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ABSTRACT

The reaction process for leaching gold from sulfide gold concentrates containing copper
with ammonia -ammonium thiosulfate solution containing copper({ I ) can be divided into initial
stage and later stage of reaction. Initial stage of reaction is controlled by interface reaction. Lat-
er stage of reaction is controlled by diffusion process of reaction through solid products layer.
Whole leaching process is under the control of corrosion reaction of pyrite bearing gold. Action
of ammonium sulfate in the system is probably as follows: (1) NH; and NH, forms a buffer so-

lution; (2) SO;~

system acts as an oxidant and oxygen makes the Cu”
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ion inhibites the oxidation and decomposition of S.03~ ion.

leaching kinetics

Cu®” ion in the

regencrate.

sulfide ore

1 INTRODUCTION

Kinetics of leaching gold with an ammo-
nia-amminium thiosulfate containing copper
have been researc .ed earlyl' =%l Someone
thought that the process is controlled by dif-
fusion process; another one thought that it is
controlled by chemical reaction. But the fol-
lowing points are consistent.

(1)Copper ion catalyze this reaction of
dissolution gold.

(2)Precipitation of element sulfur and
sulfide of copper occur during the process of
leaching gold.

(3 ) Adding sulfite to the thiosulfate so-
lution can inhibite the precipitation of S° and
CuS or Cu,S. Gong Qian et al have proposed
leaching gold by thiosulfate-sulfate solutions
instead of the thiosulfate-sulfite solution'”'.
This text just researched the kinetic charac-

teristic of leaching gold from sullide ores
with thiosulfate solution containig sulfate
ion to understand the effects of sulfate ion
on the kinetics of leaching gold. The miner-
als bearing-gold in the sulfide ores are main-
ly pyrite and chalcopyrite. Dissolution of
pyrite is the most difficult. So that. basic
characteristics of gold dissolution process
should be with relation to basic characteristic
. The article

tries to illustrate the kinetics data of'leaching

of dissolution process of pyrite

gold from sulfide ores by oxidation law of
pyrite.

2 EXPERIMENTAL
2.1  Samples

Samples used were sulfide gold conce-
trate containing copper from float workshop
and 80% of the ore, containing 57. [ get !

(I Supported by the National Nature Science Foundation of China;manuscript received March 5, 1993
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Au, 50.2 g+t Ag. passed through 200 (NH)-S.0. solution was liltered after prepa-

mesh. ration for use in experiments. Besides gold,
By microscopic examination, the gold silver and copper were also analyzed in the
concentrate used in experiments contained, same  sample solution during the experi-
pyrite, chalcopyrite, bornite, malachite and ments. Silver was analyzed with AAS., Ex-
limonite. perimental results about gold are only de-
Gangue minerals are mainly quartz and scribed in this paper. about silver and cop-
calcite. The minerals bearing-gold are main- per witl be described in other article.

ly pyrite, chalcopyrite and bornite.
3 EXPERIMENTAL RESULTS

2.2 Experimental Instruments und Methods
General outline of dissoluting gold

The tests were conducted in a four- from sulfide gold concentrates with an am-
necked. 500 mL round botton flask. The monia- ammonium thiosulfate- ammonium
stirring  was  accomplished using a dircct sulfate solution arc shown in Fig 1. It can
drive over-head motor. Definite amount air be seen clearly from Fig. | that the processes
was introduced for all the tests. The flask of dissolution gold can be divided into two
with four-necked was immersed in a thermo- stages. Dissoluton of gold is quite fast at the
stat with a variety of temperature within + initial five minutes. Then the dissolution
I C. The air was first pre-saturated by pass- rate of gold remarkably decreases. Gold ox-
ing through a solution with the same NH,OH traction reached maximum within 1.5~ 2
concentration as experimental solution. h. The results calculated are shown in

