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INTRODUCTION

The cyanide process as actually applied to the extrac-
tion of gold and silver from their ores is generally considered
t0 have originated with British Patent nos. 14,174, Oct. 19,
1887, and 10,223, July 14, 1888, issued to J.S.Maciuthur, R.W,.
Forrest and /. Forrest.

The first patent emphasized the efficiency of cyanide
a8 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, " such 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 alkalims and, which is perhaps more im-
portant, to the use of zine "in a state of fine division" as a
precipitant for the noble metals dissolved in cyanide solutions.

Previous to thls, 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 precipitation of these metals therefrom,

In 1840 Elkington (1) obtained a patent for a method
of electroplating gold by using as electrolyte 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 cyanide solutions but



also - and this probably did not occur to the patentee = a
means 0f recovering the gold from the solution by electro=
deposition,

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 dlssolution 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,
KAu(CN)Z.

The same year i.P.Price (30) obtained a patent in
Great Britain for precipitating gold and silver from solutions
resulting from the treatment of ores by agitating the solution
in contact with zince in a fine state of division. It seems doubt=
ful, however, if Price had in mind the precipitation of gold and
gilver from cyanide solutiohs. Moreover, previous to this, during
the years 1862-4 (30), it had been pointed out that granular zine
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
on metals, and in the case of gold proposed an equation which

has since been known as Elsner's Equation:

4 Au + BKCN + Og + 2H0 = 4KAu(CN)pg + 4KOH

oxygen, or its equivalent, forming an integral part of the reaction
and being absolutely Hecessary for it to proceed. In the case of
g8llver and of cadmium 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-
cial 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 %o

have been bhoth dubious and shortlived.



Skey in 1875 (11) made some observations in connection
with the use of cyanide as an ald to barrel amalgamtion 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 rassing the
fluid coming from the barrels over copper plates. The copper
being electropositive to gold and silver in cyanide solutions
would precipitate these: métals.

In 1877 Dixon (10) reported the results of some experi;
ments on the solution of gold in potassium cyanide and ferrocyanide
golution 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 precipitated
by means of copper.

In 1885 Simpson and Parnell (7) were issued a patent
for a process using solutions of potassium cyanide, ammonium
carbonate and sodium chloride for the treatment of crushed gold
ores. 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 MacArthur-
Porrest patents were granted.

Ma.cdrthur stumbled upon the cynide process quite acci;
dentally (8). In 1886 he had treated ores with a solution of po=-

tassium cyanide and had attempted ro precipitate any dissolved



gold by means of hydrogen sulphide. When no precipitate formed
he wrongly concluded that no gold had been dissolved by the
cyanides A yoar later, however, he had occasion to attempt to
precipitate gold from a known solution by the same means butb

no reaction took place. It then occured to him that gold might
have been dissolved during the tests of the previous year and
that the hydrogen sulphide had failed to precipitate it, This
proved to be the case, and zinc being electiropositive to gold,
suggested itself as a precipitant, Turnings of zinc were made by
cutting discs on a lathe and these were placed in the solution,

About 1888 Julian, (30) in South Africa, made some
investigations on the dissolution of gold in ores by chlorine,
and by cyanide under high pressure, with subsequent precipitation
by an electric current and sodium amalgam. These investigations
resulted in several patent applications, and for certain oxidized
ores the process appears to have been successful., 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 carrying out his
investigations, Dr. Siemens (30) applied for patents for the ex-
traction of gold and silver from ores by means of cyanide solu-
tiong, with subsequent precipitation by means of an electric
current, using iron anodes and lead cathodes. It proved to be

gsuitable for low-cyanide solutions and was commercially applied

in South Africa in 1893, where it became known as the Siemens-



Halske process (12).

Some time before the introduction of the Siemens-Halke
process, in 1890, Alfred James (9) introduced a system of zinec
extractor boxes of his own invention in South Africa for the
precipitation of gold from cyanide solutions.

The use of lead salt in conjunction with zinc was
patented by Macirthur (1l3) in the early nineties and was first
applied by him with success in the Transvaal about 1894, Mac-
Arthur also proposed the use of zinc wafers for precipitation
at about this time (12).

The lead~zinc couple was not adpoted elsewhere, however,
until 1898 when it was brought forward by Betty (13) and Garter (40)
a8 a substitute for the Siemens-Halske electrolytic process for
the treatment of low=cyanide gold solutions. The use of the
zinc-lead couple was very successful and soon displaced the elec-
trolytic process of precipitation.

The use of aluminium as a precipitant for gold dissolved
in cyanide solutions was patented by Moldenhauer in 1893. (13),
and its use as an electrode for electrolytic precipitation was
proposed by Sherard Cowper=Coles (20) and tried by Jullan in the
game year (31) with but little success. Julian also tried the use
of aluminium in the form of plates and of shavings (3l) as a
substitute for zinc with unsatisfactory results.

B.C. Molloy (32) patented an electrolytic process of
precipitation in 1892. which was a modification of the one pre-

viously proposed by Julian in 1888, It consisted of passing gold



bearing solutions over mercury in which sodium was continuously

deposited by electrolysis. The gold was precipitated on,am amsl-
gamated by, the mercury.(4l). The process was employed for some

months by Dre. A. Simon in 1892;5 (3l) for the treatment of Wit~

watersrand tailings.

In 1895 Pfleger patented a process of electrolytic
precipitation which was applied for a short time in the Transvaal.
A short-circuited eimple cell was formed by having zinc anodes
in alkall or cyanide solution and iron cathodes in the gold
bearing solution, the two solutions being separated by a porous
membrane. The gold was deposited on the iron cathode.

Several other electrolytic methods of precipltating
gold have been suggested, the main difference between these and
the preceeding ones being in the use of dlfferent matgrials for
electrodes. Zinc cathodes were tried by Andreolk (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 precipitaht for gold and
silver was patented in 1894 by Sulman and Pichard (22) and was
first applied by them at the Deloro mine, Ont.y The practige
was t0 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 mechanical agitation and was
allowed to settle. The clear solution was decanted and the

deposit filtered. The process was not very successful; decanta=-



tion losses were high and when just enough zinc was added redise
solution occurred, while if zinc was in excess, zinc eonsumption
became prohibitive.

The same year W.0., Johnston, of San Francisco, obtained
a patent for the use of charcoal as a precipitant of gold from
cyanide solutions although it has been tried some time previously
with 1ndifferent results by W. Actken at the Reefton 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-
plication, a serious objection being that the cyanide solution
had to be acidified for precipitation to take place.

A year later the use of zinc dust was introduced into
the United States by D.C. Jackling at the Delamar-Mercur mine,
Utah, and its use was perfected 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
imme diately on completion of precipitation. This was done by
adding zinc dust to the suction of the pump carrying the preg-
nant solution, leaving the zinec 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-

ance (23). This process attempted to digsolve, by cyanide, and



precipitate, by electrolysis, the gold simultaneously. The pulp
wag agi*aited with cyanide solution in a wat the bottom of which
wa.s made up of copper sheeting, covered with mercury, and acting
as & cathode. The agitator, made of iron, served as anode. Sodium
chloride was added to increase the conductivity of the pulpe. The
gold precipitated on the mercury and was recovered as an amlgan,
Aside from the mercury cathode, the process was very similar %o
the one patent by Rea thirty years previously.

The Pelatan-~Clerici process was the forerunner of many
gimilar schemes for the simultaneous dissolution and precipitation
of gold in aurocyanide solutlions. The Riecken process, first
applied in 1900 in Western Australia, also made use of mercury-
copper cathodes (4l). 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 zinc amalgam were
added to the pan and the agitation continued. The gold 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 1s excluded.

In 1910 Kirkpatrick (13) introduced with success the
use of aluminium dust as a precipitant for argento-cyanide
golutions at the Deloro Smelter, Ont., The system was later
installed at the O'Brien Mine in Cobalt., It was soon after ap;
plied, with modifiéations, at the Nipissing mill by Hamilton (13),
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The Merrill plate-and-frame filter press was first
uged in Mexico in 1911 (9). It had several advantages over
the Bulters filters and its use soon became popular in America
and elsewhere.

