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Abstract: Based on the properties of antimony (Sb) and arsenic (As), a method was proposed to enhance gold recovery 
during iron matte smelting. The impact of Sb and As on gold enhancement capture was investigated using an exclusion 
method. The results demonstrated that both Sb and As significantly improved the gold recovery rate. As the Sb or As 
content increased, the gold recovery rate increased. The enhancement effect of Sb was better than that of As, and the 
optimal results were achieved through the synergistic effects of Sb and As. Under optimized conditions, the gold 
recovery rate reached 97.12%, whereas the gold content in the slag decreased to 1.70 g/t. Sb captured and aggregated 
free gold as an Au−Sb alloy, whereas As−Fe alloy also captured free gold. The growth of the gold-captured phase size 
enhanced the settling velocity, thereby promoting gold recovery. 
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1 Introduction 
 

With the rapid depletion of high-grade gold ore 
resources, refractory gold ores have become critical 
raw materials for the gold industry. Efficient 
recovery of gold while minimizing environmental 
pollution is a current research hotspot. Refractory 
gold ores are those in which the gold leaching rate 
is less than 85% when subjected to cyanidation. 
Owing to minerals encapsulation [1,2], interference 
from impurities [3,4], and “gold robbery” by 
adsorbents [5,6], the efficiency of gold extraction 
through direct cyanidation leaching is always low. 

Currently, there are two primary methods for 
treating refractory gold ores: pretreatment−leaching 
and pyrometallurgical processes. The pretreatment 
of refractory ores is performed to break minerals 
inclusions and expose the gold. Commonly used 

pretreatment methods include oxidative roasting 
[7,8], oxidative leaching [9,10], and bio-oxidative 
leaching [11]. Following pretreatment, cyanide 
leaching [12,13], non-cyanide leaching [14−17], or 
bio-oxidation leaching [18−20] is conducted. The 
pyrometallurgical process involves the introduction of 
refractory gold ores into heavy-metal pyro- 
metallurgical systems to concentrate gold in metal 
sulfides or metals [21−23]. Subsequently, gold is 
recovered from the intermediate product. This 
method is also known as the refractory gold ore–
heavy metal synergistic smelting process [24,25]. 

However, current gold extraction processes 
from refractory gold ores suffer from various 
shortcomings, such as environmental pollution risks, 
low gold leaching rates, and extended production 
periods. Consequently, there is an urgent need    
to develop clean and efficient technologies for 
extracting gold from refractory gold ores to ensure 
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the sustainable development of the gold industry. 

The advantages of pyrometallurgical processes, 
including wide raw material adaptability and high 
gold recovery rates, render them suitable for 
extracting gold from refractory gold ores. YANG  
et al [26,27] proposed a novel method for extracting 
gold from refractory gold ores using iron matte 
smelting. 

Antimony (Sb) and arsenic (As) are considered 
harmful impurities in gold ores. However, in 
mineralogy, these two elements are frequently 
associated with gold deposits. In copper smelting 
processes, Sb can affect the distribution behavior  
of precious metals [28,29]. Based on these 
characteristics, these traditionally harmful elements 
have been utilized to promote gold recovery. 

In this study, the effects of Sb and As on gold 
enhancement capture during iron matte smelting 
from refractory gold concentrate were studied by 
exclusion method. The related mechanisms were 
also investigated. Initially, the effects of Sb and As 
on gold enhancement capture were investigated 
both qualitatively and quantitatively. Subsequently, 
the effects of Sb and As on the occurrence state of 
gold and the embedding relationships of typical 
minerals within the iron matte were studied. Finally, 
the core mechanism was elucidated. These findings 
indicate that Sb and As can significantly enhance 
gold capture, resulting in a rapid gold recovery 
process with a high recovery rate and efficiency. 
 
2 Experimental 
 
2.1 Material 

The experimental raw material was an As- and 
Sb-bearing refractory gold concentrate provided  
by a company in Gansu, China. The mineral was 
dried at 50 °C and finely ground to a particle   
size <0.074 mm. 

The primary chemical compositions of the As- 
and Sb-bearing refractory gold concentrate were  
as follows: iron (19.66 wt.%), sulfur (16.48 wt.%), 
silicon (14.50 wt.%), aluminum (4.37 wt.%), 
arsenic (6.17 wt.%), and antimony (4.07 wt.%). The 
contents of gold and silver were 36.20 and 38.40 g/t, 
respectively. 

