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Abstract: In this research cyanide-free leaching of pure gold and pressure oxidized refractory gold
concentrate by thiosulfate-copper-ammonia solutions were examined. A quartz crystal microbalance
(QCM) was used to study gold leaching as a factorial series where the best gold leaching rate (2.987
mg/(cm?h)) was achieved with a solution consisting of 0.2 M (NH,),S,03, 1.2 M NHz, 0.01 M CuSO,
and 0.4 M Na,SO,. Temperature had the greatest effect on the gold leaching rate. An increase in
thiosulfate concentration (0.1-0.2 M) increased gold dissolution. The combined effect of temperature and
ammonia concentration had a statistically significant effect on the gold leaching rate at 0.1 M M,S,0s.
Combination of applied potential and NH3:S,0; ratio had a statistically significant effect on the gold
leaching rate at 0.2 M M,S,05. An increase in applied potential decreased the gold dissolution rate at low
ammonia concentrations but increased it at high concentrations. A pressure oxidized gold concentrate was
leached for 6 hours in the batch reactor leaching experiments. The effect of rotative velocity (1.26-1.56
m/s) and slurry density (10-30 wt%) was investigated at the following leaching parameters: 0.2 M
Na,S,03, 0.6 M NHa;, 0.01 M CuSQy,, 0.4 M Na,SO,. Lower slurry density (10 wt%) resulted in a higher
Au leaching efficiency. An increase in the rotation rate did not have an effect on the final Au leaching
recovery. The best Au leaching efficiency (89%) was achieved with 590 rpm mixing, 1.56 m/s rotative
velocity and 10 wt% slurry density.
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Introduction

The industrially applied leaching method for gold ores and concentrates involves the
use of cyanide as a ligand for dissolution of gold. Cyanide is technically and
economically a viable method for gold processing, and therefore it is hard to bring a
cyanide-free method into the market. However, a few accidents have been reported
involving facilities using cyanide in gold leaching (Macklin et al., 2003). Therefore,
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there is an increasing interest towards cyanide-free leaching agents, such as chloride,
thiourea and thiosulfate (Marsden and House, 2006; Choi et al., 2013).

In thiosulfate gold leaching, Cu®* ions are commonly used as oxidizing agents,
while the thiosulfate ion acts as a ligand forming a soluble gold thiosulfate-ammonia
complex (Aylmore and Muir, 2001). It was suggested that gold leaching in the
absence of Cu®* ions, with an external current acting as a oxidizer, is not possible
(Breuer and Jeffrey, 2002). Ammonia is commonly used to increase pH of solution up
to 10-12 where thiosulfate and Cu(NH;),>* complexes are thermodynamically stable
(Aylmore and Muir, 2001). A typical redox potential for ammoniacal thiosulfate
leaching ranges between 200 and 300 mV vs. SHE. In the absence of ammonia, or
with excess copper, Cu®" ions react with thiosulfate forming CuS,05” and S,04” ions
(Byerley et al., 1973; Rabai and Epstein, 1992; Zhang and Nicol, 2003).

The chemistry of thiosulfate leaching is complex (Aylmore and Muir, 2001) and
the leaching mechanism is not fully understood but has been widely investigated
(Senanayake, 2003, 2004, 2005a, 2005b, 2005c; Senanayake and Zhang, 2012a,
2012b). Lixiviant oxidation, degradation and the impact of oxidation products on gold
dissolution were investigated with SO, ion addition reducing thiosulfate oxidation
(Breuer and Jeffrey, 2003; Chu et al., 2003). One of the advantages claimed for
thiosulfate is its ability to resist preg-robbing (Marsden and House, 2006). This is
different to chloride leaching (Ahtiainen and Lundstrom, 2016) which is another
cyanide-free lixiviant close to penetrating the market on industrial scale (Marsden and
House, 2006; Intec Ltd., 2009; Controls, 2012; Ferron, 2012; Robinson et al., 2012;
Dundee Sustainable Technologies, 2015; Lalancette et al., 2015). However, thiosulfate
leaching of waste electrical and electronic equipment (WEEE) has also indicated preg-
robbing type behaviour (Ha et al., 2010).