Zine 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 zinc alloyed with 3 percent or less of sodium
a8 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 whey, during
the World War 1914-18, thé price of aluminium became excessive.
The silver was precipitated as silver sulphide which was subse-
quently reduced to mefallic 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 thé majdr innovations in zinc pre-
cipitation since that of Merrill in 1897,

The Merrill method of introducing zinc was soon
combined with the Crowe process of oxygen removal, and the use
of this combination was quickly adopted by the gold-milling

industrye.



Chemical methods of oxygen removal have been tried
since the Crowe process (69) but have found no practical appli-
cation due to cost as compared to the Crowe process.

In 1932 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)., 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 relating
thereto has provoked much study and laboratory investigations
by many experimenters such as Elsner (4), Julian and Smart (30),
Bodlaender (66), White (67), Baisky, Swainson and Hedley (61),
and Holmes (68), to mention only a few, one cannot say the same
in regards to precipitation.

It is true that some investigators  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; Gross and Scott (60)
who investigated the efficiency of charcoal precipitation;

White (29) who studied the solubility of zinc shavings in cyanide



solutions; and others.

Operators have also reported from time to time obser-
vations 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
application for the precipitation of gold and silver from
cyanide 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. McBride
who obtained for the author the Harrington Research Fellowship
which made the investigation possible, %o Professor J.U. MacEwan,
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 equipment.
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THE P’ROQESSES OF PRECIPIT.TION

As already mentioned five principal methods of preci-
pitation have been used:

l. Electrolysis

2e Aluminium

3+ Charcoal

4, Sodium sulphide

5. Zinc, a) shavings

b) dust

l. Electrolysis

This process is now of historical interest only and
the principles involved will be discussed later under zinc pre-

cipitation.

£. Alumninium

Aluminium has been used as a substitute for zinec
especially in the precipitation of silver from cyanide solution,
It differs from zinc precipitation in that aluminium does not
replace the precious metals in the cyanogen compound but pro-

vokes complete decomposition with regeneration of the simple

B&lt °

According to Moldenhauer the reaction is:
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6Nad g(CN), + 6NaOH + 241 = 6Ag + 12NaCN + 241(CH)

followed by,
241(0H)z + 2NaCH = NagalgpOs + 4H,0

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

2NaAg(CN)2-r 4Na.OH + 2A1 = 4NaCN+ 21g + NagAlp0O, + H

The presence of caustic soda is essential as can be
seen from the foregoing equations. Furthermore, lime must be
absent or a low-grade precipitate difficult to melt into bul-
lion will result due to the formation of insoluble calcium
aluminate according to the following equation:

NacAls04 + Ca(OH)g = Cabls(y + 2NaOH.

Hamilton, already cited, obviated the difficulties
engendered by the presence of lime by treating the solution

with sodium carbonate before precipitation, the following reac-

tions taking place:

.

Ca(CH), + Nachg = CaCOz + 2Na.OH
CaSQ4 + NapgCOz = CaCOz + NagS0Q4



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

rate even when much silver is present.

3¢ Charcoal

The mechanism whereby gold is precipitated by charcosl
was for a long time obscure. It was suggested at one time that
a galvanic couple was formed, the carbon and the cyanide salt
forming the poles. Iater it was sald that gases occluded in the
pores were responsible for the precipitation, while others
maintained that, although normally electronegative to it, car-
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 0f charcoal as a precipitant was the subject of
study by Gross and Scott (60) and their conclusion was that
the mechanism of precipitation involveg adsorption accompanied
by a chemical change. They consider that a monomolecular layer
of cyanide 1s adsorbed on the charcoal and that for pine charcoal

the chemical reaction is:

2RAU(CN) 5 + Ca(OH)p + 200p = Cfiu(CN)z)p + KHCOZ



while for sugar charcoal the reaction is:

Kau(CN)p + HpO + CO, = HAu(CN)p + KHCOg

The first product of the reaction is adsorbed and the

second goes into solution.

The phenomena c¢an, however, be much more simply explaine
ed by postulating that the charcoal is activated; that 1s, it
carries a positive charge of electricity and that for this reason

it adsorbs the negative aurocyanide ions present in the solution.

NeAu(CN)g ——> Na'+ Au(CN),
C'+ Au(CN)g — E*+ Au(CN)é]

This explains why gold adsorbed by charcoal from a

solution is never metallic gold.

4, Sodium Sulphide

The sodium sulphide process is applicable to silver
ores only as no gold is precipitated by this method.in alkaline
solutions as gold is a member of the arsenlc-tin group. The
gilver is precipitated as silver sulphide with regeneration of
cyanide.

About 0.06 1b of sodium sulphide at 60 per cent purity

is required per troy ounce of silver in solution. The reaction
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i1s as follows:
2NaAg(CN), + NapS = AgeS + 4NaCN

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,

S5e Zinc
a) Shavings

At present, plants using shavings are few and usually
small and are fast disappearing. It is safe to say that today

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

The improvements of Merrill and of Crowe, which have
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 zinc dust, with subsequent separation of the precipi-
tate from the solution by means of filters, the whole operation

taking place without contact with the atmosphere.
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Clarification is accomplished by means of vacuum
clarifying leaves after which the solution is deserated in a
tank under a vacuum of 22 inches of mercury %o an oxygen con-
tent of about 0.5 mg. per liter.

Zinc dust is added by means of a mixing cone so
arranged that no air is introduced with the zinc.

The gold and silver and excess zinc is separated
from the barren solution by means of pressure filters, either
bag or leaf type.

FPiges I illustrates a possible arrangement with the

bag type of filters.
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PHRORKTICAL ASPECTS OF PRECIPITATION 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 %o this theory, the atoms of an electrode
have a tendency to lose electrons 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 hy an hypothetical pressure which Nernst
called the "electrolytic solution pressure, P", and the second
tendency is determined by the effective ion concentration. In
dilute solution the ion concentration is proportional to the
osmotic pressure "p" due to the iloms in the solution (72).

Three conditions are possible:

(1) P>p
The metal will send positively charged ilons 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 difference

of potential will be established between the metal and the solution.



(2) P p
No action will take place, and no difference of potentialk

will built up between the metal and the solution.

(3) P<p

The metallic ions in the solution give up their positive
charges; that 1s, 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.

Prom the precseeding we see that the processes of dis-
solution and deposition are closely allied but act in opposite
directions.

When equilibrium is established, with an electrode
for which P p, the metal is negative to the solution and is
surrounded by a layer of positively charged ions. This layer
of ions on the slectrode is known a8 the Helmholtz "electrical
double layer". It prevents the &ending of more ions into solu-
tion by the metal,

If, however, electrons are withdrawn from the metal
through an electrical circuit, the double layer is ruptured, the
electrolytic solution pressure asserts itself and some lons will
pass from the metal into the solution; that is, the metal will

dissolve and will continue to do so so long as the circult is



-2]-

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 chraged 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 active, and the ions in the
solution will deposit out of solutione. The deposition will continue
a8 long as the circuit is closed and ions remain in solution,

When the electric reaction is reversible, Nernst showed

that

E:RTlnB TR R EEEEEEE R T Y Yy (1)
nf P

where E ; Electrode potential of the metal
R = Ideal gas constant
n = Valency of the metal ion
P = 1 Faraday, or 96,500 coulombs
and the convention used 1s to state the potential difference of the

metal with respects to the solution,

Equation (1) may be written thus:

E:_R_?-lnp-BglnPoooooooooooooooooo.oo. (2)
ng nF



At constant temperature the expression RT/nF = 1ln P

is constant for a given metal, hence

E:Bif_lnpf (constan‘b)................... (5)

=]
£

The equation may be simplified by using common logarithms
and substituting the values for R, and F; furthermore, by taking

the temperature at 18°C, we obtain:

E:EO*0.059 loga B EEEEREEEEEE Y P (4)
n
where a is the active ion concentration. The value of Eg for
monovalent gold is l.5 volts (59).
Gold, in the form of N&Au(CN)z, dissolved in dilute

solutions, ionizes thus,

Nadu(CN), — Au(CN)z + Na* ........ (5)

the long arrow indicating that the lonization 1s almost complets.