The phase composition was determined using 
X-ray diffraction (XRD), as shown in Fig. 1.    
The concentrate comprised pyrite (18.60 wt.%), 

arsenopyrite (7.67 wt.%), quartz (25.26 wt.%), and 
mica. Sb and As were present in the forms of 
stibnite (3.53%) and arsenopyrite, respectively. 
 

 

Fig. 1 XRD pattern of As- and Sb-bearing refractory 
gold concentrate 
 
2.2 Research methodology 

This study explored the effects of Sb and   
As on gold enhancement capture during iron  
matte smelting and the associated mechanisms. The 
research methodology is illustrated in Fig. 2. 

Firstly, an exclusion method was employed to 
qualitatively investigate the impact of Sb and As on 
the gold capture process by iron matte. The gold 
recovery rates of the As- and Sb-bearing gold 
concentrate and the Sb-removed gold concentrate 
were compared to emphasize the effect of Sb on 
gold enhancement capture. Subsequently, the gold 
recovery rates of the Sb-removed gold concentrate 
were compared to those of the As-removed gold 
concentrate, highlighting the effect of As on gold 
enhancement capture. 

Secondly, a quantitative study of the 
enhancement effects of Sb and As on gold capture 
was conducted. Sb and As were added in measured 
amounts to the As-removed gold concentrate for the 
experiments. Changes in the gold recovery rates 
and gold content in the slag were observed to 
confirm the impact of the Sb and As concentrations 
on gold recovery. Furthermore, Sb and As were 
added simultaneously to study their synergistic 
effects on gold enhancement capture. 

Finally, the occurrence state of gold and the 
embedding relationships of typical mineral phases 
in the iron matte were researched to explore the 
enhancement. 
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Fig. 2 Diagram of research methodology: (a) Qualitative research; (b) Quantitative research; (c) Detection and analysis 
 

For ease of description, abbreviations for the 
raw materials are used in this paper, as presented in 
Table 1. 
 
Table 1 Abbreviations for experimental raw materials 

Raw material Abbreviation 

Arsenic- and antimony-bearing 
refractory gold concentrate 

As- and Sb-bearing 
gold concentrate 

Antimony-removed refractory 
 gold concentrate 

Sb-removed gold 
concentrate 

Antimony- and arsenic-removed 
refractory gold concentrate 

As-removed gold 
concentrate 

Antimony(only)-addition  
refractory gold concentrate 

Sb-addition gold 
concentrate 

Arsenic(only)-addition 
 refractory gold concentrate 

As-addition gold 
concentrate 

Antimony addition in arsenic- 
bearing refractory gold concentrate 

Sb- and As-addition 
gold concentrate 

 
2.3 Experimental procedure 

The smelting experiment was conducted in a 
muffle furnace using a clay crucible as the container. 
Firstly, the raw materials and other agents were 
mixed and loaded into the clay crucible. 
Subsequently, the heating program of the muffle 
furnace was initiated. When the furnace 
temperature reached 900 °C, the crucible was 

placed inside the muffle furnace. When temperature 
reached 1200 °C, the reaction maintained for a 
period. Then, the crucible was taken out and 
allowed to cool naturally. Finally, the masses of the 
crucible, slag, and iron matte were recorded, and 
the slag and iron matte were preserved for further 
analysis. 

The antimony removal experiment was 
conducted in a constant-temperature water bath 
under magnetic stirring. A beaker was used as the 
experimental container, and the leaching residue 
was the Sb-removed gold concentrate. Conversely, 
the arsenic removal experiment was conducted in a 
muffle furnace. The experimental container used for 
this process was a porcelain boat, and the roasted 
sand was the As-removed gold concentrate. 

Both the smelting and leaching experiments 
were conducted in a fume hood with the emitted 
gases directed into a tail gas absorption tower for 
harmless treatment before discharge. 
 
2.4 Detection and analysis 

The gold contents of the raw materials and 
products were determined using the fire assay 
method. 

