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Abstract—In this study, the effects of thiourea (CH4N2S) on the efficiency of gold dissolution were investi-
gated for the extraction of gold from an oxide gold ore of the eastern Anatolia region, Turkey. In the thiourea
leaching experiments; several parameters such as particle size (–75, –53, and –38 μm), leaching time (30, 60,
120, 180, and 240 min), thiourea concentration (0.1, 0.25, 0.5, 1, and 1.5 mol/dm3), pH (1, 2, 3, 4, and 5),
and pulp temperature (20, 40, 60, and 80°C) were examined using hydrogen peroxide (H2O2) as an oxidant.
The results from these experiments showed that the highest efficiency for Au dissolution was obtained as
91.94% at –38 μm particle size, 120 min of leaching time, 1 mol/dm3 thiourea concentration, pH 1, and 80°C
pulp temperature. The results obtained from this study indicated that the thiourea leaching could be evaluated
as an alternative method for the dissolution of gold from oxide gold ores.

DOI: 10.3103/S1067821221050084

1. INTRODUCTION
Gold has been one of the most popular metals with

its fundamental properties because of its easy handling
and acid resistance since ancient times [1]. The
world’s gold mining has been growing since the 1970s
with the rapid rise in gold prices and the impact of new
developments in gold processing technologies [2].
Especially in recent years, Turkey’s gold exports have
increased considerably. Due to the physical and chem-
ical properties of gold, the importance given to gold
production in the world and Turkey has been increas-
ing gradually, thus the need for gold is also increasing.
Having a wide range of uses, gold has become an
important economic gain for gold-producing coun-
tries [3, 4].

Depending on the formation and mineral contents,
physical methods (jigging, shaking table, spiral, and
heavy medium separation) for liberated and coarse-
grained gold, physico-chemical methods (f lotation
and amalgamation), and chemical methods (leaching)
are the main production technologies for free and
fine-grained gold or sulphide and telluride minerals
containing gold [5–8].

Today, 85% of the world’s gold production is real-
ized with cyanide leaching generally used for the pro-
cessing of low-grade gold ores, which are difficult to
process with physical and physico-chemical methods.
Despite the high efficiency of cyanide leaching, alter-
native methods have also been investigated in gold
processing due to reasons such as environmental con-
straints on the use of cyanide and potential negative
effects on living health [9–13].

Thiourea, which amongst the investigated reagents
such as chlorine, thiosulfate, and alkaline chemical
substances that could be an alternative to cyanide, has
become more prominent because it has faster leaching
kinetics and less toxicity than cyanide, and it is less
prone to the other ions in the environment [14].

Several studies on the gold recovery with the
thiourea process are available in the literature. Prom-
ising results have been obtained from these studies
investigating the use of thiourea as an alternative to
cyanide in the recovery of precious metals, especially
from gold and silver containing refractory and sul-
phide ores. As one of the initial studies on the subject,
Groenewald (1976) investigated the gold recovery with
thiourea leaching and stated that the use of iron(III) as
the oxidant provides rapid dissolution of gold. On the
other hand, it was also stated that the use of iron(III)
was an unattractive option in thiourea leaching sys-
tems because it also leads to higher thiourea consump-
tion [15]. Despite this shortcoming, ferric ion was also
used as the oxidant by Shengming et al. (1996). The
results of the study, where hydrochloric acid was used
to provide acidic conditions, indicated that thiourea
and hydrochloric acid concentration showed the most
prominent effects on the leaching of gold, while the
effect of ferric ion was limited [16]. Moreover, Ubald-
ini et al. (1998) investigated the gold recovery with
thiourea using solid ferric sulphate [Fe2(SO4)3] as the
oxidant and obtained about 80% gold recovery from a
domestic ore from Italy [17]. Although the acidic con-
ditions have been generally preferred in thiourea
leaching systems, the results of the study by Wei et al.
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Table 1. Chemical analysis results of the sample

* LOI: Loss in ignition.