The equilibrium constant 1s given by the following

equation,

- [Walx EAu(CN) cecceccnssssnssss (6)
2Adu(CN 2

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

gold and cyanide ions,

Au(CN)'z'f—a AuYF 2(CH)"  veeeeneees (T)

the ionization constant being,

Ep = Bulx [on=]2 =1 x 10728 (71) ...eul. (8)
[ulCN 5]

As the ionization is small Au(CN)s can be made
equa.l to one.
Therefore jAu] x [CNf]z = 10728 . (9)
or [Au*] - 10-2 approximately.
Substituting in equation (4), we have for gold,

E = 1.50 + .059 x =9
1

=+0.97 volts, in reference to the
gtandard 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 cyanide in terms of NaCN;
that is 0.,00098 moles per liter; and gold to the extent of 0.25
ounce of metal to the ton, or 0,000125 moles‘Au(CN); per liter,
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the total concentration of CN= ions in the solution is
(0.000125 x 2+ 0.,00098) 0.00123 moles per liter, or [cNTJ® =
0.123 x 10~2,

Substituting this value in equation (9), we obtain

EAuj x 0,123 x 1072 ; 10=%8  therefore,
[Au] = 81 x 10-27  L.iiiiiiiiiiiiiinnes (10)
The amount of gold present in the solution in the
form of simple gold ions is seen 1o be extremely small.,

Substituting this value in (4), we obtain,

E = 1.50+.059 x log 81 x 10=27
R I
= 1l.50 - 1.6, approx.

un-0,1 volts.,.

That is, the potential electrode of gold is negative
towards the solution at this dilution for a pure gold cyanide
solution.

If gold is to be precipitated from such a solution
the precipitant must have greater electrode potentlial than gold;
that is, in a dilute cyanide solution such as postulated above,
the potential developped must be more than minus O.l volts,

Zine fulfills this condition and, therefore, it will precipitate
gold from the solution if there are no interfering elements,

The mechanism whereby gold is displaced or deposited

from solution is essentially one of electroderosition, and can
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perhaps best be undesstood from the study of the deposition of

copper sulfate from an acid solution by means of zinc.

G
e
Zn B Cu
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

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

the circuit.

Zinc will dissolve and will displace copper ions from

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

.
-!l

fige b

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 zinc in a spongy mass, and the



deposition will continue so long as diffusion of the ioms 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 gold precipitation from dilute cyanide solutions
by zinc.

The chemical change occuring during precipitation of

gold by zine is (13),
BNaAw(CN)2 + 20 = NaoZn(CN)g + 2AU  eevenvenn.. (a)

Reaction also takes place, however, between excess
zine and the cyanide in solution so that parallel with (a) we
have,

4NaCN + Zn + HoO = NapZn(CN)y + 2NaOH + Hp  e..en. (D)

and the over-all reaction is (42),

NeAu(CN)g + 2NaCN + Zn + Hp0 = NapsZn(CN)g+Au+H+NaOH ..(c)
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PREVIOUS WORK ON ZINC PRECIPITATION

White (29) in 1919 performed some experiments on the
golubility of Zn strips in cyanide solutions, with and without
gold present in the solutions. With the following conditions
obtaining: Au = 7.0 mg./1l (.222 0z/T); Oxygen ; 0.75 mg./1;
temperature = 24-279°C, White obtained the results shown in table I,

TABLE I
KCN Na.OH Au pptd Zn Au
Test dissolved recovery Remarks
No 1b/T 1b/T mg. mg/sqem  per cent
24 hrs
A 0.000 0.016 0,00 0.08 0 Zn
only
B 0.420 0.040 1.76 0.68 252 Zn=Pb
couple
couple
D 0.540 0.032 0.56 0.53 8.00 zZn
only
E 0,000 0.096 0.00 0,10 0 zn
only

Note; 1 1b XCN x 0,753 = 1 1b NaCN; 1 1b NaOH x 0.70 = 1 1b CaO.

The conclusions drawn from these results were:
1) No gold is precipitated by zinc in the absehce of free ayanide.,

2) A 2Zn-Pb couple can precipitate gold even in the absence of

free cyanide.



3) Zinc can precipitate 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.

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

6) While the precipitation of gold is increased threefold with
& 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 not strictly comparable.

Robertson (14) found that for good precipitation on
shavings the free cyanide should be in excess of 0,02 per cent
KON (0.4 1b/T KCN or .3 1b/T NaCN) and the protective alkalinity
less than 0.007 per cent NaOH (0.1 1b/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 zine dust has little
effect while the presence 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, etc. or coating of zinc oxide on the zinec.

Julian and Smart (31l) mention reducing agents, such as
sulphides and organic matter, as being detrimental to precipitation.
As a result of experiments they report that NagsS has a profound
effect; even such small quantities as 0,011 1b per ton of solution
reduced efficiency 6.5 per cent, 0,088 1lb by 11 and 0.62 1b by
32 per cent. 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 (HpS0,)
precipitation is "fairly rapid and perfect".

Toombs (17) noted that if calcium sulphate is present
in pregnant solution in amounts that approach the saturation
point (about 4 1b/T) it interfers with precipitation on shavings
due to the fact that it coats the zinec.

Common salt dissolved in pregnant solutions in the
proportion of 5 1b per ton is said by Johnston (45) to improve
precipitation on shavings. Laboratory tests showed improved
recovery of about 4 per cent.

Soluble or colloidal silica is reported by Johnson (18)
to be precipitated by a zinc-lead couple. It is suggested that
the silica is occluded by zinc hydroxide, Zn(QH)g present in the

gsolution and when the latter precipitated it brings down the
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silica. This coats the zinc and affects precipitation adversely.
It is thought that the precipitation of Zn(OH)2 is a result of
"very low cyanide strength” and consequently low pH". Another
factor in bad precipitation is said to be PbSO, 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 MgCOz, 15.36 per cent CaCOz, 1ll.93 per
cent Zn(OH)g, 8.76 per cent Fe,0z and Alp0z, 4.03 per cent insolu-
bles, 3.57 per cent Nazsﬁg, 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 0z) per ton of precipitate.

Newton and Pewster (19) report that with zinc dust and
deaeration the best results are obtained with a free cyanide
content of at least 0.01l7 per cent KCN (0.34 1b/T KCN or 0,256
1b/T NaCN) and about 0,02 per cent CaO (0.4 1b/T). The elimination
of Pb(NOz)2 reduced the zinc consumption to 0.10 1b per ton milled,
while deaeration further reduced the zinec consumption to 0,06 1b
per ton.

On the other hand Shoemaker (32) recommends that if the
ore treated does not contain lead, precipitation is improved by
adding Pb(NOz)g to the extent of 0.002 oz. per tomn.