At the start of an experiments. after Fig. 2. 1t can be seen from the leach model
putting leaching solution into a four-necked in accordance with various leaching model
flask which fixed up the thermstat and the so- and the data in Fig. 1 that thc process of
lution was stirred and heated for 10 min, leaching Au can also be divded into two
reaching the required temperature of solu- stages. Dissolution process of gold from
tion, air was introduced. then ore was sixth minute to the end of gold dissolution
added. After b min, first solution sample can be described by diffusion process of reac-
was taken out to analyse gold concentration tants through solid reaction products layer.
in solution . subsequently took one sample cv- i.e. the model 3 in the Fig. 2. Although
ery 15 min and took out 2 mL each time. model 1 looks like to be suitable; after ob-
The analysis results of solution was con- serving carefully.it was found that model 1|
pared with one of the residue leached. the is insuitable. because after 60 minutes. mod-
relative error was about + 10 . sometimes el 1 deviated from straight line. If the ore
could reached about 4+ 15%. The lcaching grain used in experiments is more fine. mod-
rate mentioned later were calculated using el | more remarkably deviated from straight
the results in leached solution and extraction line, as shown Fig 3. so that. model 3 was
percent were calculated using analysis results adopted. According to Fig. 2. all the experi-
in residue leached after experiment. All mental data were expressed by A; and A..
reagents used in experiments were reagent A5 is average dissolution rate (molss™') of
grade. As there is element sulfur in the am- gold in inital 5 min. A, is a constant

monium thiosulfate in solid state, the (min~ ') evaluated according to the model
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3. It includes molar volume of reactants.
diffusion coefflicient of the reactants in solid

products layer. concentration of reactant.
grain radius of ore and reaction time was
usually L. 5h.

3.1 EfJect of Ammonnn Sulfate Concentra-

tion

The results were shown in Table 2.
Leaching rate of gold and extraction of gold-
increased by adding ammonium sulfate to
leaching solution. The results were shown
as.

Table T Effects of ammonium sulfate

coneentration

(NH.).S0, A, <100 A. 210 Au extraction

/molsL ' Fmoles ! /min ! fwt. =Yg
0.6 1.0 1. 37 89. 0
u. 2 [.2 1.533 91. 0
0.5 .3 .63 91. 0
0.8 .5 i. 71 96. 3
1.0 [ 1.73 5. 8

« 0. 7mol-L “(NH).5.0,: L:S=6f:]; 850min ':
I.0mol-L '"NH,OIl; 50 ¢ ; 90min. ; 1.Og.L~"' Cu*;
U. 7Lemin~ " air.particle size< 300 mesh
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Iiig. 3 Leaching model
The meaning ol curves |. 3 and other conditions are the

same o~ those in Fig, 2.

A: o [(NH)-SOJ% "%, After adding
ammonium sulfate, basic characteristic of
leaching gold process do not vary. i. e.
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whole leaching process can be all divided in-
to two stages whether adding ammonium sul-
fate or not. Over high concentration of
(NH,),SOy in solution is disadvantageous to

leaching gold.
3.2 Effects of Stirring Velocity

The relation of stirring velocity and
leaching rate can be shown as A5 oC 9. 3 X
10 * X", K,ocl. 1 X 10 "X, where
w is stirring velocity (min ' )which has a lit-
tle effect on dissolution of gold indicates that
effect of liguid phase diffusion process was

in existence.
3.3  Effects of Temperature

Changing temperature from 20 C to
60 . leaching rate and gold extraction in-
creased as the temperature increased. But
the increment value was not large. Active
energy for Az is 3. 1 kJ+mol™"' and active en-
ergy for A is 10kJ+emol~'. The effect of
temperature on A, is more remarkable than

for A 5 .

3.1  Effects of Ammonnan Thosul fate Concen-

trations

Experimenttal results can be shown as
h; < [ NH, ).$.0, J"®, K, <cc
({NH,),8.0,7%?", The effects of thiosul-
fate concentration on A5 was very small.
This showed that the S,03  acts only as com-
plex agent of gold and did not join the con-
trolled-step reaction. because the complex ac-
tion of thiosuifate ion with gold was faster.

3.5  Iffects of Ammona Concentration

Preliminary experiments showed that
gold extraction obtained from leaching sul-
fide gold concentrate using ammonium thio-
sulfate solution containing Cu®

without free

ammonia was very poor. After adding 0.5

! of ammonia to the leaching solu-

mol. L~
tion. gold extraction increased remarkably .
but if continuing to add ammonia, increas-
ing extraction was not very remarkable. A’;

oc [NH,OH1*?; K oc [NH,OH]" %,
3.6 Iffects of Cupric lon Concentration

Experimental results conforms the fol-
lowing relation, A; oc [Cu” 1%, K oC
[Cu® %78,

