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A B S T R A C T

Trace gold(I) recovery from thiosulfate solutions limits the application of thiosulfate leaching instead cyanide 
leaching method in industries. Here, facet engineering in cadmium sulfide (CdS) was proposed for trace gold(I) 
recovery from thiosulfate solutions (Au(S2O3)2

3− ). CdS nanomaterials with various exposing facets were obtained 
through adjusting the sulfur sources in hydrothermal synthesis process. It was found that Au(S2O3)2

3− recovery 
could reach 98.62 % under low concentration conditions, with a max reduction capacity of 204.95 mg/g. Be
sides, the recovery form of Au(S2O3)2

3− on CdS was metallic gold, realizing the reduction and recovery at the 
same time. The solution pH, sample dosage, S2O3

2− , SO3
2− , and ammonia ions as variants were considered to 

optimize the recovery performances. Even under the existence of interfered ions, the recovery kept very high. Au 
(S2O3)2

3− reduction on CdS was attributed to catalytic and chemical reduction. High exposed (002) facet content 
of CdS enhanced photocurrent intensity, thus improving Au(S2O3)2

3− reduction and recovery. Therefore, the work 
paved a way to realize trace gold(I) recovery from thiosulfate solutions via structure engineering in CdS, being 
expected to promote the application of thiosulfate leaching method.

1. Introduction

Gold (Au) with excellent high-temperature resistance [1], stability 
[2], and ductility [3] was widely used in aerospace [4], medical 
equipment [5], electronic industry [6] and other fields [7]. The 
extraction of gold came from various resources, but primarily gold ores 
[8] and urban mines [9]. At present, the main leaching method in fac
ulties is cyanide leaching, which occupies about 90 % [10]. However, 
the well-known toxic cyanide-contained substances were produced 
during leaching process, extremely polluting ecosystems and endan
gering human health [11]. Therefore, it is urgent to develop non-cyanide 
leaching method for green recovery of gold.

Currently, non-cyanide leaching ways include thiourea [12], cupric 
chloride [13], ammonia [14], thiosulfate [15,16] leaching method, etc. 
Among these methods, the advantages of thiosulfate leaching were its 

environmental protection [17], fast leaching rate [18], and relatively 
low operating cost [19], while avoiding toxic chemicals. Nevertheless, 
the difficulty in recovering low-concentration gold complex ion (Au 
(S2O3)2

3− ) from thiosulfate leaching solution had become a significant 
technical bottleneck [20].

Typical gold recovery methods were solvent extraction [21], ion 
exchange [22], and cementation [23], adsorption [24], while they were 
hardly applied in actual Au(S2O3)2

3− recovery because of high cost, or 
low recovery. Besides, whatever using which recovery way, the leaching 
methods are three steps, adsorption, desorption, and reduction [25]. 
Recently, reduction-recovery method [26] based on catalysis is pro
posed to realize adsorption and reduction of Au(S2O3)2

3− together. Un
satisfactory, the recovery of low-concentration Au(S2O3)2

3− through 
reduction-recovery had not been researched.

Cadmium sulfide (CdS) with abundant surficial sulfur atoms was 
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prone to adsorb gold complex ions according to Hard-Soft-Acid-Base 
theory [27]. In addition, CdS could make better use of visible light 
due to its narrow band gap (2.4 eV) [28], thus playing an important role 
in catalytic reaction. The conduction band of CdS [29] was lower than 
the reduction potential of Au(S2O3)2

3− /Au0(0.15 eV) [30], which was 
prone to reduce Au(S2O3)2

3− into Au0. Herein, it was expected to achieve 
reduction-recovery of Au(S2O3)2

3− from thiosulfate leaching solutions.
CdS with hexagonal phase crystal structure possesses various surfi

cial properties due to its different surface energy [31]. The changeable 
energy band structure would be driven by the variation of crystal 
structure, and then catalytic activity was modulated as well [32]. Based 
on the above discussions, CdS exhibited excellent light absorption ca
pabilities, rich sulfur atoms and adjustable band structure, therefore it 
could achieve the efficient reduction-recovery of low-concentration Au 
(S2O3)2

3− .

