0-2 

0-3 

"CN" 
mmo1e/1 

bef. aft. 

3.2 3.2 

TA.BLE 0 

"CaD" pH 
mmole/1 

bef. aft. bef. aft. 

5.00 4.7 11.5 11.5 

4.95 3.7 11.6 11.6 

5.00 3.8 11.5 11.6 

Zn 
dissolved 
mmo1e/1 

0.3775 

0.5285 

0.5285 

Recovery 
per cent 

97.80 

98.85 

98.90 

Temp 
oC 

7 

20 

37 

Conclusions 

1. Precipitation is influenced by temper~ture. 

2. Beyond a certain temperature t about 20°0, the 

influence of temperature is less marked tban it 

is belOW. 

3. Within the limits of the tests neither the nfraa" 

cyanide nor the pH is influenced by temperature. 

4. The amount of zinc diBsolved is less at lower tem

perature
t 

but is not increased perceptibly by a 

rise of temperature. 
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Discussion 

We see by these tests that the influence of temISra

ture on precipitation is more marked at temperatures lower 

than 20 00 than at higher. The importance of this statement is 

evident in countries where seasonal variations in temperature 

are marked: recovery would aecrease during the winter while it 

would not increase materially during warm weather. 
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P Tests 

These tests were run to determine the influence of 

the gold content of the solution on recovery. The zinc content 

was varied in proportion to the gold content, i.e. the zinc

gold ratio was kept constant. 

The results obtained are shown in Table P and Graph P. 

Test 
No 

"CNn 
mrnole /1 

~\.BLE P 

"CaO" 
mmole/l 

pH 

bef. aft. bef. aft. bef. aft. 

P-l 3.3 3.3 

P-2 3.2 3.1 

P-3 3.3 2.3 

4.84 4.60 11.5 11.5 

4.95 3.7 11.6 11.6 

4.95 3.69 11.5 11.2 

zn 
dissolved 
mmole/l 

.4530 

.6363 

.6795 

Note: Mmole Au per liter x 6.31 = oz per ton. 

Conclusi ons 

::1ecovery 
per cent 

95.90 

98.85 

99.50 

A.U 
mmole/l 

0.02615 

0.040 

0.0678 

The recovery increases with the concentration of the 

gold in the solution. 

Discussion 

At first sight it might be believed that the increased 

recovery is due to the fact that in calculating the recovery the 
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denominator is greater, thus: (Heads - Tails) x 100 = per cent 
Heads 

recovery. Actually, however, the barren solution resulting from 

the precipitation of the high gold solution, had lower values 

than the others, showing tba t the precipita. tiOD is reJ.lly en

hanced by the presence of more gold. 
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R Tests 

In these tests the molecular zinc-gold ratio was 

changed and the effect on precipitation was observed. 

The results are shown in Table R and Graph R. 

Test "eN" 
No mmole/l 

bef. aft. 

R-1 3.3 3.2 

R-2 3.2 3.1 

C oncl usi ons 

TA..BLE R 

"CaO" 
IllInOle/l 

bef. aft. 

pH 

be f. aft. 

5.00 1.79 11.5 11.4 

4.95 3.7 11.6 11.6 

5.00 5.10 11.5 11.6 

Zn 
dissol ved 
mmole/l 

.3775 

.5363 

.6040 

~~ec overy 11mole 
per cent Zn-A u 

Ra. ti 0 

94.50 50:1 

98.85 100:1 

98.75 200:1 

1. Recovery is influenced by the molecular zinc-gold 

ratio. If the ratio is less than 100:1 recovery 

will be less, while a ratio greater than 100:1 does 

not have a marked influence. 

2. The "free" cyanide titration after precipitation is 

deoreased as the ratio is increased. 

3. The "proteotive" alkalinity is deoreasei by preci

pitation with a low iinc-gold ratio, and it is in

creased for a high ratio. 
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4. The pH during precipitation is uncr~nged whether 

a high or a low ratio is used. 

5. The zinc consumption inceeases with the ratio 

employed. 