It is not clear how different parameters and their ranges affect pure gold and gold
mineral leaching in the thiosulfate media. In the current research, gold dissolution in
the thiosulfate solution was investigated both electrochemically (quartz crystal
microbalance, QCM) and using batch leaching experiments for gold concentrate. The
design of experiments was carried out with full factorial design by MODDE (MKS
Data Analytics Solutions) software in order to build up a model reflecting the leaching
rate of gold as a function of temperature (T), applied potential (E), ammonia-to-
thiosulfate (NH3:S,05) ratio and their combined effects. In addition, leaching of the
refractory gold concentrate was examined in batch reactor experiments.

Materials and methods

Electrochemical experiments

The gold dissolution rate was investigated using a pure gold crystal attached to a
Stanford Research Systems Quartz Crystal Microbalance (SRS QCMZ200) as a
working electrode. Mass change on the crystal was determined by the Sauerbrey
equation (Buttry and Ward, 1992):
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Af = —C; Am, 1)

where C; is the sensitivity factor for the crystal used (56.6 Hz cm?ug), f is the
frequency (Hz) and 4m is mass change (ug).

A saturated silver-calomel electrode (Radiometer 401) SCE +0.241 V vs. SHE was
used as a reference electrode and a platinum sheet as a counter electrode. The applied
potential was controlled via a GillAC potentiostat (ACM Instruments). The volume of
the reactor vessel was 1 dm?, and temperature was controlled via a vessel jacket and
thermostat.

Sodium thiosulfate pentahydrate, ammonium thiosulfate (99% analytical grade),
ammonia (25%), sodium sulfate (Baker grade), copper sulfate pentahydrate (technical
grade) and distilled water (Millipore) were used in the experiments. The electrolyte
was cooled/heated to the desired temperature for 30 minutes. Pure nitrogen was used
in order to prevent thiosulfate degradation and formation of disulfite ions (Chu et al.,
2003). Feng and Van Deventer (2007) suggested that nitrogen purging should be used
with minerals having high sulfide concentrations.

In order to see whether there was consistency in the parameter ratios investigated,
NH3:S,03, S;03:Cu and NH;:Cu ratios used in the published data were calculated
(Table 1). It was shown that the ammonia-to-thiosulfate ratio ranged from 1 to 10,
with 4-5 being the commonly used magnitude.

Table 1. Literature data of concentrations of copper, thiosulfate and ammonia and their NH3:S,03,
S,03:Cu?" and NH3:Cu?" ratios based on the table in Aylmore and Muir (2001), with additional data
treatment to reveal molar ratios regarding ammonia, thiosulfate and copper

S,03 NH; cu®

Source ) M) M) NH3:S,0;5 S;05:Cu** NH5:Cu®*
Feng and Van Deventer (2007) 0.1 0.5 0.006 5 16.7 83.3
Feng and Van Deventer (2006) 0.5 25 0.12 5 4.2 20.8
Xia and Yen (2003) 0.3 3.0 0.03 10 10 100
Breuer and Jeffrey (2002) 0.1 0.4 0.01 4 10 40
Feng and Van Deventer (2002) 0.5 2.0 0.012 4 41.7 166.7
Breuer and Jeffrey (2000) 0.1 0.4 0.01 4 10 40
Abbruzzese et al. (1995) 2.0 4.0 0.1 2 20 40
Yen et al. (1996) 0.4 0.2 0.03 0.5 133 6.7
Jeffrey (2001) 0.4 0.6 0.01 15 40 60
Tozawa et al. (1981) 0.5 1.0 0.04 2 125 25
Jeffrey et al. (2008) 0.1 0.8 0.01 8 10 80
Senanayake (2007) 0.25 1.0 0.06 4 4.2 16.7
Hemmati et al. (1989) 0.71 3.0 0.15 4.23 4.7 20
Hu and Gong (1992) 10. 2.0 0.16 2 6.3 12.5
Cao et al. (1992) 0.2 2.0 0.047 10 4.3 42.6
Cao et al. (1992) 0.3 2.0 0.047 6.66 6.4 42.6
Langhans et al. (1992) 0.2 0.09 0.001 0.45 200 90
Yen et al. (1998) 0.5 6.0 0.1 12 5 60

Wan and Brierley (1997) 0.1 0.1 0.005 1 20 20
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Table 2. The parameters for three electrochemical leaching experiment series by QCM (series 1-3). In
series 1 and 2 Na,S,05 was used as thiosulfate salt and in series 3 the thiosulfate source was (NH,4),S,05

Exp. T(°C) E(mVvs.SHE) NH3:S,0; Ratio
1 30 300 4
2 30 300 4
3 20 250 2
4 20 350 2
5 40 250 2
6 40 350 2
7 20 250 6
8 20 350 6
9 40 250 6