2. Materials and methods

2.1. Materials

The reagents used for preparing CdS including cadmium nitrate 
tetrahydrate (Cd(NO3)2⋅4H2O) and thiourea (CN2H4S, TU), were all 
acquired from Shanghai Macklin Biochemical Co., Ltd., China. Sodium 
sulfite (Na2SO3) was bought from Yunguan (Shanghai) Biotechnology 
Co., Ltd., China. Sodium thiosulfate pentahydrate (Na2S2O3⋅5H2O), 
ammonium thiosulfate ((NH4)2S2O3), thioacetamide (CH3CSNH2, TAA) 
and ethanol absolute (C2H5OH) were obtained from Merck Life Science 
Technology (Nantong) Co., Ltd., China. Ethylenediamine (C2H8N2, EDA) 
and sodium hydroxide (NaOH) were purchased from Sinopharm 
Chemical Reagent Co., Ltd., China. Hydrochloric acid (HCl) was ob
tained from Shanghai Aladdin Biochemical Technology Co., Ltd., China. 
N-BOC-L-Cysteine (C8H15NO4S, L-Cys) was bought from Ningbo Haide 
Insu Biotechnology Co., Ltd., China. Standard gold solution (HAuCl4, 
1000 mg/L) of analytical grade was bought from Well Group Scientific 
Ltd., USA and used without further purification. Aqueous ammonia 
(NH3⋅H2O) was gained from Dongguan Xunye Chemical Reagent Co., 
Ltd., China.

2.2. Samples preparation

In this experiment, CdS was prepared by the one-pot hydrothermal 
method. Cadmium (Cd(NO3)2⋅4H2O) and sulfur sources (L-cys) were 
added into mixed solution (20 ml EDA and 10 mL ultrapure water), 
being stirred for 30 min at 600 rpm. The above solution was placed in 
Teflon-lined stainless-steel autoclave and kept at 180 ◦C for 12 h. After 
cooling to room temperature, the obtained products were filtrated, 
washed with ultrapure water and ethanol, and dried at − 60 ◦C in vac
uum. First, we explored the effect of solvent by Cd(NO3)2⋅4H2O (2 
mmol), EDA and 67 % EDA (4 mmol), and the obtained samples were 
named as CdS-L-Cys-EDA, CdS-L-Cys-67%EDA. Then, effect of sulfur 
sources was investigated using Cd(NO3)2⋅4H2O (3 mmol), TAA and TU 
(9 mmol), and corresponding samples were named as CdS-TAA and CdS- 
TU.

2.3. Experimental design

Adding HAuCl4 into (NH4)2S2O3 solution was to prepare Au(S2O3)2
3−

solution as described in previous works [33]. 5 mg CdS was added into 
100 mL Au(S2O3)2

3− solution with concentration of 10 mg/L and reacted 
with stirring of 500 rpm at room temperature. At different time (0, 1, 2, 
3, 5, 8, 10 h) intervals, certain amount of solution was extracted and 
filtered through 0.22 μm membrane for testing the concentration. Effects 
of environmental conditions including pH, initial concentration, light, 
catalyst dosage, and interferential ion on Au recovery were investigated. 
Concentration of Au was determined by an atomic absorption spec
trometer (280Z AA, America).

Au recovery ability was evaluated by reduction capacity (Re, mg/g) 
and recovery (R, %) by the following equations: 

Re = (C0V0 − CV)/m (1) 

R =
C0 − C

C0
× 100% (2) 

where C0 and C were Au concentration before and after the reaction, 
respectively, mg/L; V0 and V denote the volume of solution before and 
after the reaction, respectively, L; and m was the mass of the sample, g.

2.4. Material characterization

Phase, crystallinity, and preferred orientation of CdS were analyzed 
using X-ray diffraction (XRD) with Cu Kα (Bruker D8 ADVANCE, Ger
many). Micromorphology and element distribution on the surface of CdS 
were characterized using scanning electron microscopy (SEM, ZEISS 
Sigma 300, Germany) and transmission electron microscopy (TEM, 
JEOL JEM F200, Japan). X-ray photoelectron spectroscopy (XPS, K- 
Alpha, USA) was used to obtain the valence states of CdS before and after 
the reaction, while the atomic absorption spectrometer (280Z AA, USA) 
determined Au concentration in the solution. Raman spectroscopy analy 
(DXR, USA) based on helped analyze the molecular structure of CdS. To 
study surficial charges of solid–liquid interface, a Zeta potential analyzer 
(Zetasizer Nano ZS90) was used. Light adsorption ability was evaluated 
through UV− vis spectra (Shimadzu UV-3600 spectrophotometer, 
Japan). The optoelectronic properties of CdS were tested on a model 
VersaSTAT-450 electrochemical workstation in Princeton, USA. The 
fluorescence spectrophotometer (FLS1000, UK) tested the composite 
case of photogenerated carriers. Micromeritics ASAP 2460 automatic 
specific surface area and porosity analyzer (USA) was used to obtain the 
specific surface area and pore structure information.