The ceffect of air amount on A'; is less
and the effect on A, is remarkable. A, SC ()5,
. where ¢}, is air amount entered. u is a con-

stant about 0. 5.
3.7 Effects of Ure Particles Suwe

The ore particle size is the average val-
ue of the diameter ol upper- level screen
mesh and next level screen mesh. The ef-
fects of ore size can be sum up as A5 = 1 =
1079 % 1/ae Ay =3.11 X 107" X 1/u X
1/11 , where a is average diamecter, /[ is
thickness of solid products layer. A; was re-
duced with ore size increase. The effect of
reduced ore size on A have two aspects; (1)
increasing diffusion interface, which is
favourable to reaction; (2)increasing initial
reaction rate and solid reaction products
which is unfavourable for later reaction. If
the effect ol any factor in those two factors
is larger, the experimental results reflects

just the effect of that factor.
4 DISCUSION
A. 1 Muin Beactions Series

In the leaching system, besides a series
of decomposition and oxidation reactions of
S, 05
dissolution and complex reactions of gold

, it also included mainly oxidation,



©34. TRANSACTIONS OF NFsoc Nov. 1993

and oxidation reactions of gold-bearing min-
erals etc. gold-bearing minecarls are mainly
chalcopyrite and pyrite. Dccomposition of
pyrite is the most difficult one. If leaching
out gold contained in pyrite is required., [irst
of all. pyrite should be decomposed. By
analysis using scanning electron microscope .
besidcs a part of gold cxists in free state,
most of the gold in ore is inlaid in pyrite. So
that, kinetics process of lcaching gold with
thiosulfate solution should be controlled by
corrosion reaction of pyrite. Results detected
by X-ray difraction indicatc that the peak

values of chalcopyrite in leached- residue

were lower than in raw ore "

. suggesting
that chalcopyrite underwent destroy during
leaching. Though the change of the peak val-
ucs of pyrite was not markable.it can be
seen trom photographs. taken by scanning
electron microscop. There arc clear scar on
granula. The
pyrite has changed into loose and porous

leached-pyrite granula ol
one. Sulfide gold concentrates containing
iron first were leached using ammoniua- am-
monium thjosuliate solution containing cop-
per and then leached residues were detected
by X-ray dillraction. The results showed
the peak value of pyrite in Jeached-residue is
lower than raw ore. which indicates corro-
sion process of pyrite exist surely in leach-
ing. Though oxidation ol pyrite is as ditfi-
cult as oxygen acting as oxidant. in local re-
gion with high copper concentration can be
corroded as cupric ion acting as oxidant.

4.2 Initwd Reachon el Later Beaction

The initial lcaching rcaction in the first
5 min should be the dissolving rcaction of
gold which included a part ol free gold and
gold exposed on surlace of granulas of cal-
copyrite. bornitc and pyrite duc to be oxi-

dized. Then the granulas surface were cov-

ered by solid reaction products. The reaction
cnters into reaction stage of diffusion control
of reaction reagents going through solid reac-
tion products. Solid products probably in-
cludes lerric onide and element sulfur yield-
ed due to oxidation of chalcopyrite and
pyvrite and cupric sulfide precipitated from
copper in solution. Reaction reagent dilfus-
ing inwards through products layer reacts
with chalcopyrite and pyvritc not be oxi-
dized. gold is exposed out and then is dis-
solved. It also included that reaction reagent
through microporous diffused to interior of
ore particles reacts with free gold inside of
ore granules. Stirring velocity has effcts on
both of A and A .
able as the reaction is completely controlled
by diffusion. This indicated that both of A
and A . included minor effect to liguid diffu-

But it was not o remark-

Sion process.

1.3 DRelutwnstap Betieeen Reactine Bute aal 'V ai-

was arwthles

The relationship between rcaction rate
and various variable can be summarized as
Tollowing .

ks = hy >~ (Cu® 9" o [NH OH )"~

S C(NH, .80, 0%
"~ [(NH, )L’S"O?‘J“'U:

- x

Aol T e e
N, = 15> [NHOH]J" "

SO (Cut T

o L(NH, )BS;'O:;]“'ZI

~ L(NH.80,1% "