10 40 350 6

Electrochemical gold leaching experiments were performed in three series that
consisted of 10 measurements (Table 2). The first two series were carried out using
sodium thiosulfate and the third using ammonium thiosulfate. Three variables were
chosen for factorial analysis: temperature (20, 30, 40 °C), applied potential of the
QCM electrode (250, 300, 350 mV vs. SHE) and initial ammonia concentration. The
NH3:S,05 ratio investigated varied from 2 to 6 (Table 1) (Breuer and Jeffrey, 2000,
2002; Feng and Van Deventer, 2002, 2006, 2007). Concentrations in the series were as
follows: series 1 — [Na,S,03] = 0.1 M and [NH3] = 0.2 — 0.6 M, series 2 — [Na,S,03] =
0.2 M and [NH3] = 0.4 — 1.2 M and series 3 — [(NH4),S,03] =0.2 M and [NH3] = 0.4 —
1.2 M. Other reagents used were CuSO, (0.01 M) and Na,SO, (0.4 M). Table 2
presents the NH;:S,0; ratio investigated in each series. The upper temperature was
limited to 40 °C due to accelerated thiosulfate degradation at high temperatures.

During the experiment, the mass change was recorded by QCM. Each experiment
lasted a maximum 20 minutes, the time depended on the gold dissolution rate from the
QCM crystal.

Batch reactor experiments

The raw material used in the batch reactor leaching experiments was the refractory
pyritic and arsenopyritic concentrate that was subjected to pressure leaching at
industrial scale and provided as such for thiosulfate leaching. The raw material
contained 47 ppm Au, 8 ppm Ag, 14% Fe, 11% Si and 4% S. A solid analysis was
carried out by total leaching (HCI, HF and HNO3) with the elemental analysis (ICP-
MS) and fire assay (FA) for Au and Ag (Labtium Oy). The gold concentration was
determined by using ICP-OES after fire assay enrichment.

In batch leaching, a 3 dm® glass reactor vessel with integrated water jacket (LENZ
LF 150) was used, with a solution volume of 2.4 dm® before the concentrate was
added. Temperature (30 °C) of the solution was controlled via a thermostat (Julabo
ED-5 heating circulator with open bath). The nitrogen flow rate was controlled via a
rotameter (Environics series 2000 computerized multi-component gas mixer) and set
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to a constant 500 cm®/min. The redox was monitored. The particle size distribution
was determined using the laser diffraction method (Malvern Instruments Mastersizer
2000). The solution used in the batch leaching experiments contained [Na,S,03] =0.2
M, [NH3] = 0.6 M [CuSO,4] =0.01 M and [Na,SO,] = 0.4 M. It was observed that at an
NH3:S,05 ratio of > 4, the redox potential of the solution decreased with increasing
ammonia concentration to values <180 mV vs. SHE, not favourable to gold
dissolution. Ratios of NH3:S,03 = 3 resulted in an initial redox potential of 260 — 280
mV vs. SHE, which were suitable for batch reactor leaching.

In the batch reactor experiments, sodium thiosulfate pentahydrate (99%), ammonia
(32%), distilled water, sodium sulfate (analytical grade), copper sulfate pentahydrate
(technical grade) and pure nitrogen were used. The batch leaching series consisted of
seven experiments with two variables investigated: mass transfer and slurry density
(Table 3).

Batch leaching was conducted for 6 hours, with sampling at t = 15, 30, 60, 120,
240 and 360 minutes. Filtered solutions were frozen and sent for analysis (ICP-MS).
The filtered leach residue was dried and analysed.

Table 3. Design of experiments for pressure oxidized gold concentrate batch leaching

Exp. RPM Rotational velocity Slurry density Concentrate mass

(m/s) (wt%) @

| 490 1.54 20 480

I 490 1.54 20 480
11 400 1.26 10 240
v 400 1.26 30 720
\Y/ 590 1.85 10 240
Vi 590 1.85 30 720

Results

Electrochemical gold leaching results by quartz crystal microbalance

Quartz crystal microbalance (QCM) experiments showed that low temperature (20 °C)
resulted in very low leaching rates in all experiments (Fig. 1). The best gold leaching
rates were achieved at T = 40 °C in all series. This supports the earlier findings that
thiosulfate leaching is chemically controlled (Jeffrey, 2001). It can be seen that the
NH3:S,03 ratio of 2 resulted in the best leaching rates when the electrode was
polarized to 250 mV vs. SHE (series 2 and 3). In contrast, the NH;:S,0; ratio of 6
resulted in the best leaching rates at higher potential (350 mV vs. SHE, series 1-3).
Ammonium thiosulfate (series 3) was shown to result in higher gold leaching rates
compared to sodium thiosulfate (series 1 and 2) at equal molarities, which supported
the earlier studies (Jeffrey et al., 2008; Feng and Van Deventer, 2010).