The conclusions reached by these tests do not mean that 

it requires 260 g. of zinc to precipit~te 8 of gold. It means 

that the amount of zinc in contact with the gold solution at any 

given time Should be in the molecular ratio of 100 to 1 if good 

precipitation is to result. This contact with a large excess of 

zinc 1s obtained by the use of pressure filters where the solu

tion is forced through a thickness of zinc dust. 
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S and T Tests 

The S tests were made to determine what results would 

be obtained by treating a lime-free solution containing the 

"impuri ties" present in tests (H), (I) t (J), (K), (L), (M) a.nd 

(N) • 

The procedure followed was to add the same amount of 

impurity to a lime-free solution as had been added to a solution 

containing lime. Thus, for 3-3 say, the same quantity of sodium 

th10sulphate was added as had been used for K-4, and so on. 

The same procedure was followed for the (T) tests 

except that the pH of the solution was brought up by mean of 

caustic soda to the value it had when lime was present. The (T) 

tests are therefore strictly comparable with the (H), (I), (J), 

(K), (L), (M) and (N) tests since the only variable obtaining is 

the substitution of NaOH for CaO. 

The recoveries obtained under these various conditions 

are shown in Table S-T. 



Test 
Nos 

S-l 
T-1 

S ... 2 
T-2 

8-3 
T-3 

S ... 4 
T-4 

8'-5 
T-5 

5 ... 6 
T-6 

8'-7 
T-7 

"Impurity" 
added _ 

Sulphide 

Sulphite 

Thiosulphate 

Sulphate 

Thiocya.nate 

Ferrocyanide 

Zinc cyanide 

TABLE S-T 

Corresponds 
to 

H-3 

1-4 

K-4 

J-4 

L-4 

M-4 

N-3 
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Recovery - per cent 

with lime no lime with BaOH 

54.70 20.10 7.92 

97.60 96.20 98.3 

98.85 94.35 98.3 

98.10 94.35 95.10 

98.95 93.20 95.00 

96.90 90.25 95.70 

98.45 93.15 98.30 

Con c1 usi ons 

1. Lime is a better activator of precipitation than 

oaustio soda, except in the oas-e where su1p~1 te is 

presento 

2. In all cases reo overy 1s improved by the presence 

of an alkali, whether the alkali is lime or s Ddt um 

hydroxide. 
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3. In the case of sulphide the ~'esence of sodium 

hydroxide lowers the recovery, while lime tends to 

diminiSh the injurious effects of the sulphide. 

4. When zinc cyanide is present there is only a slight 

difference in the recoveries obtained with lime or 

with caustic soda present in the solution. 
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U Tests 

The solution used for these tests was a cyanide 

solution which had been used to dissolve gold from a rich gold 

ore. The solution had been kept in an iron tank for some years r 

so that some iron had been introduced into the solution, possibly 

in the form of ferrocyanide. The solution also contained copper 

to the Gxtent of 0.005 per cent, titrated 1.0 mmole per liter 

free cyanide (0.1 lb per ton), 2 mmole CaO per liter (0.22 lb per 

ton) and had a pH of 10.7. The gold content was 0.887 oz per ton 

of solution. 

Three tests were made on this solution; the first 

with the solution as shown above; the second, after increasing 

the cyanide and the lime content of the solution to 0.32 and 

0.56 lb per ton respectively; and the third by precipit~ting 

out some of the impurities by lead nitrate, filtering, and 

correoting the cyanide and lime concentrations to the same a

mounts mentioned previously. Zina in sufficient amount produce 

a Zn~u ratio of 100:1 was added. The solutions were deaerated 

by the vacuum method. 

The results obtained are shown in Table U. 
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TA.BLE U 

Test nONn "CaOn pH Recovery 
NO lb/t v lb/t ._ per cent 

U-l 0.1 0.22 10.7 35.2 

U-2 0.32 0.56 11.5 98.7 

U-3 0.32 0.56 11.5 98.9 

These results show in a convincing manner the impor

tance of having a sufficient amount of free cyanide and lime 

in the solution if good precipitation is to be attained. 

An interesting fact was brought forth by test U-3. 

The precipitate resulting from the lead nitrate treatment 

adsorbed an appreciable quantity of gold, about 0.001 oz per 

ton of solution treated by lead salt. This means that should 

such conditions be met with in practice and if the lead salt 

is added ahead of the clarifying filters, for every 1000 tons 

of solution treated one ounce of gold is lost. 
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V Tests 

In these tests, the influence of the time of contact 

was studied. The Merrill method. of chemioal deoxydation ca.s' 

described on page 41 was used because it gave a better control 

over the time of contact than did the evacuation method. 