Scott (33) reports that when gold and silver are
precipitated from a CaJCN)p solution by means of zinc dust the

reagent consumption aré: Zine, 0.045 1b per ton of solution, and

lead acetate, 0,01 1lb,
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The presence of chromtes in pregnant solutions is
reported by Bell (34) to be detrimental to precipitation by
zinc dust owlng to the zine becoming with chromium. All chromium
salts have to be precipitated by a lead salt and removed from
the solution before the gold can be recovered. The precipitated
chromates do not occlude any gold. Because of their relative
positions in the electromotive series it weems highly improbable
that chromium would deposit on the zinc. What probably occurs
1s that the chromates in solution coat the zine, thereby preventing
contact be tween the zinc and the solution,

The addition of starch, 0,0107 1lb per ton milled, and
caustic soda, 0,0053 1b, improved the settlement of silica gel
at the Dome mill (35) and resulted in better gold precipitation
by zine dust,

The effect of temperature is said to be more marked with
weak than with strong solutions, the higher the temperature, within
reasonable limits, the more rapid and complete the precipitation,
Ehrman (36) reports that as much gold can be precipitated by sha-
vings in two hours at 35°C than in twenty-four at 200,

Discussing the practice of precipitation by zine sha;
vings Clennell (40) states that the cyanide strength of the solu-
tion entering the extractor boxes should never be less than 0.2
per cent KCN (4 1b/T KCN or 3 1b 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



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 cyanide 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, a larger excess should be avoided.” |

Dorr (50) in his book; "Cyanidation and Concentration
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 alkall content, of the
solutions, and that substantially complete precipifation can
take place with solutions containing no more than 0,05 1b NaCN
or Ca0 per ton of solution. For silver ores, the cyanide and
allknli 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 accordiﬁg %o Mills an excess of lead salt is to
be avoided because the zinc becomes coated with enough lead, to
retard, or even stop, galvanic action between the zinc and the
golde Also the amount of lead dissolved and precipitated may

cause excessive zinc consumption 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 1f no soluble lead is present in the ore.

Sodium bisulphite is stated to be a precipitant acti;
vator, 0.10 1b being required per ton of solution., The alkalinity
must not be in excess of pH 6.6.

According to the Merrill Company (39) solutions titrat;
ing O.1 1b or more NaCN per ton are readily precipitated and that
successful pfecipitation has been reported with as little as
0,05 1be The cyanide strength, however, should be raised when
copper 1ls present in the solution. The presence of copper 1is sald
to be no more detrimental than to increase the zinc consumption
and lower the grade of precipitate produced when the Merrill-Crowe
process is used. Only enough lime to ensure the solubility of
lead salt as alkali plumbite is necessary while the zinc consupp-
tion is frop 0,02 to 0,06 1b/T, according to the same source.

On the other hand Crowe (44) mentions that precipitation
ig difficult if the solution titrates over 0.1 1b CaQ (protective)
and that the pH of the solution should not be above 8.4 unless
the cyanide strength is at least 0.25 1b NaCN per ton of solution,



APPARATUS A\ ND PROCEDURE

Briefly, the procedure followed was to deaerate omne
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
contact with the solution for a definite time after which the
solution was filtered.

The solution was tested for "free" cyanide, "protective"
alkalinity, pH, and gold before deoxydation, and for "free"
dyanide, "protective™ alkalinity pH, gold and zinc afler preci-
pitation and filtration.

The methods of analysis employed are described in
Appendix II page

Unless otherwise stated the tempersture of the solution
was 20°C. This constancy of temperature was made possible by
performing the experiments in a thermostatically controlled room
designed by Professor Bell,

The "impurities" added were, for the most part, solutions
prepared from Merck C.P. reagents and in the case of the gold cyani-
de 1t was prepared by dissolving refined gold metal in pure cyanide

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

~

page )e
The zinc used was Merillite Zinc Dust and save when

gtated otherwise 4 mmol per liter (or 0.524 1b 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 zine to gold was therefore 100 to 1.

Deoxydation of a solution may be accomplished by
a) Mechanical or Physical means
b) Chemical agentis.
&) Mechanical or Physical Meauns

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 re jected 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 vacuum.

This is the basis of the Crowe process, and was the
method adopted for the ma jority, of the tests reported herewi th,

A laboratory apparatus which would remove air by
submitting a very thin stream of solution to a high vacuum was
designed and is 1llustrated in figures 2 and 3 page 36.

It consists of a glass separatory fumnel (o) of
about 2 1/2 liters capacity fitted with a perforated stopper (a),
and an Erlenmeyer flask (B) of 4 liters capacity, the two being
fitted together by a rubber cork (j).

By. means 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).



Fige 2, Photograph of
funnel (A) and flask (B)
shown in Figo e

Big. 8. DEABGATION AREVWIVY

Fig. 3., Dearation Apparatus.



A glass tubing (g) was passed through the rubber
cork (j) and was joined to the glass tubing going through cork (i)
at the top of the fumnnel by a piece of rubber tubing on which
wa.s attached a pinchcock (D).

The side opening (f£) of the flask was connected to a
vacuum pump (E) by means of heavy rubber tubing, a calcium
chloride tube (D) 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
line permitted the evacuation of the funnel at will, by means
of tubing (F), independently of the Erlenmeyer.

A mercury gage (C), 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 (o), or

both.

(¢), (k), (1), (m), and (n) are pinch cocks whose use
will be apparent presently.

Preliminary tests showed that the size of the nozzle
used was important and that the finer the nozzle the more
perfect the deaeration, However, when the nozzle was exiremely
sme1ll the time required to evacuate the solution became very
long. A test was also performed with a solution heated to 350C
but this did not materially improve deoxydation. The arrangement
finally adopted was to use a fairly small nozzle and to pass the
golution twice through the apparatus with minimum contact 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 reason=-

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

determine the oxygen present in the solution (see Appendix II

pa.ge 101 )o

TABLE II

The results of these tests are shown in Table II

Test Temp. Nozzle Time Oo-mg/1 No of Water
No. ©Oc used req'd times evaporated
min, passed g,
bef, aft.
1 180¢ large 7 9,6 2,15 1 10
2 200¢ very fine- 110 9.7 0.60 1 16
3 219%¢ fine 15 9.0 1.26 1 13
4 350C fine 15 9.0 1.20 1 16
5 209 fine 55 9.1 0,52 2 15

Note: Vacuum for all tests, 29.6 ins. Hg
Volume of solution used, 1000 mi.

follows:

The manner in which the apparatus was used is as

1) The filtered solution - water whife - was placed in (A),

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

ag to shut off (F) which was disconnected from (A) at (c),



30 o

(K) being closed as an added precaution. (b) was closed.

2) The vacuum 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.

3) (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 (1) had been drawn into (B) stopper
| () was closed. With (c) opened to the atmosphere 15 minuted
were required to pass 1000 ml of solution from (A) to (B).

5) Tube (F) was now connected to (i) at (¢), (k) was opened,

(d) was turned so as to shut off (B) and comnect (F) to the
vacuum line. In this way (A) was evacuated.

6) After evacuation (1) was closed and (B) was disconnected
from the vacuum line at (o). (b) was now opened, a minimum
quantity of air was admitted into (B) by opening (1) for a
second or two, and the solution in (B) was forced through (g)
and (h) back into (A).

7) When all the solution had been forced in (A), (b) was closed
ag well as (c¢) and (k). Tube (F) was now disconnected from
(A) at (c)e

8) (1) was opened and air admitted into (B)., Cork (j) was now
removed from (B) and zinc dust was placed in (B).

9) cork (j) was now replaced on (B), the latter was comected
once more to the vacuum line at (o), (d) being turneéd so

a8 to shut off (F) and connect (B)e In this wag (B)was once

more evacuated.
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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 pass through (p)
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

12)

(1) were closed and (B) was disconnected from the system
at (o)e (A) and (B) now formed a separate unit which counld
be removed and shaken in order to mix thoroughly the zinec
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 solution,

The solution was then filtered twice through a Buchner
filter using a No 50 Watman paper for the first filtration
and a No 2 for the second. The second filtration was done
in order to be quite certain that no small particle of

zine would inadvertantly pass infto 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 amd the method of procedure

suggested is as follows (44):



"To 1000 ce. of pregnant solution, add 100 mgs.
sodium hydrosulphite., When dissolved add 100 mgs zine plus
10 per cent Pb(NOg)z. (More zinc if solution contains copper
or silver) and stir gently for 30 minutes. Pilter and assay
filtrate".