XRD was used to determine the phase 
composition of the raw materials and products.   
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A TTRAX−3 XRD diffractometer (Rigaku 
Corporation, Japan) was used. The operating 
parameters were as follows: testing current of 
300 mA, scanning speed of 10 (°)/min, and testing 
voltage of 50 kV. 

Scanning electron microscopy (SEM) was 
used to determine the morphology of the products, 
and the chemical composition of the typical  
phases was determined using energy-dispersive 
X-ray spectroscopy (EDS). A scanning electron 
microscope (JEOL Ltd., Japan) equipped with an 
X-ray energy-dispersive spectrometer (model JSM− 
6360LV) was used. The magnification range was 
from 5 to 3×105 times, and the accelerating voltage 
changed from 0.5 to 30 kV. 

Mineral liberation analysis (MLA) was 
employed to detect the phase contents of the raw 
materials and products as well as the distribution of 
elements. An MLA650 mineralogical automated 
analyzer (FEI Company, United States) was used. 
The XBSE-STD mode, with an acceleration voltage 
ranging from 200 V to 20 kV, and a magnification 
ranging from 500 to 10000 times, was adopted. 
 
2.5 Data processing 

The gold recovery rate was calculated by the 
following equation:  

Slag
A s

A
A o

= 1 100%C MR
C M

 
− × 

 
                (1) 

 
where RA represents the gold recovery rate (%); CA 
and Slag

AC  denote the gold contents of the raw 
material and slag (g/t), respectively; Mo and Ms 
represent the masses of the raw material and    
slag (g), respectively. 

The increment of the gold recovery rate was 
calculated by  

0
A

R Au
A

= 100%RR
R− ×
′

                       (2) 
 
where RR−Au represents the increment of the gold 
recovery rate; 0

AR  represents the gold recovery rate 
when using the As-removed gold concentrate as the 
raw material for smelting; AR′  denotes the gold 
recovery rate of other smelting experiment. 

The decrement of the gold content of the slag 
was calculated by  

A
C Au 0

A
= 1 100%CD

C−
′ 

− × 
 

                  (3) 

where DC−Au represents the decrement of the gold 
content of the slag; 0

AC  represents the gold content 
in the slag when using the As-removed gold 
concentrate as the raw material for smelting, and 

AC′  represents the gold content of the slag in other 
smelting experiment. 
 
3 Results and discussion 
 
3.1 Qualitative research on effects of Sb and As 

on gold enhancement capture 
According to the research plan, it is essential 

to prepare Sb-removed gold concentrate and 
As-removed gold concentrate. The sodium sulfide 
leaching method was employed to remove Sb from 
the Sb- and As-bearing gold concentrate to prepare 
the Sb-removed gold concentrate. Subsequently, the 
roasting method was used to remove As from the 
Sb-removed gold concentrate, thereby producing 
the As-removed gold concentrate. 
3.1.1 Sb and As removal experiment results 

The conditions for the sodium sulfide leaching 
experiment were established as follows: a sodium 
sulfide addition coefficient of 1.2 (1.2 times the 
theoretical consumption of sodium sulfide according 
to Reaction (4)), sodium hydroxide concentration of 
20 g/L, temperature of 60 °C, liquid/solid mass 
ratio (L/S) of 1.5, and reaction time of 2 h. 
 
Sb2S3+3Na2S=2Na3SbS3                              (4) 
 

The conditions for the As-removal roasting 
experiment were: a temperature of 600 °C and    
a duration of 2 h. The Sb-removed concentrate  
and As-removed concentrate were obtained 
respectively. 

Figure 3 shows the XRD patterns of the As- 
and Sb-bearing gold concentrate, Sb-removed gold 
concentrate, and As-removed gold concentrate. 
Table 2 presents the main chemical compositions of 
the Sb-removed gold concentrate and As-removed 
gold concentrate. As shown, after sodium sulfide 
leaching, the Sb content decreased to 0.03 wt.%, 
and the stibnite phase disappeared. Additionally,  
the As content in the roasted sand decreased to 
0.18 wt.%, resulting in the disappearance of     
the arsenopyrite phase. Furthermore, during the 
roasting process, both pyrite and arsenopyrite  
were transformed into hematite and iron silicate, 
respectively. It was confirmed that the influences of 
Sb and As should be disregarded. 
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Fig. 3 XRD patterns of three raw materials: (a) As- and 
Sb-bearing gold concentrate; (b) Sb-removed gold 
concentrate; (c) As-removed gold concentrate 
 
3.1.2 Iron matte smelting experiment results 

Iron matte smelting experiments were 
conducted using the As- and Sb-bearing gold 
concentrate, Sb-removed gold concentrate, and 
As-removed gold concentrate as raw materials. The 
conditions were controlled as follows: m(FeO)/ 
m(SiO2)=1.2, m(CaO)/m(SiO2)=0.4, temperature of 
1200 °C, and duration time of 45 min. 