Test 
No 

V-l 

V-2 

V-3 

V-4· 

The results are shown in Table V and Graph V. 

"ON" 
mIDole/1 

TA.BLE V 

"CaO" 
mmole!l 

bef. aft. bef. a.ft. 

3.3 3.3 4.74 3.9 

3.3 3.05 4.74 4.6 

3.3 3.0 4.74 4.65 

3.3 2.8 4.74 4.85 

pH 

bef. aft. 

11.5 11.5 

11.5 11.7 

11.5 11.6 

11.5 11.6 

Zn 
dissolves 

mmole/1 

0.227 

0.3775 

0.453 

0.903 

Reoovery Time 
per cent min. 

98.0 

98.65 

98.85 

98.85 

5 

15 

30 

60 

Conolusions 

1. A certain time of contact between the zinc and the 

solution is essential to good precipitation. 

2. The maximum is attained in a.bout 30 minutes a.nd any 

longer period only results in greater zinc oonsump

tion, without any inorease of recovery. 
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In prac~ise, where filter presses are used, conclu

sion 2 would not be applicable. With filter presses the solu

tion is forced into intimate contact with the zinc so that 
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less time is required to precipitate the gold. When the zinc 

dust is added loosely in the solution - as was the case for all 

these tests - about half an hour is necessary before complete 

precipitation takes place. 
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General Conclusions 

1. With pure gold cyanide solutions the best recovery is 

attained when the "free" cyanide content is 3.2 rnmo1es per 

liter (0.31 Ib per ton) whether or not lime is dissolved 

in the solution. 

2. The pH, or total alkalinity, o£ the solution has a marked 

influence on precipitation, a pH of about 11.6 giving the 

maximum recovery. 

3. Alkalinity produced with lime gives, generally, a higher 

recovery than that produced by sodium hydroxide, and the 

quantity of lime giving the best recovery is about 5 mmol~ 

per liter (0.56 1b per ton). 

4. When sulphite is present better precipitatimn is obtained 

with sodium hydroxide dissolved in the solution than with 

lime. 

5. Sulphide, sulphite, sulphate, thiosulphate, ferrocyanide 

and zinc cyanide, when present in the solution, lower 

the recovery. Of these, the sulphide is the most detri

mental. On the other hand, thioc:yanate, in small amounts 

improves recovery. 

6. A. lead salt, in small amounts, improves precipitation; 

when an excess is present, however, precipitation is 

retaried. 

7. The conoentration of gold in a solution influences the 

extent of precipi tati on·; the higher the gold content of 
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solution the better the recovery, all other things being 

equal. 

8. The amount of zinc added to the solution is important. 

A molecular ratio of zinc to gold if less than 100 to 1 

lowers the recovery. 

9. The recovery is lowered if the temperature of the solution 

falls below 20°0. 

10. ~Vhen foreign substances are removed from a solution by 

precipit~tion with a lead salt, the precipitate so formed 

may occlude or adsorb gold. When such conditions obtain 

it is bad practise to add the lead salt before the cla

rifying leaves. 

11. The alkalinity is not always increased by precipitation. -
12. Leihig's method of determining "free" cyanide is unrelia

ble when zinc is present in the solution. 

13. C1annell's method of determining "protective" alkalinity, 

with or without Green's modification, is unreliable in tIe 

presence of zinc. 

14. "Protective t1 alkalinity does not give a good picture of 

the conditions obtaining during precipitation; a much 

more reliable measurement is the pH. 



APPENDIX I - PREP~RaTION OF SOLUTIONS 

1. The Preparation of Pure NaCN solution 

A stook solution was prepared by bubbling HeN gas 

through distilled water in which a definite quantity of 

Merck C.P. NaOH (98 per cent) was dissolved, the HeN being 

:produced by the action of 1:1 H2S04 on Merok NaCN balls 
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96 per oent pure. The gas was water washed before passing to the 

distilled water. From time to time samples we're removed and 

titrated for cyanide by silver nitrate until the quantity of 

NaCN shown by the titration increased when caustic soda was 

added to the sample. This showed that a.n exce3~Jf ~IClJ was dis

solved in the solution. The bubbling of HeN was stopred. 