The above procedure was modified somewhat by the writer
in that more zinc was added, 4 mmoles per liter o» 0.262 gm.
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 ml, of
water before adding it to the solution. 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,
After the lead had deposited on the zinc, and the zinc had
settled to the bottom of the beaker, the clear solution was
decanted and the zinc added to the gold solution,

This method of conditioning zinec was also employed
when the solution was.evdcuated and, unless mentioned otherwise,
the quantity of lead added was 0.15 mmole per liter. 15 ml,
of water were used to wash the zinc from the beaker into the
flask, 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 removed was therefore

Nnecessary.



Deoxydation by hydrosulphite is very thorough:

tests made by the writer showed only slight traces of oxygen

remaining in the solution after the addition of the reagent.

The method is very attractive in that it is quite

rarid. However, it was felt that the addition of a reagent

might provoke unwanted reaction within the gold solutions which

would influence precipitation in a mammer uncontrolled, 1.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 zinec and the solution.

The influence of the following was investigated:

A: Influence of "Free" Cyanide

Influence
Influence
Influence
Influence
Influence
Influence
Influence
Influence
influence
Influencs
Influence
Influence
Influence

of
af
of
of
of
of
of
of
of
of
of
of
of

"Free" Cyanide with lead salt added
Lead Salt, with cyanide constant
Lime, with cyanide constant

pH greater than 9.0 with NaOH
pH less than 9.0 with HCN

Free Cyanide with lime constant
Sulphide with lime added
sulphite with lime added
Sulphate with lime added
Thiosulphate with lime added
Phiocyanate with lime added
Perrocyanide with lime added
Zinc cyanide with lime added
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Influence
Influence
ing lime
Influence
Influence
Influence

tain pH

of Temperature on a gold solution containing lime

of Gold concentration of cyanide solution containe

of Molecular Zinc-Gold ratio
of H, I, J, K, L, M, and N, without lime
of H, I, J, X, L, M, and N, with NaOH to main-

: Tests on an unknown working cyanide solution

Influence of Time of Contact between the zinc and the gold



A tests

The object of these tests was to determine the influen-
ce of the "free" cyanide content on the precipitation of gold
from a pure gold cyanide solution by zinc alone,.

The results are shown in Table A, and by Graph A,
where the quantities are reported both in mmoles per liter and
1b per ton of solution. The notation "CN" and"Ca0" used in
the table indicates the "free' cyanide™ in terms of sodium cyanide
and the "protective™ alkalinity in terms of calcium oxyde respect-

ively., This notation is followed throughout.

TABLE A
Test "CN" PH Zn
No mmole/1 dissolved Recovery
mmole /1 per cent
bef. aft. bef, aft,
A."'l 0010 0,08 7.2 6.8 001888 15.50
A~2 0320 0,20 8.0 7ed 0.2455 15,30
A=3 0.80 0.50 9¢3 Ge3 0.3775 63420
A=4 1.35 0.75 97 9.9 0.6040 86,80
A=b 3,15 2.00 10,0 10.5 0.8305 89,30
A =6 5.80 4,00 10,05 10,6 1.0570 86,50
A="7 12,60 8,70 10.3 10,9 1.3590 81,00
Note: Mmoles NaCN per liter x 0,098 = 1b per ton
Mmoles Zn per liter x 0,1308 = 1b per ton



Conclusions

1,

2o

Se

4.

Se

6o

Te

B

The recovery 1s influenced by the amount of "free"
cyanide present in the solution,

The recovery reaches a maximum for a "free" cyanide
content of about 3.2 mmoles per liter (0.31 1b NaCN
per ton).

A lack or an excess of "free" cyanide is pre judi- .
cial to recovery, the limits being approximately

not less than 1l.35 mmoles per liter nor more than
580 (0413 to 0.58 1b NaCN per ton respectively).
The presence o0f a large amdunt of cyanide is almost
a8 bad as too little,

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 rer
liter (approx. 0,08 1b NaCN per ton).

Good recovery is, within limits, accompanied by a
rise in the pH of the solution.

The quantity of zinec dissolved increaseg with in-
creased cyanide content, but there is no direct
relationship between the amount of zinc dissolved
and the gold recovery.

The cyanide consumption increases more rapidly

than the zinc consumption, and appears to be a



function of the original cyanide content, being
greater the greater the amount of cyanide present.

originally.

Discussion

In regards to conclusions 1, 2, 3 and 4 these can be
accounted for by electrochemical action as already explained on
pages 19 to 26, the solution pressure of the cyanide partly pre-
venting the gold from being ilonized and.deposited on the zinec

once the cyanide concentrations get above a certain value,

Conclusion 5 is a direct contradiction to a statement
that has become almost axiomtic in the literature, "the alkali-
nity of the solution is always increased during precipitation."
A possible explanation of this divergence may reside in the fact
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 %o obtaine. Also it should be

noted that no lime was present in the solutions.



B Tests

These tests were identical with the A tests except
that the zine 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 1b per ton. All other con-
ditions were the same as in i,

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

TABLE B
Test MCN" PHE n
No mmole/1 dissolved Recovery
bef, aft. Dbef. aft. mmole/l per cent
B"l 1.2 1.0 9.8 lOoO 0455 95.4:
B=2 Jel 2.4 9.9 10.1 «H5285 95,2
B"5 4.1 300 10.0 1000 06795 91?3
B-4 4,8 3¢9 10.0 10.4 «6900 84,52

Conclusions

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

improved precipitation.

2, The mgximum recovery is attained, as in A, at a

cyanide content of about 3,1 mmole NaCH per liter,

or 0.31 1b per ton.



de The recovery is decreased much more than when zine
alone is added if the cyanide content is increased
beyond a certain concentration, 4.8 mmoles or about
047 1b NaCN per tomn.

4, The amount of zinc dissolved is less Wwhen a zinc-
lead couple is used than when zinc alone is added.

b5 The pH or alkalinity of the solution is increased

by precipitation.

Discussion

In regards to finding 3, it would seem tmt the zinc-
lead couple is much more sengitive to cyanide concentrgtion

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 C and Graph Ce

TABLE C
Test "CN" Zn
No mmole/1 pH dissolved Recovery Pb(N)z)s
mmole /1 per cent mmole?l

befe aft. bef. aft.,

A."'5 5.15 2.0 10.0 10.5 08505 8905 0.0

C=6 3.25 2.1 10,0 1l0.2 « 0285 95,1 0.075
B=2 3.1 2.4 9.9 10.1 « 5285 95.2 0.15
C;Z Je2 2e0 9.9 10.3 00280 95.2 0.30
C-3 .2 2.4 9.9 10.1 « 302 64.2 0.60
0;4 5.2 2.5 9.9 9.8 « 302 64.0 4,53

Note: Mmoles Pb(N)z per liter x 0.6625 z 1b per ton.

Conclusions

1. Recovery is improved by the addition of a lead
salt in small quantities.
2. Best results are obtained when the molecular ratio
of zinc to lead is more than 7:1 (about 0.2 1b Pb(NOS)

per ton when 0,523 1lb of zinc is used)



3. The presence of an excess of lead salts retards
precipitation,

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

9. 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

amountse.

Discussion

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 importance
of accurate 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 twofold: first, to form a lead-zinc couple; and
secondly, to precipitate as insoluble compounds 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) ®



D Tests

The object of these tests was to determine the

influence of the guantity of dissolved lime on recovery. Solu-

tions contiining different amounts of dissolved CaQ were preci-

ritated with the results shown in Table D and Graph D.

The quantity of lead salt added was 0.1l5 mmoles per

1itero
TABLE D
Test "CN" "CaQ"
No mmole /1 mmole /1 PH Zn
dissolved Recovery

bef. aft. bef, aft. TDbef. aft. mmole/l per cent
D=0 3.15 2.4 0.0 0.0 10,0 10.1 «5285 95,2
D-1 3.15 2.6 0.15 0.42 10,0 10.45 «5285 95.2
D-2 3.2 2.8 0.48 0.32 10.6 10.6 «5285 95,7
D=3 3.2 3.1 0.95 0.84 11l.0 11l.0 «5285 95,9
D=4 3.2 3.1 4.95 3.7 1ll.6 1l.6 «5363 98.85
D=5 3415 3.1 9.85 8.85 1l.85 11.90 «5663 98,70
D=6 3.2 3.2 17.9 17.8 1l2.1 1ll.6 «612 98,55

Note: Mmole CaO per liter x 0.1122 z 1lb per ton

Conclusions from D tests

cipitation,

1. The presence of lime in the solution improves pre-
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The recovery reaches a maximum at about 5.0 mmoles
Ca0 per liter or 0,5610 1b per ton; the addition

of more lime than this amount reduces the recovery
slightly.