Content, % Assay value Content, % Assay value

SiO2 82.91 TiO2 0.91
Al2O3 4.92 P2O5 0.08
Fe2O3 5.74 MnO 0.01
CaO 0.23 Cr2O3 <0.01
MgO 0.07 S 0.78
K2O 0.60 LOI* 3.64
Na2O 0.03 Total 99.93

Fig. 1. Particle size distribution of run-of-mine (ROM)
and roll crusher (RC) output samples.
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(1999) confirmed that dissolution of gold could also be
accomplished in the alkaline thiourea solution in the
presence of sodium persulfate (Na2S2O8) as the oxi-
dant [18]. Orgul and Atalay (2002) studied the reac-
tion of the chemistry with thiourea leaching of Kay-
maz (Turkey) gold ore, again using Fe3+ as the oxi-
dant. The authors reported that the thiourea
consumption was proportionally related to oxi-
dant/thiourea molar ratio, and ferric sulfate could
make thiourea processing expensive in comparison to
cyanidation [19]. Gönen et al. (2007) investigated the
recovery of gold from refractory gold ore with
thiourea. It was stated that the lower leaching rate and
high lixiviant and oxidant consumptions were import-
ant disadvantages of the system [14]. In addition to the
gold ores, the applicability of the thiourea leaching for
the recovery of gold from secondary resources has
been also investigated. Jing-Ying et al. (2012) investi-
gated the gold and silver recovery of thiourea from
printed circuit boards of waste mobile phones [20].
Birloaga et al. (2013) studied the effects of various fac-
tors on hydrometallurgical processes in copper and
gold recovery from waste circuit boards and obtained a
gold recovery of about 70% with thiourea [21]. The
results of these works, where Fe3+ and H2O2 were suc-
cessfully used in the former and latter studies, respec-
tively, showed that the thiourea leaching was also an
amenable method for the recovery of gold and other
noble metals from secondary resources. Further
details on the additional studies on the gold leaching
with acid thiourea solution can be seen from the com-
prehensive review by Li and Miller (2006) [22].

Although ferric sulphate is generally used as an oxi-
dizer of choice in the gold recovery with thiourea
leaching, different oxidants have also been investi-
gated [22]. However, the use of hydrogen peroxide as
an oxidant has been studied in a limited number of
studies [15, 21, 23, 24]. Hydrogen peroxide, which can
be described as a moderately strong oxidant in the
thiourea leaching system, is among the suitable alter-
natives to atmospheric oxygen as its decomposition
yields only oxygen and water [15, 25].

Additionally, designing a hydrometallurgical
experimental work is a complex task involving various
ore properties and their combined effects on the avail-
able treatment methods. Specifically, criteria such as
ore type and selectivity should be considered for gold
lixiviants [26, 27]. In this context, this study aimed to
investigate the amenability of acidic thiourea-hydro-
gen peroxide system as an alternative to cyanide leach-
ing and the optimization of leaching conditions for the
extraction of gold from an oxidized gold ore from the
eastern Anatolia region, Turkey.

2. EXPERIMENTAL
2.1. Materials

The oxidized gold ore sample used in the experi-
mental studies was obtained from a gold mine of a pri-
RUSSIAN JOURNAL OF NON-FERROUS METALS  Vo
vately owned company operating in the eastern Anato-
lia region, Turkey. The moisture analysis of the sample
at 105°C in a laboratory-type oven (Memmert, Ger-
many) showed that the sample had 20.45% total mois-
ture. The average density of the sample was deter-
mined as 2.62 g/cm3 using a pycnometer method
(Isolab, Germany). The chemical analyses of the sam-
ple were also performed by the ICP-MS method using
the Thermo Elemental X Series ICP-MS device, and
the Au content of the sample was determined as
2.461 ppm. The contents of major oxides and other
elements in the sample are presented in Table 1.