Small pellets of NaOH were added one at a time to 

the solution, a sample being tested after each addition, until 

the addition of more caustio soda to the sample did not change 

the titration. This indioated that all the excess HeN had been 
, 

changed to NaCN. 

The solution was not alkaline to phenolphtalein 

thereby indicating t~t an extremely slight excess, if any, of 

caustic was present in the solution. 

About four liters of solution titrating 82.04 Ib 

per ton or 41.02 g. per liter were prepared. 
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From this stock solution dilute solution contain

ing 0.1 millimoles NaCN per mI. and 0.04 millimoles of gold 

per liter were prepared by adding distilled water to 119.5 ml. 

of stock NaCN solution and 14.22 rol. of stock gold solution 

to form a liter of NaCN-A.u solution. A solution made up in 

this manner permitted to vary the cyanide content at will with

out changing the gold content of the working solution. 

Each new lot of solution prepared was assayed for 

gold and any variations notei were taken into account. 

2. The Preparation of Pure AuNa(CN)2 Solution: 

Pure gold was dissolved in a pure solution of sodium 

cyanide, by passing lime-washed air through the solution, a 

slight excess of oyanide over that theoretically required being 

present. 

Highly purified gold was prep3.red by a modification 

of the KrUss pro cess a.s follows (46): A gold bead weighing 

approximately 3 grams was inquarted with a.bout 12 grams of sil

ver and ~ted with nitric acid after being rolled out into a 

thin sheet in a manner similar to that employed for bullion 

assaying. The resulting cornet gold was then dissolved in about 

7 parts of warm aqua regia made up in the following proportions 

(47): 200 ml. of concentrated hydrochloric acid, 45 ml. of oon

oentrated nitric acid and 245 ml. of water. ~he gold dissolved 



readily in this mixture, the whole going into solution in 

about five minutes. According to E.Priwazuick the reaction 

which takes place is as follows: 
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The gold solution was then transferred to a por

celain evaporating dish and the solution evaporated dovm slowly 

with repeated addition of HOl to a thick syrupy consistency. 

The traces of silver left in the gold gradually dropped down 

in the form of the chloride as evaporation proceeded and the 

solution assumed a deep red color as the concentr~tion of 

HluC14 increased. 

The syrup was then poured in a thin stream into a 

large glass vessel of distilled water and a solution of about 

1 ~ of gold per 20 mI. of water was made in this way. The 

solution was left to settle for five days, and was then filter

ed. The filtrate was then diluted with distilled water to about 

500 mlo The gold chloride solution was heated to a moderate 

temperature and oxalic acid was added to precipitate the gold. 

The gold precipitated slowly in the form of a scum which floated 

on top of the liqu.id. After three days the scum had settled to 

the bottom of the vessel. The acid solution was then decanted 

off and the gold was washed repe.tedly with cold and then ~rm 

distilled water. 
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The gold was again dissolved in aqua regia and sub

mitted to the same treatment as before except that, instead 

of adding oxalic acid, zinc dust was used as precipitant. The 

gold precipitated in the form of small spongy granules which 

quiokly settled. The solution was deoanted off and the gold 

was washed in warm dilute then strong HOI to remove the excess 

zino. Fina.lly it was washed thoro.ughly with warm distilled water. 

Four liters of gold cyanide solution assaying 

17.49 oz. per ton or 0.5546 g. per liter and titrating 0.3 g. 

NaCN per liter were made up and were used as stock solution. 

From this sto~k solution working solutions of a gold 

content of 0.04 romol per liter or 0.2524 oz. per ton were made 

up in lots of 16 liters. 

After dilution the free cyanide was, theoretioally, 

0.0085 1b Na.CN per ton, an amount impossible to titrate by 

Leibig's method, and the working solutions were considered as 

being exempt of free cyanide from this souroe. 

Each new lot if 16 liters prepared was sampled and 

assa.yed for gold a.s a check and any variation was taken int 0 

a.coount in the calculations. 

It may be said that the variations were very small. 

All told, eight lots were prepared and assayed with the follOW

ing results, 17 1/2A.T. of solution being the size of the 

sample in every case: 
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Lot No A.u 
OZ/T 

1 0.2520 
2 0.2522 
3 0.2530 
4 0.2524 
5 0.2528 
6 0.2524 
7 0.2526 
8 0.2526 

3. Preparation of Lime Solution. 

A saturated solution of Shawinigan slacked lime at 

60 per cent available CaO was prepared and allowed to settle. 