3. Results and discussion

3.1. Characterization

Crystal and molecular structures were characterized by XRD and 
Raman test, as depicted in Fig. 1a, b. XRD patterns (Fig. 1a) showed that 
the peaks of CdS-L-Cys-EDA, CdS-L-Cys-67 %EDA, CdS-TAA and CdS-TU 
at 24.8◦, 26.5◦, 28.2◦, 36.6◦, 43.6◦, 47.8◦, 50.9◦, 51.8◦, 52.8◦, and 66.8◦

were consistent with (100), (002), (101), (102), (110), (103), (200), 
(112), (201) and (203) facets of the hexagonal structural CdS standard 
cards (JCPDS 41-1049) [34,35], respectively. Specially, the related peak 
intensity of (002) in CdS-TU was highest, while lowest of that in CdS- 
Cys-EDA. Raman peaks at 300 cm− 1 and 602 cm− 1 (Fig. 1b) repre
sented the first order (1 LO) and second order (2 LO) longitudinal optical 
phonon mode of CdS [36]. Red shift was due to the reduced crystal size 
under phonon constraint effect. The above results demonstrated the 
successful preparation of pure-phase CdS through adjusting various Cd 
and S sources.

Microscopic morphologies of CdS-L-Cys-67%EDA, CdS-TAA, and 
CdS-TU were characterized using SEM (Fig. 1c–e). CdS-L-Cys-67%EDA 
synthesized with L-cys displayed a structure composed of multiple short 
nanorods stacked together (Fig. 1c). In contrast, CdS-TAA prepared with 
thiourea revealed a distinct morphology with a few notably longer 
nanorods, attributing to its enhanced orientation along the (002) crystal 
plane (Fig. 1d). Longer the one-dimensional branched architecture is 
more beneficial for (002) facet exposing. As for CdS-TU, showcasing a 
different arrangement where unevenly lengthen short nanorods inter
lace (Fig. 1e). This unique formation potentially contributed to porous 
structure, thereby minimizing stacking, and enhancing the availability 
of active sites for photocatalytic reactions, ultimately augmenting the 
catalytic activity.
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3.2. Recovery performances

To investigate Au recovery performances by CdS, various samples 
were applied on Au(S2O3)2

3− recovery in Fig. 2a. Au(S2O3)2
3− recovery 

quickly increased with the increased time. When time reached 8 h, CdS- 
TU had the maximum recovery of Au(S2O3)2

3− (98.62 %). Accordingly, 
the recovery rate using CdS-TU was the fastest in Fig. 2b. Studies have 
shown that by synthesizing CdS with a hexagonal, branched dendritic 
configuration in a TU solution, it is possible to achieve superior catalytic 
ability. This enhancement was attributed to one-dimensional branched 
architecture with more (002) facet exposing, smallest resistance to 

electron transfer across interfaces, and a conduction band bottom that is 
significantly more negative [37]. Therefore, CdS-TU was chosen for 
subsequent experiments to explore the feasibility of CdS in low- 
concentration Au(S2O3)2

3− recovery.

3.3. Effects of environmental conditions

Effect of light conditions on Au reduction-recovery performance was 
studied (Fig. 3a, b). It showed that the recovery (97.26 %) in the light 
condition was higher than that in dark condition (50.45 %), exhibiting 
that light played an important role in the reduction-recovery process. 

Fig. 1. XRD patterns (a) and Raman spectra (b) of CdS-L-Cys-EDA, CdS-L-Cys-67 %EDA, CdS-TAA and CdS-TU. SEM images of CdS-L-Cys-67 %EDA (c), CdS- TAA (d), 
and CdS-TU (e).