The presence of lime reduces the cyanide consumption,
the latter being least when an excess of lime is
present,

Lime stabilizes the pH of the solution, the alkali;
nity remaining sbout the same after precipitation

as before, except 1f very little lime is present,
when the pH will rise, or when an e Xcess 1s present,
the rH will drop.

The "protective" alkalinity is less after precipita-
tion than before.

The amount of zinc dissolved 1s increased when lime

is added.

These tests show that an alkaline solution is favorable

to precipitation., The discussion of these results will be taken

up again in conjunction with the E and F tests.



E=-F Tests

The (D) tests had shown that lime imgroved 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, then, was to determine the influence of ftre
pH of the solution on redovery.

Caustic soda was used to raise the pH and hydrocyanic
acld was used to lower ity In this manner it was possible %o
vary the pH of the solution from 6.6 to 12,1 while maintaining
the "free" cyanide content between 3.1b and 3.2 mmoles 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, and in

Graphs D and E-=I',



TABLE E-F

"CH" "Cca Q" PH zZn Recovery Reagent
Test mmol/1 mmol/1 dissolved per cent added
No béf. aft. Dbef. aft. vef. aft. mmol/1 ml.
E=2 645 5.4 - - 645 6,7 0.1510 66,00 * 8 HCN
E-1 3.15 2.4 - - 6.6 6.8 04302 77630 4 HCN
E-4 3.2 2.0 - - Be2 8.4 0.3775 95,00 3 HCN
8 NaCN
E-3 3.15 2,35 - - 847 965 0.5285 95,00 2 HCN
16 NaCN
B=2 3elb 2435 - - 3.9 10,1 0.5285 95.2 only NaCN
F=1 2,15 2,3 0.21 0.42 10,1 10.45 00,5285 95,40 0.5 NaOH
F=2 3,20 2.75 1.05 0,63 10.85 10.85 0.5285 95,40 5 NaOH
P=3 3.2 3.1 1.05 1l.42 1l.1 10.9 0.5285 95,55 20 Na.OH
Ped 3.2 3,15 6,05 4.84 11.62 11.95 0.4908 97.20 45 NaOH
F=5 2,2 3,256 7.90 6.95 11,90 1l2.2 0.4530 97.256 65 NaOH
F;ﬁ 2.2 3,25 9,06 8.8 1l2.,1 12.4 0,4530 96480 75 NaOH
Note: 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.,.

HCN solution added was a 8 per cent solution,
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Discussion

The pH of the solution has a mrked influence on
precipitation.

A pPH of less than 8 is unfavorable to precipitation.
A pH of from 1l1l.5 to 1l.9 gives the maximum recovery.
Betwsen pH 8 and 11, the recovery is practically
constant,

A pH produced by lime is better for precipitation
than one obtained by caustic soda.,

Zinc consumption is low at a low pH, increases and
remains constant from pH 8.7 to 1ll.1, and decreases
for a higher pH than 1ll.l.

The cyanide consumption is less at a higher pH than
at a ‘low one,

The '"protective" alkalinity changes erratically
during precipitation when soda is useds At & higher

pH, the alkalinity is reduced by precipitation,

These tests, in conjunction with the D series, demonstra-

te.

that lime is an "activator™ of precipitation, tha

not only does lime 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 cynidation 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.



G Tests

In this series of tests the lime content was maintained
constant at about 5 mmole per liter, or 0,516 1b per ton, and
the NaCN content was varied. The object was to determine the

influence of "free" cyanide when lime is present. Lead salt was

added.

The results are shown in Table G and Graph G.

TABLE G
"CN" "CaO" Zn Recovery
Test mmole /1 mmole/1 PH dissolved per cent
No mmole /1
bef. aft. bef., aft. bef., aft.

G""O 3.2 5.1 4095 507 1106 11.6 005565 98085
G"‘l 6025 5.8 4. 95 407 11055 11.7 008505 97.20
G=2 11.9 11,25 5430 5442 11.55 1ll.65 0,9360 924,20
G=2 1.5 1.3 4,95 3.6 1le6 1l.6 044530 98,2

Conclusion

l. The NaCN concentration necessary to obtain maximum
recovery is unchanged by the presence of lime., With

or without lime it is about 3.2 mmoles per liter.



H Tests

The object of these tests was to determine the
influence of sulphide ion on precipitation.

Merck sodium sulphide was added in increasing amounts
%o the solutions, all other factors remaining constant., The
amount of lead nitrate was, as before, 0.1l5 mmole per liter.

The results are shown in Table H, and Graph H.

TABLE H

"CN" ncaon
Test mmole/l mmole/1 pH Zn Recovery NasS
No dissolved
bef. aft. bef, aft. bef, aft. mmole/l per cent mmole/l

H','l 5.5 3.25 5.26 4.53 1102 11.3 00502 98.5 00021

H;Z Be3 342 543 4,95 11.7 11.35 0.340 97,25 0,062
H;z BeB 3.2 5.37 5426 11.7 11.65 0.453 54470 0.187
H;4 B.3 3.2 5437 4,53 11.7 1l.5 0.226 46.50 0,562
H;5 3.3 3.2 7.69 6,53 11.7 1l.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: Mmole NaosS per liter x 0el56 = 1b 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 all the sulphlte and leave a very slight excess
of lead. The solution was filtered and the routine test was
performed on the filtrate. The sulphide precipitate was well

washed and assayed for gold. Traces were found showing that

gsome gold had been adsorbed by the precipitate.
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Conclusions

l. Sulphide has a marked influence on precipitation,
even when present in small amounts.

2« The detrimental effect of sulphide can be somewhat
obviate by the addition of a lead salt to precipi-
tate the sulphide. The precipitate, however, adsorbs
& small amount of gold.

3¢« The pH of the solution is somewhat lowered after
precipitation.

4. The "protective" alkalinity is also lowered by
precipitation,

5. The zinc consumption rises fo a maximum and then
falls off as the amount of sulphide in the solution

increases.

Discussion

The presence 0of soluble sulphide in pregnant solutions
has been reported by White (62) who states that it forms zine
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
lead salt added has been already discussed in reference to tests

C., The amount added should be Buch ag to precipitate the



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 lead 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 leaves, 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 & "metallurglical" 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 precipitation. Merck sodium sul-
phite was added in increasing amounts to the gold solutions,.

The results are shown on Table I, and Graph I.

TBLE I
Tegt  "CN® "GaQ" pH zn
No rmmole/l mmole/1 dissolved Recovery Na,SOsz
mmole/1 per cent
bef. aft., bef. aft. bef. aft. mmole/1
I-0 3.2 3.1 4,95 3.7 1l.6 11l.6 0363 98.85
I-1 3.3 343 4,63 4.63 1ll.4 1l.35 05285 98.45 0,040
I=2 3.3 343 5400 4.84 1l.4 11l.35 5285 98445 0.159
I3 33 343 4,53 4,63 1l.3 1l.2 5285 97.6 0,635
I=4d 3.3 343 4,84 4.84 11l.3 11l.15 «5285 9746 24538
I=56 343 343 5,26 4,60 1ll.3 1l.4 6795 9746 10,153

Note: Mmole per liter NagSOz X 0.252 = 1b per %on

Conclusions

1. Sulphite has an adverse influence on precipitate.
2., After falling to a certain level, 97.6 per cent, the
recovery is not influenced by the presence of greater

amounts of sulphite.
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Discusgsion

The pH of the solution remains practically un-
changed.