Clean solution in lots of four liters were taken from this 

stock solution and filtered. 

stock gold solution in the proportion of 14.22 ml. 

per 985.78 ml. of lime water was then added and the solution 

was titrated for lime by oxalio aoid. 

By making up the lime solution in the manner indi

cated - adding 14.22 ml. of stock solution to a volumetric 

flaSk and diluting to the 1 liter mark with lime water - it 

was possible to vary the CaO oontent as desired by adding 

definite amounts of ll~e solution to the working solutions 

without producing any change in the gold concentration. Ob

viously. since the gold contant of the lime solution is the 

same as tha.t of the working solut i on, any volume of the former 

can be added to the latter without ohanging the gold oontent 

of the working solution. 
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This method was adhered to in the preparation of 

all the solutions used. 

As with all the solutions a gold assay was run on 

a sample of each b~tch prepared and any divergence from the 

calculated value was duly taken into account in the computations. 

4. Preparation of Zino Cyanide Solution 

Zinc cyanide was prepared by adding drop by drop a 

strong solution of sodium cyanide to a saturated solution of 

zinc sulphate until no more precipitation took place. The white 

fowdery precipitate formed was allowed to settle and was washed 

thoroughly wi th distilled water. Dilute cyanide was theon' added 

but not enough to dissolve all the precipitate. The solution 

was then filtered-and the clear solution was assayed for zinc~ 

The Zn(CN)2 content w~s calculated on this h~sis. 

5. Othar Solutions: 

All other: soluti ons, tha. t is, those containing the 

ttimpuri ties" which were added to the pure gold solution t were 

prepared from Merck's C.P. reagents. A definite aIDJunt was dis

solved per volume of solution and on this basis the amount of 

"impurity" added to the pure gold c~nide solutions was cal-

culated. 
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As before, the reagents were dissolved in distilled 

water containing the required amount of stock gold solution to 

bring the gold content of the solution to that obtaining in the 

working solution i.e., any amount of "impurity" could be added 

without changing the amount of gold per liter of working solu-

tion. 

solutions of the following reagents were prepared as 

indicated above: Na2S, Na2S03. Na2S04, Na2S203, NaCNS, and 

N&4Fe (CN)6· 

It should be noted tmt all these compounds are sodium 

compounds so that in eaCh case only one factor was changed since 

the gold solvent used was itself a sodium salt, NaCN. Thus, when 

Na2S04. ~s added the only new factor introduced is the presence 

of 504 -- ions in the s olut i on, and soon. 
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llPPEGIX II - MIDTHODS OF ANALYSIS EMPLOYED. 

1. Assaying of Gold Solutions 

Two methods were used: (a) evaporation in a lead boat; 

tb) a modification of the Chiddey method. 

(a) The Evaporation Method. 

The method consists of evaporating a definit e volume 

of solution in a lead boat, scorifying when necessary, and 

ooupelling. 

This method, which is undoubtedly the most accu~ate, 

was used for high gold solutions. 

(b) MOdified Chid dey MethOd 

This method was used for ba.rren soluti ons. 

The procedure is as follows: 

The solution is added to a beaker of convenient size 

and heated to near the boiling point. 

Add 5 ml. concentrated HOI (For 20 A.T. or more add 

10 ml. conoentr.ated HOI). 

Add 20 mI. of a 20-percent solution of lead acetate 

made with suffioient acetic aoid to prevent hydrolysis. Heat 

to simmering. 
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Place in the mixture a strip of a~uminium ( 1/8 in. 

by 1/2 in. by 6 to 8 in. long). 

heat. 

Digest for 30 minutes, keeping solution at simmering 

Add 25 ml. of H01. 

Form ball with lead sponge. Let digest 15 minutes more. 

With olean solutions the lead sponge will form in one 

mass while with foul solutions the lead sponge will be more gra

nular. 

Deoant through a oone filter using a fast filter paper. 

With the fin~rs press the l~d sponge into the bottom of the 

paper oone. Add silver for parting. 

Remove the filter paper and cut off the oone just 

ab ove the rna. ss of lead. 

Place the lead and paper on a pieoe of lead foil and 

dry thoroughly. 