Fig. 2. Au(S2O3)2
3− recovery (a) and reaction rate (b) by CdS-L-Cys-EDA, CdS-L-Cys-67%EDA, CdS-TAA and CdS-TU.
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The related reduction capacity was up to 204.95 mg/g. Fig. 3c, d showed 
the recovery and reduction capacity of Au(S2O3)2

3− under various initial 
concentration ranges (from 0.514 mg/L to 10.625 mg/L). With 
increasing time, Au(S2O3)2

3− recovery revealed a sharp increase and then 
balance. Under the low initial concentration condition, recovery could 
achieve ~95 %. With the attraction of S atoms to gold complex, Au 
(S2O3)2

3− migrated to the surface of CdS by photoelectron reduction. 
When the initial concentration increased, immigration of Au(S2O3)2

3−

would be gradually consumed by a reduction, thus exhibiting a high 
amount of gold recovery. The above results indicated that CdS had great 
potential in low-concentration Au(S2O3)2

3− recovery.
The solution pH not only affected the surface charges of material but 

also changed the content of H+ and OH− . Since stable solution envi
ronment for Au(S2O3)2

3− was alkaline, pH was considered from 8 to 12 

(Fig. 4a). Recovery gradually increased as initial pH value of the solution 
increased. When reaching 10, Au(S2O3)2

3− recovery is the maximum 
(98.22 %). The result shown in Fig. 4b indicated that there are iso
electric points (between pH of 10 and 11) on CdS, and negatively 
charged CdS when pH was higher than 11. When pH is lower than 10, 
free anions (S2O3

2− ) would compete with Au(S2O3)2
3− for the reactive 

sites on CdS through electrostatic interaction. As for pH of higher than 
10, the Au(S2O3)2

3− recovery was slightly decreased. It was worth noting 
that under strong alkaline conditions, there was no electrostatic 
attraction between Au(S2O3)2

3− and CdS, which indicated that electro
static interaction was not the main reason for Au(S2O3)2

3− adsorption. 
Moreover, Au(S2O3)2

3− recovery performance with various usage of 
materials was studied (Fig. 4c, d). With the increased usage, the Au 
(S2O3)2

3− recovery increased while oppositely in recovery capacity. It 

Fig. 3. Effect of environmental conditions on Au(S2O3)2
3− recovery: light (a, b), and initial concentration (c, d).

Fig. 4. Effect of environmental conditions on Au(S2O3)2
3− recovery: pH (a), and dosage of material (c, d) using CdS. Zeta potential of CdS (b).
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indicated that little amount of CdS realized efficient Au recovery.

3.4. Existence of interferential ions

In the thiosulfate leaching process, thiosulfate and ammonia ions 
were excessively for better leaching gold [38], which would seriously 
affect the Au(S2O3)2

3− recovery, especially at a low concentration. As a 
main by-product of S2O3

2− , SO3
2− would obviously affect the recovery 

performances [39]. Thus, we choose them as interferential ions to 
investigate the recovery performances in this section. With the aim of 
applying CdS in actual leaching solution, various concentrations of 
S2O3

2− were added in Au(S2O3)2
3− solution. The recovery performances 

were recorded in Fig. 5a, b. More S2O3
2− was added, and Au(S2O3)2

3−

recovery decreased. This phenomenon originated from the competition 
of S2O3

2− with Au(S2O3)2
3− on CdS. To some extent, Au recovery kept 

very high when the excess S2O3
2− concentration was lower than 1.41 mg/ 

L. SO3
2− was one of the main oxidative decomposition products of 

S2O3
2− [40]. In thiosulfate leaching process, it can be used as an additive 

to significantly improve the consumption of leaching reagent. Fig. 5c, 
d displayed the recovery ability of Au(S2O3)2

3− on CdS in the presence of 
different concentrations of SO3

2− . Au(S2O3)2
3− recovery was influenced 

by various amounts of SO3
2− , which might be due to the interaction 

between SO3
2− and S within the CdS. However, its overall influence 

appears to be minimal [41]. Ammonia usually is added in thiosulfate 
leaching solutions to accelerate gold leaching rate [42]. Here, it was 
researched as an impact on the gold recovery, as shown in Fig. 5e, f. As 
increasing proportion of ammonia in solution, there was little influence 

on the recovery and reduction capacity. This was because the formation 
of ammonia was with positively charged, and couldn’t compete with Au 
(S2O3)2

3− with negatively charged.

