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Abstract It is well known that the gold ores containing a high content of arsenic
and antimony are very refractory. In this paper, the adverse effect of antimony on
the extraction of gold by pretreatment-cyanide leaching was discussed in detail.
Moreover, these processes of removing and recovering antimony from alkaline
sodium sulfide or hydrochloric acid systems were introduced. Last but not the least,
a novel cleaning technology for recovering antimony from refractory gold ores was
proposed. Antimony was dissolved into the solution with sodium sulfide and
sodium hydroxide as leaching agents. And then pressure oxidation technology was
applied to prepare sodium pyroantimonate from sodium thioantimonite solutions.
This process is more promising owing to its high removal ratio of antimony, low
production cost and environment friendly, which provides a positive guidance for
the extraction of antimony from antimonial refractory gold ores.
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Introduction

Gold is a strategic precious metal which can be widely used in gold ornaments,
currency reserves and high-tech industries. According to United States Geological
Survey (USGS), the amount of identified gold is 89,000 tons in the world, while a
third of which is contained in the refractory ores [1]. With the gradual depletion of
the high grade resources, refractory gold ores will become more and more
important. China produces 450 tons gold annually, which ranks 1st in the world.
Refractory gold ore (RGO) stands for the minerals for which gold leaching ratio
is less than 80% even after fine grinding. Especially for the arsenic containing
refractory ores, with fine gold particles even in micron size encapsulated in pyrite or
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arsenopyrite, the gold leaching ratio can be as low as 50%. Therefore, refractory
gold ore should be pretreated in order to improve gold leaching ratio.

There are many researches on the pretreatment methods of refractory gold ores.
But the most widely applied methods in industry are two stages roasting, pressure
oxidation and bacterial oxidation [2]. During the two stages roasting process,
arsenic and sulfur are oxidized and volatilized in the form of As,O5; and SO, while
porous calcine is produced for leaching. This method has been widely applied due
to its simple process and low cost. But Fe,O5 generated during the roasting process
would cause a secondary encapsulation, resulting in gold leaching ratios vary
between 75-92% and cyanide tailing with gold contents of 2.0-20.0 g/t. During
pressure oxidation process, pyrite and arsenopyrite are decomposed in the acidic
solution under high temperatures and oxygen pressures. This technology is efficient
and less sensitive to other impurities, moreover, high gold recovery (95-97%) can
be obtained. However, the large investment, high processing cost and large amount
of waste water and residue constrained its wide industrial application. Bacterial
oxidation is an advanced leaching technology. Pyrite and arsenopyrite can be
oxidized with bacteria in an environment-friendly way. This method has a simple
process, high leaching ratio of gold (92-95%) can be reached. The gold content of
cyanide tailing is 2.0-5.0 g/t. The main disadvantages are long oxidation period and
high investment, etc.

The influence of antimony on refractory gold ores pretreatment and following
leaching process was summarized in this paper. Moreover, the differences on
removing and recovering antimony between acidic and alkaline systems were
introduced. Finally, an environment friendly process of removing and recovering
antimony from antimonial refractory gold ores was proposed. This process provides
a positive guidance for the extraction of antimony from antimonial refractory gold
ores owing to high removal ratio of antimony and low production cost.

Effect of Antimony on Cyanide Leaching and Pretreatment

Effect of Antimony on Cyanide Leaching

The main antimony phase of antimonial refractory gold ores is stibnite (Sb,S3). In
the process of alkaline cyanide leaching, stibnite increases the consumption of OH ,
CN™ and O,. The main reactions are listed as follows:
SbyS3 +60H™ = SbO3>~ + SbS;°~ + 3H,0 (1)
SbS;*~ +60H™ = SbO;3*~ +3S* +3H,0 (2)

4S8bS3*” + 6CN™ 4 6H,0 + 30, = 2Sb,S3 | +6CNS™ +120H™  (3)
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It can be seen from Eq. (3) that Sb,S3 is deposited on the surface of gold
particles, forming a dense product layer and hindering the diffusion of CN' and O,
to the gold particles, leading to low leaching ratio [3, 4].