W~p the foil about the sponge and cupel. 

The sponge oan be oupelled direotly if oare is taken 

to remove a.s much of the filter paper as possible. 

The method is fairly rapid and very convenient in 

that little attention is required. Unlike the original Ohiddey 

method the sponge does not break up-if left too long in the 

hot solution t a.nd there is no danger of "spitting tt during oou

pel1at1on due to undissolved zinc. 
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It is very accurate for dilute or barren solutions 

but a little low for high gold solutions. 

In the latter case, however, the solution can be 

submitted to two successive treatments when a fairly high degree 

of acouracy can be attained, as shown by the following test: 

200 mI. of a high gold solution gave, by e~~poration, 

a parted bead of 5.97 mg. The same quantity of the solution was 

assayed twice by the method described above. The results obtained 

were: 

Parted bead from first treatment = 5.960 mg. 

Parted bead from second treatment = 0.005 mg. 

Total 5.965 mg. 

Error 0.085 IS. r cent 

The presence of foreign compounds, even in rather 

large quantities, does not seem to offset the results so long 

as sufficient hydrochloric acid is added to attack the aluminium. 

A 500 ml. VOlumetric flask was remarked to hold 

17.5 A.T. and this was the amount used for all barren solution 

de termina. ti ons. 

2. Zinc Ana-llsis. 

The zinc in solution was determined in the following 

manner: 
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200 ml. of the filtered barren solution were placed 

in a Low t1coppern flask, about 10 mI. of concentra.ted sulphuric 

acid were added and the whole was taken to dryness. 

The residua was dissolved in warm water, three grams 

of ammonium chloride and~out two ml.~ of ammonia being added. 

The solution was warmed, filtered and the precipitate, if any, 

was washed with weak ammonia solution. 

The filtrate was acidified with strong HOI, 3 mI. 

being added in excess. 

The zinc was then titra.ted with a standard solution 

of potassium ferrocyanide using uranium nitr~te as exterior 

indica. tor. 

3. "Free" Cyanide Determine. t i on 

The "free" cyanide was determined by Liebig's method 

using silver nitrate and potassium iodide as indicators. 

The reactions are as follows: 

Ag1i~3 + KI : A.gI i- KN03 ............ • • • •• (1) 

A.gI 1- 2NaCN = KI + Na.A.g( ON) 2 ••• • ••••• • • •• (2) 

A standard solution containing 0.85 g. of pure silver 

nitra.te per liter wa.s prepared. Therefore, on a 10 mI. sample, 
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each ml. of sta.ndard soluti on used was e(';u8.1 to 1 mmole NaCN 

per Ii ter. 

The method is far from ideal or acct~ate when zinc 

is present in the solution. 

A.n a"ttempt was md.e to titrate the "free" cyanide 

content of the zinc c~nide solution prepared for the (N) tests 

by the Liebig's method, but the results obtained. are unreliable. 

on the basis of the zinc content the solution contain

ed 10.25 g. Zn(CN)2 per liter or 0.09 moles pe,r liter. on the 

lasis of Liebig' s cyanide titra. ti on the "free" cyanide c on tent 

was 4.615 g. NaCN per liter or 0.094 moles per liter. ~ccording 

to these determinations, then, the proportion of zn to ON in 

the solution is almost exactly 1:1, that is the formula of the 

zinc-cyanide compound would be ZnCN ~nd not zn(CN)2. 

We oan explain these peculiar results by assuring that 

the Zn(CN)2 is partly ionized thus: 

and that the silver nitrate titration indicates only the ionized 

or "free" ON. 

The above theory is given same credence by the fact 

that the "frea" cyanide content increases with increased dilu

tion of the zinc cyanide solution as shown by the following 

series of tests. 



Dilution 

5:1 
10:1 
50:1 

100:1 

mmoles/l 
"free"CN 

51.1 
56.5 
74.8 
91.0 
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It is also possible, that other compounds are formed 

between zinc and cyanide such as Zb(CN)3, Zn(CN)4, etc., each of 

which may be totally or slightly dissociated according to the 

diluti on. Furthermore, in a.n alkaline soluti on zinc hydroxide 

is formed, and this will, obviously, influence the results. 