Black precipitates caused by the instability of thiosulfate and copper sulfide
precipitation were seen at the bottom of the reactor in the following experiments:
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series 1, exp. 3 — 6 ([Na,S;03] = 0.1 M, [NH;3] = 0.2 M, both at 20 and 40 °C) and
series 3, exp. 3 ([S203] = 0.2 M, [NH3] = 0.4 M, T = 20 °C). This suggests that low
ammonia concentration and low NH3:S,0; ratio decreased thiosulfate stability.

E =250 mV (vs. SHE) E =350 mV (vs. SHE)
3 JA=01MNaS,0, 3 JA=01MNaS,0,
‘€ | B=02MNasS,0, “E [ B=02MNa,S,0,
_;;’ Il C=0.2M(NH,),S,0, ﬁ Il C=0.2M(NH,),S,0,
I=) >
g2f g2r
2 2
s [
g g
1t 1t
[5} [5}
[ [
Q [}
- -
] 0
AlB|C|A|B|C|A|B|C|A|B]|C
20°Ccj2 | 20°C|6 | 40°C|2 | 40°Cl6 | 20°C|2 | 20°C|6 | 40°C|2 | 40°C|6 |
2) b)

Fig. 1. Gold leaching rate during thiosulfate leaching a) at 250 mV and b) at 350 mV vs. SHE.
The values of T (20 and 40 °C) and NH3:S,03 ratio (2 or 6) are presented on the X axis

Using factorial analysis in MODDE, it was possible to determine which
parameters, if any, had statistically significant correlation with the gold leaching rate.
Series 1 and 3 were found to be statistically valid and repeatable and temperature was
found to have the most significant effect on the gold dissolution rate in both series.
Leaching rates were shown to improve at higher temperatures. For the series 1 it was
also found that the combined effect of temperature and ammonia concentration, and
hence, the NH3:S,0; ratio, had a statistically significant effect, with a greater ratio
improving the gold leaching rate at a thiosulfate concentration of 0.1 M. In the series
3, (thiosulfate concentration of 0.2 M) a combined effect of applied potential and
ammonia concentration, and hence the NHs;:S,05 ratio, was found to have a positive
effect on gold leaching, suggesting that with an increasing potential the importance of
excess ammonium increases.

By a factorial analysis, an equation describing gold dissolution in thiosulfate
solution could be formed for the statistically valid series 1 and 3 (Eqg. 2 and 3,
respectively):

Y = 0.037598T + 0.00165E — 2.91911c¢ — 7.59 - 107 °TE
+0.053975Tc + 0.004762Ec — 0.29129 (2)

log;o Y = 0.041067T — 0.00273E — 1.10292¢ — 9.49 - 107° - TE
—0.00385Tc + 0.0042Ec — 0.36552 (3)

with Y describing the gold leaching rate (mg/(cm?h)), T temperature (°C), E applied
potential (mV vs. SHE) and ¢ NH; concentration (M).
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In Equations (2) and (3) the effects of potential and NH; concentration were
included, although these parameters were not statistically significant. The statistically
significant parameters in Eq. (1) were T and T-c and in Eq. (3) T and E-c. Both models
had R? > 0.97. The Q? estimated the goodness of fit and was usually between 0 and 1,
and for very poor models negative. For the series 1 Q° = 0.59, model validity was
0.45, p = 0.006 and reproducibility 0.998. For the series 3 Q* = 0.82, model validity
was 0.63, p = 0.004 and reproducibility 0.995. It indicated the interaction between
parameters that were found to be statistically significant but the models cannot be
considered as ideal.