Effect of Antimony on Pretreatment Process

The melting point of antimony compounds, generated in the roasting process of
antimonial refractory gold ores, is low(the melting point of Sb,S; and Sb,0; is
546 and 655 °C, respectively). It is easy to fuse with each other, which causes the
gold particles wrapped again [5, 6], resulting in low gold leaching ratio [5, 6]. In the
process of pressure oxidation pretreatment of refractory gold ores, the precipitates
of antimony compounds were produced, covering with the surface of gold particles
and hindering the further leaching reaction. In the process of biological oxidation
pretreatment, the antimony minerals seriously affect the oxidation rate of gold
bearing minerals [7].

Because of the adverse effects of antimony on pretreatment cyanidation process,
it is very difficult for metallurgical enterprises to make full use of antimonial
refractory gold ores. Therefore, it is necessary to remove antimony from antimonial
refractory gold ores before conducting conventional pretreatment process. In gen-
eral, removal antimony process can be divided into alkaline sodium sulfide system
and hydrochloric acid system.

Recovering of Antimony from Sodium Sulfide Solution

Removing of Antimony from Antimonial
Refractory Gold Ores

The main antimony phase of antimonial refractory gold ores is stibnite (Sb,S3).
Sodium sulfide is proposed as leaching agent to remove antimony from antimonial
refractory gold ores [8]. Meanwhile, sodium hydroxide is also used to prevent the
hydrolysis of sodium sulfide. The main equations are expressed as follows:

Sb283 + 3Na28 = 2Na3SbS3 (4)
Na,S + H,O = NaOH + NaHS (5)

Leaching of antimony in antimonial refractory gold ores with sodium sulfide
alkaline solution has some advantages, such as high leaching ratio of antimony and
limited dissolution of arsenic and gold.
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Recovering of Antimony from Sodium Sulfide Solution

There are many researches on recovering antimony from sodium thioantimonite
solution. The major methods are as below:

(1) Neutralization precipitation

The sodium thioantimonite solutions can be treated by neutralization precipitation
method. The main neutralization agents are sulphuric acid, carbon dioxide or sulfur
dioxide. And then antimony can be recovered in the form of antimony sulfide. The
corresponding reaction equation can be expressed as follows:

2Na3SbS3 + 3H2SO4 = szS3 l + 3Nast4 + 3HQS T (6)
2Na;SbS; +3CO, + 3H,0 = Sb,S5 | + 3Na,COs + 3H,S (7)
2Na3SbS; 43S0, +3H,0 = Sb,S;3 | 4 3Na,SOs3 + 3H,S (8)

Compared with other methods, although neutralization precipitation has the
characteristics of short flow and low production cost, some shortcomings also are
inevitable, including low-quality products and bad operation conditions.

(2) Displacement

The antimony in the sodium thioantimonite solutions can be displaced by metals
powder as displacement agent, such as aluminium, zinc, copper and sodium
amalgam. The main chemical reactions can be listed as follows:

2Na3SbS; 4+ 8NaOH + 2Al = 2Sb + 2NaAlO; + 4H,0 + 6Na,S 9)

2Na;3SbS; + 3Zn = 2Sb + 3ZnS + 3Na,S (10)
2Na3SbS; + 3Cu = 2Sb + 3CuS + 3Na,S (11)
Na3SbS; + 3Na(Hg) = Sb(Hg) + 3Na,S (12)

Although antimony can be recovered by displacement methods, the products are
impure.

(3) Pressure hydrogen reduction

The antimony can be produced by pressure hydrogen reduction method with a high
temperature. The main chemical reaction can be expressed as follows:

2Na3SbS; 4 3H, + 6NaOH = 2Sb + 6Na,S + 6H,0 (13)
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Sodium sulfide can be recovered from the process, but slow reaction rate and
extremely high production cost restricts its wide application.

(4) Electrodeposition

Electrodeposition is one of the most important methods to produce antimony.
Moreover, sodium sulfide is also recovered [9]. The technology can be divided into
diaphragm electrolysis and non-diaphragm electrolysis. For diaphragm electrolysis,
sodium hydroxide and sodium thioantimonite are used as anode and cathode
electrolytes, respectively. Sodium thioantimonite solution is regarded as electrolyte
for non-diaphragm electrolysis. The main chemical reaction during electro-winning
process is as follows:

4Na3SbS3 4+ 12NaOH = 4Sb + 12Na,S + 6H,0 + 30, | (14)

The electro-winning process can obtain a qualified product, but heavy energy
consumption and terrible working environment are the main problems.