Woolf (49) noted that when zinc is present in alkaline 

c~nide solution the amount of free alkali in solution will 

influence the "free" c~nide titration: the higher the free 801-

kall the more nearly the "free n cyanide ti tra ti on will approach 

the total cyanide, until, if free alkali is h~gh enough, the 

two titrations will coincide. 
\ 

This is undoubtedly due to the decomposition of Zn(CN)2 

or similar compounds, by NaOH. 

Smith (51) also mentions that lime decomposes Zn(CN)2' 

resulting from precipitation, wi th liberation of "free" cyanide, 

and according to Robertson (14) alkaline Na2zn(CN)4 ((zn(CN)2 

dissolved in NaOH) is "a rea.dy and praoticable solvent for gold". 

When zinc is present in the solution conductometric 

methods of analysis should be used if accurate results are 

desired. 
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4. "Protective" Alkalini ty Determination 

The method used was Clennell's (53) as mOdified by 

Green (54). when zinc 1s present in the solution. 

The standard solution used was prepared by dissolving 

pure oxalic acid in distilled water in such proportion that 

each cubic centimeter of solution used corresponded to 1 mmol 

CaO per liter when a 10 mI. sample was taken. 

5 ml. of a 5 per cent solution of potassium ferrocyanide 

was added to the sample before titration when zinc was present. 

An alcoholic solution of phenolphthalein was used as 

indicator. 

5. Determination of pH 

This was determined by a Beckman pH meter; the readings 

were corrected for sodium ion effect. 

6. Determination of OXygen 

It has been shown by Tromp and Schilz (55) that cyanide 

alone does not interfere with oxygen determination by Winkler's 

method (56) although the presence of common impurities found in 
. 

mill solutions render the method worthless. 
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As the oxygen determination made during this investi

gation were on pure cyanide solution, Winkler's method ~s used. 

It is much more convenient and less tedious than the hydrosul

phite method put forward by Weinig and Bowen (57). 

Winkler's method is based on the fact that oxygen 

reacts with manganese hydroxide to form manganous acid: 

The amount of oxygen taken up is determined idiome

trically by adding hydrochloric acid and potassium iodide to 

the manganous acid, the following reactions t~king place: 

H~03 T 4HOI = Mn012 1'- 2H20 -t- 012 

2KI -t- C12 = 2KC1 + 12 

The liberated iodine is titrated \nth standard sodium 

thiosulph":l. te soluti on ~ using starch indicator. 

The thiosulphate solution, made up approximately one 

tenth normal, was standardized against air-saturated solution 

made by bubbling air throu~l w~ter for about half an hour, and 

the amount of oxygen dissolved was determined by means of a 

pressure-temperature chart (57) or by the use of tables set up 

for the pu~ose (58). 



-103-

The reagents required are: an approxim~tely 4N. 

MnC12 solution, a 35 per cent NaOH solution containing 10 per 

oent KI, a standard Na2S203 solution; and staroh solution. 

The procedure used was as follows: 

A. na.rrow-necked fla.sk of over 250 mI. cap3.ci ty -

a Low "copper" flask is convenient - was marked on the lower 

P3-rt of the neok to hold exactly 250 mI. when a few light 

glass beads are placed in the fla.sk. The gla.ss beads permit 

easy stirring of the solution. 

A portion of the solution to be tewted was poured 

with care into the flask, stirred gently in the flask and 

was rejected. The flask was then filled tothe mark with a second 

portion of the solution and corked with a punctured rubber stopper. 

By means of a long thin pipette passed through the 

snall hole in the cork and reaohing to the bottom of the fask t 

1 mI. of alkaline pot~ssium iodide solution ~s introduced into 

the solution, and irmnediately afterwards 1 mI. manganese chlori

de. The flask was shaken and allowed to stand till the precipi

tate settled. Then, again by meaDS of a long pipette, about 

3 rol. of concentrated hydrochloric acid were introduoed and the 

oontents of the flask onoe more shaken. 

The precipitate dissolved readily with the libera-

tion of iodine whioh is titrated in the usual way. 

The use of a. long neoked flask reduces to a minimum 

the alsorbtion of oxygen from the atmosphere and obviates the 
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the necessity of an oil or parafine cover over the solution. 

Tests made by the writer showed that an evacuated solution could 

stand in the flask at least fifteen minutes without appreciable 

adsorbtion of oxygen. 
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