Figure 2 shows the contour surfaces calculated using Egs. (2) and (3). It can be
seen that higher temperature results in higher gold leaching rates according to both
equations at lower and higher potentials (250 vs. 350 mV vs. SHE). Also, when
comparing the modelled leaching rates a higher thiosulfate concentration (0.2 vs 0.1
M) shows the increased gold dissolution rate (Fig. 2a vs. 2b and Fig. 2c vs. 2d) at both
lower and higher potentials. However, the effect of ammonia, and thus the NH;:S,0;
ratio, is highly dependent on the electrode potential, and thus on the oxidative
conditions. Under highly oxidative conditions (E = 350 mV vs. SHE) increasing
ammonia supports gold dissolution in all the environments investigated. However, at
lower potentials (E = 250 mV), which are more typical for thiosulfate concentrate
leaching, increasing ammonia concentration, and thus the NHs:S,0; ratio, increases
the gold dissolution rate only at lower thiosulfate concentration (0.1 M, equation 2),
whereas at higher thiosulfate concentration (0.2 M, equation 3) it has a negative
impact on the gold dissolution rate. This shows that the effect of the ammonia
concentration, and thus the effect of the NH;:S,0; ratio, is highly dependent on the
oxidative potential.

The intrinsic reason for the leaching efficiency behavior is most likely related to
the speciation of complexes in the solution as the concentration of reagents and
applied potential changes. It was determined by Senanayake (2004) that the gold
dissolution is most efficiently facilitated by adsorption of mixed thiosulfate-ammonia-
copper complex on the surface of gold, following its redox reaction. Other complexes
of Cu?* may be either insufficient or less efficient for the purpose. Additionally, it was
shown elsewhere (Aylmore and Muir, 2001; Wan et al., 2003; Senanayake, 2004) that
the speciation of copper species in thiosulfate solutions varied significantly depending
on the solution conditions. It can be explained by variation in speciation of complexes
with change in the potential applied in such a way that the conditions of efficient gold
dissolution change.

Thiosulfate concentration of 0.2 M was chosen to be used in the batch leaching
experiments based on the higher leaching rates achieved in the QCM tests, when
compared to 0.1 M. Temperature of 30 °C was chosen instead of T = 40 °C in order to
avoid thiosulfate degradation and ammonia vaporization at a reasonable gold
dissolution rate. Ammonia concentration of 0.6 M was chosen based on
electrochemical experiments showing higher leaching rates (and higher redox
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potentials) when a lower NH3:S,0; ratio was used at lower electrode potentials.
However, the redox potentials of solution were additionally observed as a function of
time and NH3;:S,0; = 3 gave a higher redox potential than NH;:S,0; = 4, which was
chosen for the batch test series.

Fig. 2. Leaching rate of gold vs. SHE during thiosulfate leaching a) at E = 250 mV/, demonstrated
by a contour surface using equation (2), b) at E = 250 mV, demonstrated by a contour surface using
equation (3), ¢) at E = 350 mV, demonstrated by a contour surface using equation (2), d) at E = 350 mV,
demonstrated by a contour surface using equation (3). The units used were: leaching rate (mg/(cm?h)),
ammonia concentration (M) and temperature (°C)

Batch reactor gold leaching results

The particle size distribution was shown to be small: d(0.5) 5.3 um, d(0.8) 16.6 um
and the weighed residual was 0.2%. Wet sieving was used to obtain another estimate
of the validity of the laser diffraction method setup and it was shown that roughly 13%
of the particles remained on a 32 pm sieve.

The redox potential of the solution was recorded during batch leaching tests for the
refractory pyritic and arsenopyritic concentrate (Fig. 3). This potential decreased along
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with increasing slurry density due to faster reduction of oxidized species to reduced
species (cupric reduction to cuprous) and the absence of oxygen feed regenerating the
oxidant. Experiments | and Il were conducted with identical parameters (490 rpm and
slurry density of 20 wt%), the redox behaviour being quite identical. Experiments 1V
and VI had a slurry density of 10 wt% and a rotation rate of 400 vs. 590, respectively.
It can be seen that the lower rotation rate also resulted in less oxidized species (cupric)
reduction. However, improved mass transport (V1) increased the reaction rate and
finally reduced the redox potential to a similar level as that measured with a 20 wt%
slurry density at t = 360 min. In addition, it was clearly shown that at a higher solid
concentration (30 wt%), the redox potential decreased faster than at lower slurry
densities. However, with sufficiently high long leaching time, t = 240 min, the degree
of reactions (cupric reduction) was identical at 20 and 30 wt% slurry density.