The "protectice™ alkalinity varies erratically,
being sometimes more and sometimes less than before
precipitation,

The "free" cyanide remains unchanged.

The zinc consumption is increased when large a-

mounts of sulphite are present.

In connection with the influence of sodium sulphite

it is interesting to note that the llerrill @ompany has patented

a process in which sodium bisulphite is added to the solution

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

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

gold cyanide solutions certainly is not.



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,.

TABLE J
Test "CN" "Ca 0" PH Zn
No mmole/l mmole/1 digsolved  Recovery Na,SO,
mmole/1 per cent
bef., aft. Dbef. aft. bef. aft. mmole/1

J=0 3.156 3.1 4,95 3,7 1l.6 11l.6 0.5363 98.85 0
J=1 33 343 4,84 4,70 11l.1 1l.2 0.5363 98.10 0.035
J;2 365 Jud 4,95 4,40 11.25 11.0 0.528b6 98. 10 0.141
J=3 3.3 3J.2 4,95 4,90 11.3 1ll.3 0.5285 98.10 0.563
Jed 3.2 34156 4,90 3.90 1l.3 1ll.4 05285 98.10 2.2b3
J=5 325 3.3 4,95 4,48 11l.3 1l.3 0.5285 98.10 9.011
J;G 3ed 3.4 4,90 5,26 1l.4 1l.4 0.453 98.10 22,528
J;7 3e25 3425 5,05 4,68 11.3 1l.2 04353 9649 36 «045
J;8 3ed 343 5e47 5,20 1le4 1l1l.3 0453 95.4 724090

Note: Mmoles NapS0O4 per liter X

0.284 = 1b per ton,



Conclusions

1.

2o

Se

4.

O

6.

Discussion

-6 B

Sulphate has an adverse effect on precipitation,
even in small amounts,

Within certain limits a larger quantity does not
influence recovery more than small amounts.,

The "free" cyanide content remains practically
unchanged by precipitation,

The "protective" alkalinity is lowered by preci;
pitation,

The pH of the solution is very little affected
by precipitation,

The zinc consumed decreases with increased sulphate

content,

Wwhen sodium sulphate is added to a lime solution cal-

cium sulphate is formed, the amount depending on the relative

quantities of each present in the solution. If enough calcium

sulphate results to approach the saturation voint, about 4 1lb per

ton of solution, calcium sulphate will coat the zinc pafticles

and prevent contact with the solution: precipitation will be

sliuggish. This was especially noted when large amounts of sodium

sulphate were added; a whitish precirpitate formed in the solution

and though it was filtered out the detrimental effect was not

obviated,
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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.



K Tests

The influence of the thiosulphate ion was studied by

adding definite gquantities of NapS,0z %o gold solutions, all

other factors remaining constant,.

The results are shown in Table K and Graph K.

TABILE K
"CN" "08‘0" PH Zn
Test mmole /L mmole /1 dissolved Recovery NaoS20
No mmole/1  per cent mmole/f
bef, aft. bef. aft. bef., aft.

X=0 ¢l 3.1 4,95 3,7 1ll.6 1ll.6 « D363 98.85 0
K=1 Sed JBel 4,84 4,84 11l.4 11.05 4453 98.85 0,030
K=2 3eB8 362 5¢37 4,63 114 11.5 e 3715 98.85 0.121
K=3 363 B2 4,53 4.74 1l.4 11.5 37175 98,85 0.483
K4 3e3 Se2 4.84 4,74 11.3 1ll.4 « 3775 98 .85 1934
K=b 3e3 3e2 5,05 4,63 1ll.4 1ll.4 e 37170 98,00 7¢736
K=6 3ed Dol 4,84 4,63 1l.3 1ll.4 202 95,60 304943

Note: Mmole NaosSp03 per liter x

Concluslons

0,316 = 1lb per ton

l., Thiosulphate, unless present in considerable quan-

tities, has no influence on precipitation.

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

constant,



3. The "protective" alkalinity is lowered by precipita=-
tion when sodium thiosulphate is present in the
solution,

4, The pH is but slightly affected by precipitation.

OS¢« The amount of zinc dissolved decreases as the thio-

sulphate content increases.

Discussion

Thiosulphates are often present in solutions due to the
partial oxydation of sulphide ores, during the aeration of cyanide
pulps, and a considerable amount may result when pyrrhotite is
present in the ore. Fortunately, a certain gquantity 1s necessary

before precipitation is affected.
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L Tests

These tests were made to study the influence of the
thiocyanate ion on precipitation. Definite quantities of sodi um
thiocyanate were added to pure gold cyanide solutiong,all
other factors remaining constant,

The results are shown in Table L and Graph L.

TABLE L
"CN" "CaO" PH Zn NaCNS
Test mmole/l mmole /1 dissolved Recovery added
No mmole /1 per cent mmole/l

bef, aft. bef., aft. Dbef., aft.

L-O 3.2 3.1 4.95 3.7 1106 11.6 005565 98.85 O

L;l 3e2 342 4,74 4,63 1lle4 1l.45 0,453 98,95 06 04L
L;2 5;2 3e3 4,63 4.58 1lle4 11l.45 0.453 98495 0,123
L;S 3425 362 4,74 4,21 11,45 11.45 06453 98.95 0,617
L;4 3025 362 4.84 4.32 1l.5 1le45 0,453 98,95 24467
L;5 3e2 302 4495 4,63 1lle4d 1l.3  0.453 97.95 9,868

L"’G 505 302 5047 5016 11.4 1101 005775 97090 59 0472

Note: Mmole NaCNS per liter x 0.162 = 1b per ton,

Conclusions

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

Oe4 1b per ton of solution) sodium thiocyamate favors

precipitation,



2. Greater quantities of NaCNS than mentioned in 1 lowers
the recovery.

Se The "free" cyanide content of the solution is unaffec®=
ed by precipitation, _

4o "Protective" alkalinity is lowered by precipitation.

5 The pH of the solution remains unchanged.except when
8 large amount of thiocynate is present; the pH is
then lowered by precipltation.

6. The zinc consumption is lessened by the presence of

NaCNSe

Discussion

The presence of thiocyanate in small amounts activates
precipitation., This may possibly be due %o the formation of
thiocyanates of sold (73) which would react more energetically
with the zinc than does gold cyanide this, however, is but an
hypothesis and it would be rash %o stress this possibility too

far in view of the meagre data available.



M Tests

The object of these tests was to determine the
influence of the ferrocyanide ion on precipitation. C.P. sodium
ferrocyanide was added to pure gold cyanide sclution in definite
amounts, all other things remaining constant.

The results are listed in table 1l and shown on graph M.

TABLE M
nx 1Ca Q" pH Zn
Test mmole/1  mmole/1 dissolved Recowry NayFe (CN)
No mmole/1l per cent mmole/1

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

M-C 3.2 3.1 4.95 3.7 11.6 11.6 .5363 98.85 0
M-l 3.3 3.25 4.95 4443 11.5 11.6 453 98,60  0,0207
Me2 3.3 5.2 4.95 4.98 11.5 11.5 453 98.50  0,0826
MeB 3.3 Be3  5.26 4.95 11.5 11.5 453 98.50 0.4132
Mok BB 3.3  5.57 4.94 11.5 1l.5 453 96,90 2,0662
MeB 3.3 B.1 542 5.00 11.5 1l.4 5285 96.60 10,3308

Note: Mmole NagPFe(CN)g per liter x 0.608 = 1b per ton,

Conclusions

l. Ferrocyanide hinders precipitation although not very
greatly unless present in notable amouhts,

2. The "free" cymnide titration 1s little effected;
only when relatively large amounts are present is it

reduced.
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3. The "protective" alkalinity is less after preci-
pitation than before.

4. The pH of the solution remains unchanged during
precipitati on,

o« The amount of zinc dissolved is constant except
when considerable NaﬁFe(CN)G is present; it then

rises slightly.