(5) Air-oxidation

Sodium pyroantimonate and sodium thiosulfate can be recovered simultaneously by
air-oxidation technology [10]. The main chemical reactions are described as
follows:

2Na,;SbS3; 4+ 70, + 2NaOH + 5H,0 = 2NaSb(OH)s + 3Na;S,03 (15)
2Na,S + 20, + H,O = Na,S,03 + 2NaOH (16)

The precipitation ratio of antimony is up to 98.0% during air-oxidation process.
This method has been successfully used on recovering antimony from jamesonite.
High quality of products and low production cost can be obtained, but the oxidation
rate is very slow.

The Comparison of Different Methods

When antimonial refractory gold ores are dealt in alkaline solution of sodium
sulfide, the removing ratio of antimony is high. All these methods mentioned have
their advantages and disadvantages for recovering antimony from sodium thioan-
timonite solutions. Therefore a satisfactory process must fully consider many fac-
tors such as the open circuit of sulfur, working environment, treatment cost and the
stability of process.
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Recovering Antimony from Hydrochloric Acid System

Leaching Antimony in Hydrochloric Acid System

Antimony is dissolved into the solution in the form of SbCl; in hydrochloric acid
system with oxidizing agent added. The oxidizing agents include Cl,, FeCls, SbCls,
H,0,, ect. The mainly chemical reaction is as follows:

Sb,S3 4 3Cl, = 2SbCls 43S (17)

Sb,S3 4+ 3SbCls = 5SbCls + 3S (18)

Sb,S3 + 6FeClz = 2SbCl; + 6FeCl, + 3S (19)
Sb,S3 4+ 3H,0, + 6HC1 = 25bCl3 4+ 6H,0 + 35 (20)

The high CI" concentration and acidity are required to prevent the hydrolysis of
Sb>*. This process has the advantage of high leaching ratio of antimony. But its
disadvantages are also existent, such as high consumption of reagent, high loss of
gold, serious corrosion to devices, and difficulty to recycle the leaching solution.

Recovering Antimony from Hydrochloric Acid System

The methods on the recovery of antimony from SbCl; acidic solutions are as
below [11]:

(1) Hydrolysis

Sb** can be precipitated in the form of SbCls, SbOCI and Sb,Oj; by adjusting pH of
SbCl; solution by adding H,O or NaOH. The reaction is as follows:

SbCl; + H,0 = SbOCI | + 2HCI (21)
4SbOCI + H,0 = Sb405Cl, + 2HCI (22)
2SbOCl 4 2NH,OH = Sb,0; + 2NH,Cl 4 H,0 (23)

Hydrolysis process is a purify process in essence. During the formation process
of Sb405Cl, precipitates, the acidity is about 0.5-0.6 mol/L. Main impurities are
still present in the leaching solutions. Therefore, hydrolysis method for the recovery
of antimony is widely used in industry.

(2) Distillation method

The main principle for distillation method is that with a temperature above SbCl;
boiling point, SbCl;, AsCl; and SnCl, can be separated from CuCl,, PbCl, and
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ZnCl, by distillation method due to the diffidence of boiling point. Then high purity
SbCl; can be obtained by gradually cooling process. Chlorination-distillation pro-
cess has been researched in depth. High energy consumption is the main problem
for this method.

(3) Replacement method

Antimony can be recycled from leaching solutions with some metal powder added
by replacement reactions. The most common reagent is iron power due to its low
price. The reaction is as follows:

2SbCl; + 3Fe = 2Sb + 3FeCl, (24)

Although antimony can be recycled effectively from leaching solution, it is
difficult to recycle leaching solutions due to the presence of Fe?*.

(4) Electrodeposition

Electrodeposition refers to a method that metal antimony is produced from leaching
solutions by electrolysis. After completing the process, the residual electrolytes are
returned to leaching process. The cathode and anode reactions are listed as follows:

Cathode reaction: Sb>* + 3e = Sb (25)
Anode reaction: Fe? ™ — e = Fe®* (26)

High purity products can be obtained by electrodeposition, but high energy
consumption and bad operation conditions constrain its widely application.