To prepare the samples for the characterization and
the leaching experiments, a jaw crusher (Denver,
USA) and a roll crusher (Unal Engineering, Turkey)
were used in primary and secondary crushing stages,
respectively. Secondary crushing was realized in three
stages, and the sample size was reduced to –4 mm. As
a result of the particle size analysis carried out by the
sieving method on the original (run-of-mine, ROM)
and crushed samples, the d50 and d80 sizes of the orig-
inal sample were found to be 1.27 and 5.7 cm, respec-
tively (Fig. 1), and the d50 and d80 sizes of the roll
crusher (RC) output were found to be 0.71 and
1.65 cm, respectively (Fig. 1).
l. 62  No. 5  2021
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Fig. 2. XRD result of the sample.
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The results of the XRD analysis showed that the
sample mostly contained quartz at high levels (Fig. 2).
Moreover, kaolinite was determined as the main sec-
ondary peak. Additionally, coesite, ammonioalunite,
and hematite were determined as minor peaks. As a
result of the simultaneous evaluation of the ICP and
XRD analyses, the semi-quantitative mineralogical
composition of the sample was determined as quartz
(75.45%), kaolinite (9.61%), and other mineral phases
(14.94%). Additional mineral phases, which were not
detected in the XRD analysis due to the detection lim-
its of the method, were revealed by optical microscope
studies.

In the optical microscope examinations, quartz
was found to be the dominant mineral phase in the
sample (Fig. 3), which is in agreement with the results
of the XRD analysis. Additionally, chlorite, feldspar, and
opaque/iron-rich phases such as hematite and magnetite
were also encountered in the sample. On the other hand,
pyrite, mica, and rutile were observed in trace amounts.
It was observed that the gold in the sample was mainly
associated with quartz grains (Fig. 3).

2.2. Methods

In the context of the experimental studies, pH pro-
file measurements were performed before the leaching
experiments to determine the time-dependent change
in pH of suspensions prepared using the sample and
different acidic and alkaline solutions, and the buffer-
ing properties of the sample. The suspensions at 1%
solids ratios were prepared by mixing 1 g of sample
(d100 = –75 μm) with 100 mL of acidic and alkaline
solutions at different pH values. Desired pH values of
the acidic and alkaline solutions were adjusted by
RUSSIAN JOURNAL 
using 0.1 M NaOH or 0.1 M HCl, respectively. The
prepared suspensions were then stirred using a mag-
netic stirrer at room temperature (24°C) at 500 rpm,
and the pH profiles of the suspensions at each initial
pH level were recorded for 1 h.

The roll crusher output was ground to obtain parti-
cle sizes of –75, –53, and –38 μm by grinding in a
closed circuit ball mill process, and then, representa-
tively sub-sampled with a splitter to be used for the
leaching experiments. There was no significant vari-
ance or nugget effect was observed in the preliminary
analyses on the sub-samples as Au was generally
locked with the quartz particles rather than completely
liberated gold grains. The leaching process was carried
out in a shaking water bath with mixing speed and
temperature control, and after the leaching, solid-liq-
uid separation was applied to the suspensions. The
evaluation of leaching performance was realized by
ICP-MS analyses on the residues which were obtained
after the leaching procedure due to the relatively low
Au grade of the ore and weight (50 g) of the feed sam-
ples, in addition to the low Au concentration of the
leach liquors (~5 × 10–4 g/dm3).

The evaluation of leaching performance by the
analyses of residue grade has been a common practice
in the related literature [28–31]. The residues
obtained from the leaching experiments were dried at
105°C for 12 h, and subsequently, the chemical analy-
ses of the samples were carried out using the ICP-MS
method. The error of analyses was approximately
±0.01 ppm. The leaching efficiency was calculated
according to Eq. (1):

(1)( ) ( )
( )

× − ×= ×
×

f Au r Au

f Au

%L.E. 100,
M F M R

M F
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Fig. 3. Optical microscopy images of the sample.
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where L.E. is leaching efficiency, Mf is the mass of
feed, Mr is the mass of residue, F is Au grade of feed in
ppm, and R is Au grade of residue in ppm. However,
the leaching efficiencies were calculated based only on
the Au grades of the feed and residue as no significant
change was obtained in the mass after the leaching
process.