Discussion

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 1is brought in contact with a cyanide so-
lution, the iron will dissolve in the cyanide solution and will
eventually be transformed into ferrocyanide.

Iron tanks, however, are not the only cause of
ferrocyanides in mill solutions. Iron minerals contained in

the ore may be decomposed and form ferrocyanides.



N Tests

influence

that

expla.ined
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In these tests an attempt was made to determine the

of zine-cyanide in gold solutions. Owing to the fact

zine cyanide titrates at least partly as "free" cyanide, as

on page 99 1t was impossible to vary the zinc cyanide

content independently of the "free" cyanide titration by.method

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

zine cyanide and the "free" cyanide, and the results obtained are

that much less trustiortly. Some idea of the influence of ~inc

cyanide alone can, nevertheless, be gained by comparing these re-

sults with the G tests where the "free" cyanide alone was varied.

The results obtained arse shown in Table N and Graph N.

TABLE N
Tegt "CN" "Ca Q" PH Zn
No mmole /1 mmole /1 dissolved Recovery zn(CN)s
mmole/l per cent mmole/I
bef, aft. bef. aft. bef, aft,

N=Q 3e2 3.1 4,95 3.7 1l.6 11l.6 « 5363 98485 0
N"‘l 506 3.5 4.43 4.74: 1105 11.5 04.55 98.60 000875
N2 442 3.9 4,53 3.90 11l.5 11.45 ,903 98.50 0.4465
New3 669 647 4,63 5.10 11,5 11.35 3,030 98.45 3.0362
N=4 16,6 14,5 5426 5.69 1l.4 11.3 6,191 98,00 6.0724

Note: Mmole Zn(CN), per liter x 0.235 = 1lb per ton



Conclusions

l. The presence of zinc cynide in the solution is
detrimental to precipitation, becoming considerable
when the concentration of zinc cyanide increases.

2 The "free" cyanide reading is lowered by precipitetion,

3, "Protective" alkalinity behaves erratically: it is
sometimes lowered ard sometimes raised by precipita-
tion.

4, The pH of the solution is lowered slightly by pre-
cipitation.

5. The amount of zinc dissolved is influenced by the
quant ity of zine cyanide in solution. When consider-
able amounts of zinc cyanide are present very little

of the zinc added for precipitation is dissolved.

Discussion

When zinc cyanide is added t0 an alkaline solution zine
hydr oxide is precipitated, but is dissolved if cyanide is present
in excess. This is discussed more thoroughly in Appendix I] 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 %o a soluble
sulphide, the precipitate formed by the addition of zinc cyanide

t0 an alkaline solution does not occlude gold whatever.



0 Tests

In these tests the effect of temperature was studied.

The results are shown in Table O and Graph O.

TABLE O
Test "CcN" "CaQ" PH an
No mmole /1 mmole/1 dissolved Recovery Temp
mmole/1l per cent  oC
bef. aft. bef., aft. bef, aft.
O-1 de2 J.2 5,00 4.7 1l.5 1l.5 0.3775 97.80 7
O=2 Je2 Jel 4,95 3.7 1l.6 1ll.6 0.5285 98,85 20
0O=3 3e2 3ol 5,00 3.8 1l.5 11,6 0.5285 98490 317
Conclusions
1l, Precipitation is influenced by temperature.

2e

Se

4.

Beyond a certain temperature, about 20°C, the
influence of temperature is less marked than it

is below,

Within the limits of the tests neither the "free"

cyanide nor the pH is influenced by temperature.

The amount of zinc dissolved is less at lower tem-

perature, but is not increased perceptibly by a

rise of temperature.



Discussion

e see by these tests that the influence of temype ra-
ture on preciritation is more marked at temperatures lower
than 200C than at higher. The importance of this statement is
evident in countries where seasonal variations in temperature
are marked: recovery would decrease 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 zinec content
wa.s 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.

TABLE P

Test "CN" "CaO" PH an
No mmole/l mmole /1 dissolved Recovery  Au
mmole /1l  per cent mmole/l
bef. aft. bef, aft. bef. aft.

P-1 3.3 3.3 4.84 4,60 1l.5 1l1l.5 04530 95,90 0.,02615
P-2 3.2 3.1 4.95 3.7 1l.6 1ll.6 6363 98.85 0,040
P-3 3.3 2.3 4.95 3.69 1l.5 l1ll.2 6795 99.50 0.,0678

Note: Mmole Au per liter x 6.3l = 0z per ton.

Conclusions

The recovery increases with the concentration of the

gold in the solution.

Discussion

At first sight it might be believed that the increased

recovery 1ls due to the fact that in calculating the recovery the



denominator is greater, thus: (HeadgvfaTails) x 100 = per cent
Heads
recoverys. Actually, however, the barren solution resulting from

the precipitation of the high gold solution, had lower values
than the others, showing that the precipitation is reilly en-

hanced by the presence of more gold.



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.

TABLE R
Test "cy" "CaQ" PH zn
No mmole /1 mmole/1 dissolved Recovery Mmole
mmole /1l  per cent Zn-iu
bef., aft. bef., aft. bef, aft, Ratio
R"‘l 305 5.2 5.00 lo 79 1105 11.4 05775 94:050 50:1
R=2 3.2 3s1 4.95 3.7 1l.6 1l,.6 ¢ 5363 98,85 100:1
R=3 3.3 3.0 5,00 5,10 1ll.5 1ll.6 ¢ 6040 98,75 200:1
Conclusions

1. Recovery is influenced by the molecular zinc=-gold

ratioe 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

decreased as the ratio is increased.

%, The "protective" alkalinity is decreased by preci=-

pitation with a low ginc-gold ratio, and it 1s in-

creased for a high ratio.
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4. The pH during precipitation is unchanged whether

& high or a low ratio is used.

5. The zinc consumption inceeases with the ratio

employed.

Discussion

The conclusions reached by these tests do not mean that
it requires 260 g. of zinc to precipitate 8 of gold. It means
that the amount of zine 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 1is obtained by the use of pressure filters where the solu-

tion 1s forced through a thickness of zinc dust.



S and T Tests

The S tests were made to determine what results would
be obtained by treating a lime-free solution containing the
"impurities" present in tests (H), (I), (J), (X), (L), (M) and
(W) .

The procedure followed was t0 add the same amount of
impurity to a lime=~free solution as had been added to a solution
containing lime., Thus, for S;S say, the same quantity of sodium
thiosulphate 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),
(x), (L), (M) and (N) tests since the only variable obtaining is
the substitution of NaOH for Cal.

The recoveries obtained under these wvarious conditions

are shown in Table S=T.



«80=

TABLE S-T
Tes?t "Impurity" Corresponds Recovery =  per cent
Nos added . to

with lime no lime with NaOH

S=1
T=1 Sulphide H=3 54.70 20,10 792
Se=2 :
Twg Sulphite I-4 97.60 96.20 9843
S=3 ’
T=3 Thiosulphate K=4 98485 94,35 98.3
S=4
T-4 Sulphate J=4 98,10 94,35 95,10
S=b
T=d Thiocyanate L-4 98495 93.20 95,00
S=6 '
T=g Ferrocyanide M=-4 96.90 90,25 95,70
S=7 '
Te? Zinc cyanide N3 98.45 93.15 98430
Conclusions

1. Lime is a better activator of precipitation than

caustic soda, except in the case where sulphite is

present,

2, In all cases recovery is improved by the presence

of an alkali, whether the alkali is lime or sodl um

hydroxide.



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,



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.
so that some iron had been introduced into the solution, possibly
in the form of ferrocyanide, The solution also contained copper
to the extent of 0,005 per cent, titrated 1.0 mmole per liter
free cyanide (0.l 1b per ton), 2 mmole CaQ per liter (0.,22 1lb per
ton) and had & pH of 10.7. The gold content was 0.887 0z 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 1b per ton respectively; and the third by precipitaiin