o e Ve s 1

[

e nRT

RN

A with air amount entered is inde-
pcnednt. So the oxidant in system can only
be cupric ion. Action of oxygen only make
cupricion regenaration. So the effect ol oxy-
gen is not remarkable within short time. But
when the leaching lasted tor longer time.
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the effect of oxygen got more remarkable.
Therefore, air amount entered remarkbaly
influenced on A, . Diffusion species of ini-
tial stage of reaction is cupric ion and diffu-
sion of later stage of reaction include proba-
bly cupric ion and oxygen molecule. Accord-
ing to A. ¢ [NH,OHJ"" > [NH,1"™, it
can be explicitly indicated that the oxidant is
Cu(NH3)3". The proportion of cupric ion
with NH; is 1 : 2 in Cu"™+ 2NH; = Cu
(NH3)%". But it should be Cu(NHy)i™ on
the basis of the result obtained from thermo-
dynamic analysis. Effect of S-03i~ concentra-
tion on A'; was less. It showed that rate-con-
trolling reaction does not invelve S,05 . Ef-
fects of both NH,OH and NH probably
were the result of the effect of pH. Leach-
ing gold only using ammonium thiosulfate so-
lution containing copper without NH+, gold
extraction was very low. 1f adding 0. 5 mol
-« L.7! ammonia into the leaching solution.
gold extraction rises greatly. But if continu-
ing to add ammonia to the leaching solution.
increase of gold extraction was not remark-
able. Change of pH in leaching solution is
just as this trend. The pH of ammonium
thiosulfate solution free from ammonia is
lower but as adding a small amount of am-
monia into the solution, pH of the solution
remarkably Because NH7T and
NH; composes an buffer solution NH,OH =
OH~ +NH/ . if adding ammonia into the so-
lution continuously ., change of pH of the so-
lution is very small. The cffects of pH on
gold extraction is probably resulted from the
effect of pH on the corrosion ot pyrite. The
reference (8] indicated at fixed potential the
anodic current (2 ) of pyrite in ammonia-

increases.

ammonium sulfate solutions can be related
with NH,OH, (NH, ).SO, and temperature
using the following equation .
! = Lk X [NH,OH)" "
X E(NHt)zSOJU'”

NoexpC— 120 L/RT)

This is similar to the relation of A5 with
these variables in the present paper, indicat-
ing the close relationship of gold dissolution
with the corrosion of pyrite. The reaction or-
der of (NH,)-SO, > 0. indicats another ef-
fect of NH, .
concetration with an increase of NH; con-

That is increaseing ammonia

centration. The increase of NH; is advanta-
geous to the stabilization of Fe(NH;){ ., Cu
(NH,)> . Au(NH,)s . facilictating the cor-
rosion of pvrite and the dissolution of gold.
It was also indicated in reference [10) and
C117 that SO~ in ammonium sulfate can in-
hibit the oxidation decomposition of SOj
and S-03

The relationship of the anodic current
of pyritc with various variables were ex-
b]aincd in reference (8 by means ol the fol-

lowing reaction eguations;

FeS,+ 160H —F¢* +2S0; +&8H.O
=+ 1 le
FeS.—F¢" — 257+ 2¢

F¢' —2NH.—>Fc(NH.)=
Fe(NH.)»s” +30H" —>Fe(OH);
+2NH,OH+e¢

NH ,OH—NH, +-0H

Cu(NH. )5  in ammonia- ammonium
thiosulfate solution acts as an oxidant and
oxvgen makes the Cu (NH: )= regenerate.
Theretore the following equations should ex-
ist in solution

Cu® +2NH,OH->Cu(NH)3:~ +2H.0

Cu(NH )" —e—=Cu(NH.)>

O,+ le—2H.0— JOH

The relation of the dissolution rate ol
eaplained using

gold can bce gualitatively

these reaction equations. The effect of am-
monium sulfate on AL is smaller than thiosul-
fate, indicating the complex reaction of
S.0:7 with Au influences the late dissolution

of gold.
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9 CONCLUSIONS ol pyrite.

(1) Reaction process of leaching sul-
fide gold concentrates with ammonia-ammo-
nium thiosulfate-ammonium sulfate solution !
containing copper can be divided into an ini-
tial stage and a later stage of reaction. The
initial stage of reaction is under the control 2
of interface reaction; the later stage of reac-
tion is under the control of diffusion process
of reactents through solid reaction products
layer. All of two reactions stage included mi-
nor effect of liquid phase diffusion process.
Diffusion component in inital stage of reac-

tion is Cu®t jon; in the later stage of reac-
|

Lo

tion also contained oxygen besides Cu’' ion. 5
(2)Cupric ion acts as oxidant, oxygen
makes Cu?” ion regeneration. Action of 6
S,0% is only to be a complex agent of gold
and does not join in reaction of control step.
(3) Action of ammonium sulfate .

(a) NH, and NH,OH composes a
buffer solution;

(b) SO7' ion inhibites oxidation and de-
composition of S.0Q7 ion. 9
(4) Leaching gold processes from sul-
fide gold concentrates with ammonia-ammo-
nium thiosulfate-ammonium sulfate contain-
ing copper controlled by corrosion reaction
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