3.5. Au state after recovery

With the aim of investigating Au state after recovery, the chemical 
component was studied by XPS. In Fig. S1, XPS survey of CdS before and 
after recovery confirmed the existence of Au on CdS because of the 
appearance of Au characteristic peaks. Two characteristic diffraction 
peaks at 84.00 eV and 87.68 eV in XPS Au 4f spectrum (Fig. 6c) were 
ascribed to Au0 [43], demonstrating that Au(S2O3)2

3− was recovered as 
the form of gold particles. Through comparing the result of XPS Cd 3d 
(411.97 and 411.99 eV, 405.23 and 405.25 eV) and S 2p (162.80 and 
162.82 eV, 161.58 and 161.59 eV) [44] before and after reaction in 
Fig. 6a, b, the peaks changed little, which indicated that the reduction- 
recovery of Au(S2O3)2

3− was dominated by catalytic reduction.
Combined with the XRD result of CdS after recovery, it further 

demonstrated the Au state of gold particles. As displayed in Fig. 6d, the 
obvious new characteristic diffraction peaks at 38.2◦, 44.5◦, 64.6◦, and 
77.7◦ were ascribed to gold metal (111), (200), (220) and (311), 
respectively [45]. In addition, it was found that light was necessary in 
the reduction-recovery process because Au(S2O3)2

3− was reduced into 
gold particles through photoelectrons produced by CdS. Due to the small 
amount of gold particles under dark condition, it is hard to be detected 
in XRD result. So, we provided the XPS to reveal the Au state after re
covery in Fig. S2. It is showed that the two peaks in Au 4f ascribing to 

Fig. 5. Effect of S2O3
2− (a, b), SO3

2− (c, d), and ammonia (e, f) on the Au(S2O3)2
3− recovery and reduction capacity.
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Au0 demonstrated the existence of chemical reduction. The instability of 
S on CdS [46] would reduce Au(S2O3)2

3− into gold particles as well.
TEM was used to analyze the morphology of CdS after recovery. As 

seen in Fig. S3 and Fig. 6e, the morphology was still nano-rods, and the 
lattice spacing of 0.334 nm was from (002) facet of CdS (Fig. 6f) [47]. 
Spherical nanoparticles with diameter of about 50 nm appeared and 
closely contacted with CdS. To determine the chemical composition of 
spherical particles, TEM corresponding mapping was analyzed 
(Fig. 6g–j). It revealed that the evenly distributed Cd and S elements on 
nano-rods CdS, while Au element was completely consistent with 

spherical particles. Based on the above discussions, the spherical parti
cles were gold particles. Herein, low-concentration Au(S2O3)2

3− could be 
efficiently recovered in the form of gold particles by reduction-recovery 
method of CdS.

3.6. Mechanism for Au(S2O3)2
3− recovery by CdS

Fig. 7a presents the transient photocurrent response of CdS-L-Cys- 
EDA, CdS-L-Cys-67%EDA, CdS-TAA and CdS-TU under multi-cycle 
illumination. With the power source toggled between 30 and 60 s, 

Fig. 6. The comparison of XPS spectrum of CdS-TU before and after reaction: Cd 3d spectrum (a), S 2p spectrum (b), the XPS spectrum of Au 4f (c), XRD patterns of 
CdS after Au(S2O3)2

3− recovery under dark and light (d), HR-TEM image (e, f), and EDS mapping (g-j) of CdS-TU after Au(S2O3)2
3− reduction-recovery.

J. Gao et al.                                                                                                                                                                                                                                      Journal of Molecular Liquids 413 (2024) 126018 

6 



four samples exhibit photocurrent signals, indicating that all samples 
can generate photoelectrons. Compared to CdS-TU, the dynamic tran
sient photocurrent response current values of CdS-L-Cys-EDA, CdS-L- 
Cys-67 %EDA and CdS-TAA are reduced. Therefore, CdS-TU, with a 
higher degree of (002) crystal plane orientation, produces more photo- 
generated carriers under light, which is more conducive to the separa
tion of photogenerated electron-hole pairs. Electrochemical impedance 
spectroscopy (EIS) is operated to further investigate the effective sepa
ration and transport of photo-generated carriers in activated CdS-L-Cys- 
EDA, CdS-L-Cys-67%EDA, CdS-TAA and CdS-TU. The diameter of the 
semicircle in the high-frequency region shown in Fig. 7b directly reflects 
the resistance encountered in the charge transfer process. Ranked by 
diameter size and the consistent transient photocurrent response trend: 
CdS-L-Cys-67%EDA < CdS-L-Cys-EDA < CdS-TAA < CdS-TU, the overall 
difference among them is not significant, representing that all four 
samples maintain a similar level of performance in transporting photo
generated carriers.