Thiourea (CH4N2S) dissolves in water and forms
cationic species with gold according to the reaction
given in Eq. (2) [15, 19]:

(2)

However, to achieve an acceptable leaching rate,
the presence of an oxidant is necessary. The oxidant
also oxidizes the thiourea and forms formamidine
disulphide, which is also an oxidant itself. The mech-
anism of oxidation of thiourea by hydrogen peroxide
(H2O2) and formation of formamidine disulphide
[NH2(NH)CSSC(NH)NH2] in the acidic (at pH 1.5)
thiourea leaching system is given in Eqs. (3) and (4)
(17, 19, 32, 33).

(3)

(4)

Analytical grade (≥99%) thiourea was used as the
lixiviant in the leaching experiments. Hydrogen per-
oxide (50 wt % in H2O) was used as an oxidant in the

+ −+ → +0
2 2 2 2 2Au 2CS(NH ) [Au(CS(NH ) )] e .

2 2 2 2 2 2SC(NH ) H O HOSC(NH)NH H O,+ → +

2 2 2

2 2 2

HOSC(NH)NH SC(NH )
NH (NH)CSSC(NH)NH H O.

+
→ +
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leaching experiments. Moreover, sulphuric acid
(H2SO4) (98%) was used as a pH modifier in the
leaching experiments owing to some advantages over
HCl such as the lower price and easier handling
[34‒36].

In thiourea (CH4N2S) leaching experiments, the
optimum conditions were determined by investigating
the effects of parameters of –75, –53, and –38 μm
particle sizes; 30, 60, 120, 180, and 240 min leaching
times; 0.1, 0.25, 0.5, 1, and 1.5 mol/dm3 thiourea con-
centrations; 1, 2, 3, 4, and 5 of pH values; 20, 40, 60,
and 80°C pulp temperatures on the efficiency of Au
dissolution.

3. RESULTS AND DISCUSSION

3.1. pH Profile

As can be seen from the pH profile of the samples
given in Fig. 4, the sample does not show a tendency
to form a pH-dependent buffer at highly acidic and
alkaline pH values. There were no significant changes
in pH over 60 min for the measurements performed at
pH 2, 3, and 11. This finding indicated that the period-
ical pH control may not be necessary for the leaching
experiments to be performed in environments that
have acidity and alkalinity properties close to pH 2–3
and 11, respectively, in terms of regulating the
pH value of the medium. On the other hand, a slight
buffering effect was also observed in the measure-
l. 62  No. 5  2021
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Fig. 4. pH profile of the sample (solids ratio: 1%, stirring
speed: 500 rpm, suspension temperature: 24°C).
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ments performed at pH 5 and 9 as the pH of the
medium was tended to approach the pH of the ore in
DI water (~7.3). According to this finding, the pH of
the pulp was periodically measured at the leaching
experiments performed at pH 4 and 5.

3.2. Leaching Experiments

3.2.1. Effect of particle size. In the first group of
leaching experiments, the effect of the feed particle
size on the efficiency of Au dissolution was examined.
The variation of the efficiency of Au dissolution
depending on the particle size is shown in Fig. 5.

According to the results obtained from the experi-
ments, it was observed that the efficiency of Au disso-
RUSSIAN JOURNAL 

Fig. 5. The efficiency of Au dissolution as a function of
particle size (average ph: 3.1, leaching time: 2 h, solid/liq-
uid ratio (w/w): 1/4, CH4N2S concentration:
0.5 mol/dm3, H2O2 concentration: 0.5 mol/dm3, pulp
temperature: 40°C).
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lution increased in parallel to the decrease in the feed
particle size. The increase in the feed particle size
increased the efficiency of Au dissolution, which was
an expected result due to both the reasons for the
opening of the gold surfaces in the sample and the
increase of the specific surface area of the material.
This finding is in agreement with the previous litera-
ture where the leaching of gold from oxide ores was
investigated [37, 38]. The efficiencies of Au dissolution
were obtained as 63.08, 63.32, and 65.00% for –75, –53,
and 38 μm particle sizes, respectively. However, the
increase in the efficiency was not proportional to the
decrease in the particle size. This phenomenon can be
attributed to the simultaneous liberation of clay min-
erals within the ore and their prevention of further
increase of the efficiency of Au dissolution by absorb-
ing the lixiviant within their structure. On the other
hand, the relatively fine size of the Au phases in the
minerals could have been prevented the further
increase in Au dissolution efficiency apart from very
fine sizes. Therefore, the optimum particle size was
determined as –38 μm because the highest efficiency
for Au dissolution was obtained, and the feed with the
particle size of –38 μm was used in the subsequent
experiments.