Slurry Electrolysis

Slurry electrolysis method is a novel hydrometallurgical technology. During this pro-
cess, leaching and electrodeposition are conducted simultaneously in an electrolytic cell
[12]. Metal is dissolved in anode by oxidation reaction and objective metal is deposited
in cathode by reduction reaction. HCI-NaCl, HCI-CaCl, and HCI-NH4Cl solutions are
widely used in slurry electrolysis process. The reactions are as follows:

Cathode reaction: 2Sb** 4- 6e = 2Sb (27)
Anode reaction: Sb,S3 — 6e = 2Sb> * + 38 (28)
Slurry electrolysis method has some disadvantages, such as high failure rate of

devices, serious abrasion of anode plate, accumulation of ferrous iron and poor
operating environment.
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The Comparison of Different Acid Systems

The used recovery methods include hydrolysis, distillation and electrodeposition.
Although these methods can extract antimony effectively, these problems such as
high failure rate of device, poor operating environment and high production cost are
inevitable. Moreover, Fe and As also are dissolved into solution, causing a high
burden for following purification and electro-winning process. All these short-
comings restrict their widely application.

A Clean Process for Extracting Antimony

Process Flow

Based on the advantages and disadvantages of every process to extract antimony
from antimonial refractory gold concentration, a clean process is proposed, and the
process flow is presented in Fig. 1. Firstly, antimony will dissolve into the solution
as sodium thioantimonite by leaching of antimonial refractory gold concentration
with sodium sulfide. Then air oxidation technology is used to prepare sodium
pyroantimonate from sodium thioantimonite solution, the oxidated solution are
neutralized, purified, and concentrated to recover sodium thiosulfate. After pre-
treatment, the leaching residue can be raw material to extract gold by cyaniding
technology.

Refractory gold concentrate

Na;S+NaOH ~—| Alkaline leaching |
¥ v
Leach residue Leach solution
| Bacteria oxidation | | Pressure oxidation |<— 0,
| Cyaniding technology | * *
Precipitate Solution
Gold v v
| Washing | | Purification |
| Drying | | Vaporization |
NaSb(OH)g o

Fig. 1 A clean process for extracting antimony from antimonial refractory gold ores
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Technics Characteristic

The antimonial refractory gold concentration (Sb 6.30%, As 5.50%, S 17.68%, Fe
15.74%, Au 58.8 g/L) is leaching in the solution containing sodium sulfide and
caustic soda, the leaching efficiency of Sb can reach 97.08% under optimal con-
ditions, only 0.20% Sb remains in the residue. The pressure oxidation technology is
applied to prepare sodium pyroantimonate from sodium thioantimonite solution,
and the Sb precipitation ratio can reach 99.80%. The product is composed of Sb,O;
(58.98%, by mass), Na,O (12.55%, by mass) and Sb** (£0.01%, by mass). The
oxidated solution is neutralized with sulphuric acid, As (IIl) and Sb (II) in the
solution will precipitate as As,S; and Sb,S; at pH 6.5, respectively. After
liquid-solid separation, when the solution is concentrated till its density reaches
more than 1.5 g/em?®, sodium sulfite and sodium sulfate will crystallize together at
90-95 °C, then the heat solution is filtered again. Sodium thiosulfate will crystallize
from the filtrate when it cools down to room temperature. The purity of sodium
thiosulfate product can reach more than 95.0%.

Conclusion and Expectation

Considering antimony plays a negative role for extraction of gold from antimonial
refractory gold ores, it is necessary to remove antimony before conducting
pretreatment-leaching process to improve gold recovery. Antimony can be removed
successfully from antimonial refractory gold ores with Na,S—-NaOH as leaching
agents. However, many factors on the recovery of antimony from sodium thioan-
timonite solutions, including the open circuit of sulfur, working environment,
treatment cost and the stability of process, must be considered adequately.
Antimony also can be removed successfully from antimonial refractory gold ores in
hydrochloric acid system with oxidizing agent added. However, some problems
must be considered, such as high failure rate of devices, poor operating environ-
ment and high production cost.

In this paper, a clean process for extracting antimony from antimonial refractory
gold ores is proposed. Antimony is dissolved into the solution with sodium sulfide
as leaching agents. And then pressure oxidation technology is applied to prepare
sodium pyroantimonate from sodium thioantimonite solution. Sodium thiosulfate is
produced from oxidation residual solution by neutralization, purification and con-
centrated crystallization. The leaching residues obtained can be used to extract gold
by pretreatment-cyanide leaching process.
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