The effective absorption of light was a key parameter for catalytic 
reaction by catalysis, and was given using UV–Vis spectrum (Fig. S4). It 
indicated that the absorption edge of CdS was around 530 nm, allowing 
the occurred reaction under natural light. Bandgap (Eg) was calculated 
using the Kubelka-Munk equation [48]: 

(αhv)n
= A

(
hv − Eg

)
(3) 

where α, h, ν, and A respectively represented the absorbance, Planck’s 
constant (6.62607015 × 10− 34 J/s), the frequency of light, and constant. 
The value of n was related to the type of electronic transition in the 
photocatalyst, with n = 2 for direct bandgap photocatalysts and n = 1/2 
for indirect bandgap photocatalysts [49]. As calculated, CdS had a 
bandgap value of 2.368 eV (Fig. 7c).

Mott-Schottky analysis was utilized to examine flat band potential. 
The flat band potential (Efb) of CdS was measured using the Mott- 
Schottky plot, which indicated a value of − 0.797 V (vs. Ag/AgCl), as 
shown in Fig. 7d. Based on the Eqs. (4) and (5), the conduction band 

position of CdS was determined to be − 0.810 eV, while the valence band 
potential was 1.558 eV (vs. NHE). 

E(NHE) = E
(

Ag
AgCl

)

+0.197 (4) 

EVB = Eg + ECB (5) 

where ECB and EVB respectively represented the conduction band edge 
and the valence band edge, E(NHE) is the standard electrode potential, 

and E
(

Ag
AgCl

)

is the electrode potential when the reference electrode is 

silver/silver chloride.
According to the above results, the mechanism for efficiently 

reducing and recovering Au(S2O3)2
3− using CdS was schematically 

shown in Fig. 8. Since Au(S2O3)2
3− was an anion, it could be rapidly 

adsorbed to the surface of CdS by electrostatic attraction. Besides, based 
on HASB theory, Au(S2O3)2

3− could bind strongly with the S atoms in 
CdS. The conduction band position of CdS (− 0.810 eV) was lower than 
the redox potential of Au(S2O3)2

3− /Au0 (0.15 eV). When the incident 
photon energy was greater than the bandgap, Au(S2O3)2

3− could be 
reduced into gold particles on the surface of CdS. The possible chemical 
reaction was given as follows: 

CdS+ hv→e− + h+ (6) 

e− +Au(S2O3)
3−
2 →Au0 +2S2O3

2− (7) 

4. Conclusions

In the work, CdS with various exposed facets were prepared through 
adjusting sulfur sources in one-pot hydrothermal synthesis process. Au 
(S2O3)2

3− recovery by CdS obtained 98.62 % under low concentration 
condition, with a max reduction capacity of 204.95 mg/g. Low- 
concentration Au(S2O3)2

3− recovery by CdS was higher than 90 %. Au 

Fig. 7. Optical properties of CdS-L-Cys-EDA, CdS-L-Cys-67 %EDA, CdS-TAA and CdS-TU nanomaterials: transient photocurrent response (a), EIS impedance diagram 
(b), Tauc diagram (c), and Motto-Schottky diagram (d).
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(S2O3)2
3− was recovered on the surface of CdS as the form of gold metal. 

Au(S2O3)2
3− reduction was originated from catalytic and chemical 

reduction. Exposing more (002) facet in CdS facilitated the photocur
rent intensity, which was beneficial for catalytic reduction of Au 
(S2O3)2

3− . When pH was lower than a certain value, free anions (S2O3
2− ) 

would compete with Au(S2O3)2
3− for the reactive sites on CdS through 

electrostatic interaction. As increased usage, Au(S2O3)2
3− recovery 

increased while oppositely in recovery capacity. In the presence of 
interfered ions, Au(S2O3)2

3− recovery was little affected. Thus, the work 
gives an insight into trace Au(S2O3)2

3− recovery to proceed the appli
cation of thiosulfate leaching in factories.
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