According to Table 2, the sulfur content of  
the As-removed gold concentrate significantly 
decreased, which could severely affect iron matte 
smelting and the experimental results. To address 
this issue, specific proportions of the reducing agent 
and sulfur were added to the As-removed gold 
concentrate. 

The results of the iron matte smelting process 
are listed in Table 3. The removal of Sb resulted  
in a noticeable decrease in the gold recovery rate, 

accompanied by a significant increase in the gold 
content of the slag. Furthermore, As removal led to 
an additional decline in the gold recovery rate. 
These results indicate that both Sb and As 
positively influenced the gold capture process. 
Notably, the effect of Sb on gold enhancement 
capture was significantly stronger than that of As. 
Therefore, Sb plays a crucial role in improving the 
efficiency of gold enhancement capture. 

The microscopic morphologies and phase 
compositions of the iron mattes are shown in Fig. 4. 
As shown in Figs. 4(a), (b), and (c), the separation 
of Sb and As resulted in a significant reduction in 
the content of the alloy phases, such as SbAs, Sb, 
and FeAs, within the iron matte. Additionally, the 
number of high-contrast phases in the iron matte 
decreased. Concurrently, the gold recovery rate 
exhibited a gradual decline. It is suggested that 
alloy phases, such as SbAs, Sb, and FeAs, play a 
crucial role in gold enhancement capture by the iron 
matte. 

The SEM and elemental surface screen images 
of the gold-loaded iron matte derived from the three 
raw materials are shown in Fig. 5. Sb and As not 
only affected the gold occurrence state, but also 
influenced the embedding relationships of the 
gold-bearing phases. In the presence of Sb and As 
in the iron matte, gold was found in the form of  
the Au−Sb alloy within metallic Sb, which was 
surrounded by the As−Fe alloy. When Sb was 
excluded, gold appeared in its elemental form and 
was encapsulated by the As−Fe alloy. Conversely, 
when As was excluded, gold existed as a free 
Au−Ag alloy within the iron matte. The main 
components of the gold-containing phases are listed 
in Table 4. 

 
Table 2 Main chemical compositions of Sb-removed gold concentrate and As-removed gold concentrate (wt.%) 

Raw material Au Ag Fe S Sb As Al Si Ca 

Sb-removed gold concentrate 40.18* 42.62* 21.82 18.29 0.03 5.74 4.85 16.10 1.94 

As-removed gold concentrate 46.62* 51.85* 22.55 2.19 − 0.18 6.86 17.64 3.49 
* g/t 
 
Table 3 Iron matte smelting results from different raw materials 

Raw material Gold recovery rate/% Gold content in slag/(g·t−1) 

As- and Sb-bearing refractory gold concentrate 96.44 2.05 

Sb-removed gold concentrate 85.67 10.85 

As-removed gold concentrate 75.81 13.20 
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Fig. 4 SEM images and phase compositions of iron mattes from gold concentrates: (a) As- and Sb-bearing refractory 
gold concentrates; (b) Sb-removed gold concentrates; (c) As-removed gold concentrates 
 

 
Fig. 5 SEM and elemental surface screening images of gold-containing iron matte from different concentrates: (a) As- 
and Sb-bearing gold concentrates; (b) Sb-removed gold concentrates; (c) As-removed gold concentrates 
 
Table 4 Compositions of typical phases (wt.%) 

Gold-contained phase Au Sb Ag 

Au−Sb alloy 50.97 49.03 − 

Au−Ag alloy 50.20 − 49.80 
 
Furthermore, the removal of Sb and As 

resulted in a progressive decrease in the particle 
size of the gold-containing phases. The settling 

behavior of the gold and gold-containing phases in 
the melt is theoretically based on Stokes’ formula, 
which indicates that the settling velocity is related 
to the particle size. Sb and As influenced the 
settling behavior of the gold-containing phases, 
thereby changing the gold recovery rate. 