3.2.2. Effect of pH. In these groups of experiments,
the effect of the acidity of the pulp on the efficiency of
Au dissolution was examined. The efficiency of Au
dissolution with respect to pH values is seen in Fig. 6.
As seen in Fig. 6 that the efficiency of Au dissolution
decrease with the increase in the pH value. The effi-
ciencies of Au dissolution for the pH values of 1, 2, 3,
4, and 5 were obtained as 78.53, 69.42, 65.00, 49.59,
and 34.73%, respectively. Previous work indicated that
there was an inverse relationship between pH value
OF NON-FERROUS METALS  Vol. 62  No. 5  2021

Fig. 6. The efficiency of Au dissolution as a function of pH
(particle size: –38 μm, leaching time: 2 h, solid/liquid
ratio (w/w): 1/4, CH4N2S concentration: 0.5 mol/dm3,
H2O2 concentration: 0.5 mol/dm3, pulp temperature: 40°C).
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Fig. 7. The efficiency of Au dissolution as a function of
leaching time (particle size: –38 μm, average pH: 1,
solid/liquid ratio (w/w): 1/4, CH4N2S concentration:
0.5 mol/dm3, H2O2 concentration: 0.5 mol/dm3, pulp
temperature: 40°C).
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Fig. 8. The efficiency Au dissolution as a function of
thiourea concentration (particle size: –38 μm, Average
pH: 1, leaching time: 2 h, solid/liquid ratio (w/w): 1/4,
H2O2 concentration: 0.5 mol/dm3, pulp temperature: 40°C).
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and yield and that the best efficiency for gold dissolu-
tion was obtained in high acidic media [3]. The
pH values investigated in this study supported the
findings of a previous study in terms of a general trend.
On the other hand, the variation of the increase
obtained in the efficiency of Au dissolution between
the experiments performed at pH 1 and 2 was higher
than the aforementioned study as the efficiencies of
Au dissolution were almost equal at the given
pH range. This observed difference could be related to
the different dissoluble species within ores with differ-
ent mineralogical compositions. Therefore, the opti-
mum pH value was taken as pH 1 where the highest
efficiency of Au dissolution was obtained with a rate of
78.53%.

3.2.3. Effect of leaching time. Figure 7 shows the
result for the efficiency of Au dissolution depending
on the leaching time. According to the results shown
in Fig. 7, it can be concluded that the thiourea leach-
ing had relatively fast kinetics compared to the cyanide
leaching, and the efficiency of Au dissolution
increased significantly to a certain point depending on
the leaching time. The efficiencies of Au dissolution
for the dissolution times of 30, 60, 120, 180, and
240 min were obtained as 11.58, 69.30, 78.53, 78.53,
and 78.61%, respectively. The optimum leaching time
was determined to be 120 min since a significant
change in the efficiency of Au dissolution was not
observed after 120 min with the increased leaching
time and reached the plateau point. The tendency of
the efficiency of Au dissolution to reaching a plateau
after a certain time can be explained by the fact that
the reactions of Au dissolution may have been com-
pleted or the solvent phase may have reached the
depletion point.
RUSSIAN JOURNAL OF NON-FERROUS METALS  Vo
3.2.4. Effect of thiourea concentration. The effi-
ciency of the Au dissolution as a function of the
thiourea concentration is shown in Fig. 8. In these
experiments, 0.1, 0.25, 0.5, 1, and 1.5 mol/dm3