= | v |V Exp. RPM  Slurry Density wi%
280 i o Il ¢ V 1 490 20
490 20
'\ A= lll——V me 400 10
\ v 400 30
i 2% Fia Vo500 10
5 \ 8 VI 590 30
|
w VY
2 20| &
| m
£y \
-
B A
Q220 g " .
3
4 - " "
200 . *
S
180 . L . . .
60 120 180 240 300 360
Time (min)

Fig. 3. Redox potential (mV vs. SHE) as a function of time
during thiosulfate batch leaching for pressure oxidized gold concentrate

The pH was measured during the gold concentrate thiosulfate leaching
experiments. The pH was shown to decrease by approx. 0.2 pH units during all of the
batch leaching experiments.

Although the redox potentials (Fig. 3) suggest that the concentrate dissolution
continued throughout the entire six-hour leaching with 10 wt% and for four hours with
20-30 wt%, Figure 4 shows that the maximum gold dissolution was already reached
after 1-2 hours in most of the experiments. This indicates that there were other
elements than gold present in the concentrate that dissolved slightly or, possibly, the
thiosulfate was being degraded, decreasing the redox potential over time. Figure 4 also
suggests that higher mass transfer (higher rotation rate) did slightly favour higher gold
recoveries into the solution.

A fire assay analysis (FA) for a leach residue is known to be a more accurate
analysis for gold recovery compared to solution analysis from frozen thiosulfate
solution samples. For that reason the final gold recovery was determined by FA and
the results are presented in Table 4. It was shown that the gold recovery to the solution
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varied between 81 — 89%. It can be clearly seen that at 10 wt% and 20 wt% slurry
density (Exp. I, 1I, 1l and V), higher gold recoveries were achieved compared to
experiments with high solid density (30 wt% in Exp. IV and VI). In the studied
environment, the effect of mass transfer rate (mixing speed) was not shown to have an
effect on the final gold recovery based on solid analysis. However, the redox
potentials in Fig. 3 and the solution analysis in Fig. 4 suggest that the effect of mass
transfer (mixing speed) may have an effect on gold recovery at lower leaching times.
The gold recovery cannot be directly interpreted from the solution analysis, since the
amount of concentrate, and thus the amount of gold exposed to leaching varied in
experiments 1-VI.

| v IV
e Vv
A Il VI

3 & =
. T :
.

e 4 A

Dissolved gold (mg/dm?)
@ w0
_"_
-
[ 1%
L [}

=

>e
"
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e —
1 3

0 I 1 L I 1
0 60 120 180 240 300 360

Time (min)

Fig. 4. Concentration of dissolved gold in solution as a function of leaching time
during thiosulfate batch leaching for pressure oxidized gold concentrate

Table 4. Measured Au leaching efficiency
based on the solid analysis of pressure oxidized gold concentrate

Exp. Au yield
%
| 88
1l 88
11 88
v 82
\% 89
Vi 81

Conclusions

Temperature was shown to have the most significant effect on the gold leaching rate in
the quartz crystal microbalance experiments. Also, the increase in thiosulfate
concentration resulted in a higher gold leaching rate at the investigated concentration
range (0.1-0.2 M). (NH,),S,0; was shown to result in a slightly higher gold
dissolution rate compared to Na,S,0s.
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It was observed that at low NH;:S,0; ratio equal to 2, the oxidative power had a
negative impact on the gold dissolution rate, suggesting that an increase in potential
can either enhance degradation of thiosulfate at lower NH; concentration or
unfavorably alter speciation of copper complexes, decreasing the gold dissolution rate.
Conversely, at high NH3:S,03 ratio equal to 6, positive impact of oxidative power was
observed. An increase in the oxidative power may change the speciation of copper
complexes favorably or decrease thiosulfate degradation, increasing the gold
dissolution rate.

At 0.1 M thiosulfate concentration, the combined effect of temperature and
ammonia was a statistically significant parameter, and the gold dissolution rate
improved with increasing these parameters. At a higher thiosulfate concentration (0.2
M), the combined effect of the potential applied and ammonia concentration was
shown to be significant.

The batch reactor leaching series was conducted for pressure oxidized gold
concentrate. The analysis of a redox potential showed that leaching was nearly
completed after six hours of leaching experiments, with the redox potential decreasing
faster in the presence of higher solid mass or higher mass transfer. However, the
solution analysis indicated that gold dissolution was already complete in most of the
experiments after 1-2 hours of leaching.

The final gold leaching efficiency based on the analysis of solids amounted to 81—
89%, with a lower solids concentration favoring higher gold extraction. The rotation
rate was shown to have no effect on the gold leaching efficiency.
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