thiourea concentrations were tested. It was observed
that the efficiency of Au dissolution increased to a cer-
tain point depending on the amount of thiourea and
tended to become fixed after this point. The efficien-
cies of Au dissolution were obtained as 73.21, 74.89,
78.53, 88.50, and 87.95% for the aforementioned
thiourea concentrations, respectively. Accordingly,
the optimum amount of thiourea was determined as
1 mol/dm3 where the highest efficiency of Au dissolu-
tion was obtained with a rate of 88.50%. The possible
reason for the increase in the thiourea amount does
not positively affect the dissolution efficiency after
1 mol/dm3 can be explained by the fact that the stoi-
chiometric reagent amount (~6.34 × 10–7 mol/dm3) is
met to complete the dissolution reactions at the
1 mol/dm3 thiourea concentration.

3.2.5. Effect of pulp temperature. In this group of
experiments, the effect of the pulp temperature on the
efficiency of Au dissolution was examined. The effi-
ciency of Au dissolution depending on the pulp tem-
perature is given in Fig. 9.

According to the results shown in Fig. 9, it was
observed that the efficiency of Au dissolution
increased in parallel with the increase in the pulp tem-
perature. In the chemical dissolution processes, the
reaction temperature is an important parameter
because it has a significant effect on both the dissolu-
tion time and the solubility of soluble elements in the
solvent phase. In these groups of experiments, the effi-
ciencies of Au dissolution were found to be 86.05,
88.50, 90.93, and 91.94% for 20, 40, 60, and 80°C pulp
l. 62  No. 5  2021
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Fig. 9. The efficiency of Au dissolution as a function of
leaching time (particle size: –38 μm, average pH: 1, leach-
ing time: 2 h, solid/liquid ratio (w/w): 1/4, CH4N2S concen-
tration: 1 mol/dm3, H2O2 concentration: 0.5 mol/dm3).
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temperature, respectively. As expected, the effect of
the pulp temperature on the efficiency of Au dissolu-
tion was generally less dramatic compared to the other
parameters investigated. This might be caused by the
decreased solubility of oxygen when elevating tem-
perature [39]. Accordingly, the optimum pulp tem-
perature was determined as 80°C where the highest
efficiency of Au dissolution at which a 1% yield
increase over 60°C, was obtained with a rate of
91.94%. However, since the increase in the efficiency
of Au dissolution has generally started to slow down
after 60°C, and considering the applicable limits in the
actual processing plant environment, the tempera-
tures higher than 80°C were not investigated in this
study. 

4. CONCLUSIONS

In this study, the effect of several leaching condi-
tions on Au dissolution with thiourea as an alternative
method, as the environmental and social impact of the
prejudice to cyanide consumption opens the way for
new processes, was investigated for the extraction of
gold from an oxidized gold ore of the eastern Anatolia
region, Turkey.

As a result of the characterization of the samples, it
was determined that the sample contained quartz at a
high rate and gold content (2.461 ppm) was associated
with quartz grains. The results of pH profile analysis
demonstrated that the sample showed no buffering
property at pH 2–3 and pH 11.

The gold extraction rate obtained within this study
(91.94%) is comparable in terms of the gold extraction
rates (69–95.5%) achieved in the previous work
[15, 21, 23, 24] on the subject, where thiourea
(CH4N2S)-hydrogen peroxide (H2O2) leaching system
RUSSIAN JOURNAL 
were used for the extraction of gold from various pri-
mary and secondary resources. The variance in the
extraction rates of gold is clearly associated with not
only the difference in physical, chemical, and miner-
alogical properties of ores and materials but also
experimental conditions, used in these studies.

On the other hand, to provide a better understand-
ing of the underlying mechanism behind the obtained
results, several other factors such as thiourea con-
sumption and oxidation-reduction potential of the
system should be investigated in future studies as they
have considerable effects on the efficiency of Au
extraction. Additionally, investigation of the cyanide
leaching for the Au extraction from the ore in terms of
a direct comparison of the kinetics of different systems
is also advised.

The results obtained from this study indicated that
the processing of oxidized gold ores using thiourea
leaching in the presence of hydrogen peroxide (H2O2)
as an oxidant is a considerable alternative to cyanide
leaching.
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