In summary, both Sb and As can enhance   
the gold capture by iron matte. Sb demonstrated   
a more significant enhancement effect than As. The 
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exclusion method not only elucidated the effect of 
Sb and As on gold recovery, but also revealed the 
differences in their effectiveness. 
 
3.2 Quantitative research on effect of Sb and As 

on gold enhancement capture 
In this section, the effects of Sb and As 

contents in raw materials on the gold capture 
process were studied quantitatively, thereby 
examining the universality and controllability of the 
enhancement effect. In this study, Sb and As were 
quantitatively added into the As-removed gold 
concentrate, respectively. 
3.2.1 Effect of Sb content 

The experiments were conducted to study the 
effect of the Sb content in raw materials on the  
gold recovery rate and the gold content in slag. 
Antimony sulfide was used to modify the Sb 
content. The experimental conditions were as 
follows: m(FeO)/m(SiO2)=1.2, m(CaO)/m(SiO2)=0.4, 
temperature of 1200 °C, and duration time of 

45 min. The results are presented in Fig. 6. 
As the Sb content increased from 0 to 4 wt.%, 

the gold recovery rate increased from 75.81% to 
94.80%, representing an increase proportion of 
25.05%. Concurrently, the gold content in the slag 
decreased from 13.20 to 3.05 g/t, reflecting a 
decrease proportion of 76.89%. Moreover, when the 
Sb content increased, the increment rate in gold 
recovery rate gradually diminished. Sb significantly 
enhanced gold capture in iron matte with an optimal 
Sb content of 4 wt.%. 

The elemental surface scanning images of the 
iron matte from the experiment with 4 wt.% Sb 
content are shown in Fig. 7. A significant amount of 
Au−Sb alloy was distributed within the metallic  
Sb, indicating that Sb altered the occurrence state  
of gold. In addition to gold, no other elements were 
found in Sb. A strong and exclusive tendency to 
form the Au−Sb alloy was observed. It is believed 
that the formation of the Au−Sb alloy was the main 
reason for the enhancement. 

 

 
Fig. 6 Effect of Sb content on gold recovery rate (a) and gold content in slag (b) 
 

 
Fig. 7 Elemental surface scanning images of iron matte from experiments with addition of 4 wt.% Sb 
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3.2.2 Effect of As content 
The effect of the As content in the raw 

materials on the gold recovery rate and gold content 
in slag was investigated. The As content was controlled 
by adding arsenic sulfide. The experimental 
conditions were maintained as follows: m(FeO)/ 
m(SiO2)=1.2, m(CaO)/m(SiO2)=0.4, temperature of 
1200 °C, and duration time of 45 min. The results 
are shown in Fig. 8. 

As shown in Fig. 8, the gold recovery rate 
increased as the As content increased, whereas the 
gold content in the slag correspondingly decreased. 
When the As content increased from 0 to 6 wt.%, 
the gold recovery rate increased from 75.81% to 
83.92%, representing a proportional increase of 
10.70%. Meanwhile, the gold content in the    
slag decreased from 13.20 to 8.60 g/t, with a 
proportional decrease of 34.85%. Compared to Sb, 
the effect of As on the gold enhancement capture 

process was limited. 
However, when the As content increased from 

6 wt.% to 8 wt.%, the gold recovery rate decreased 
from 83.92% to 83.10%, whereas the gold content 
in the slag increased from 8.60 to 8.81 g/t. It is 
believed that when the As content in the raw 
material was too high, the proportion of As 
distributed in the slag increased, which may have 
indirectly affected the gold distribution. Therefore, 
the optimal As content was determined to be 6 wt.%. 

Elemental surface scanning images of the iron 
matte for the experiments with 6 wt.% As addition 
are presented in Fig. 9. Multiple elemental gold 
particles were embedded within the As−Fe alloy, 
particularly at the interface with the iron matte. This 
result was consistent with that discussed in Section 
3.1.2, which indicated that the As−Fe alloy captured 
free gold, leading to an increase in the particle size 
of the gold-loaded As−Fe alloy. 

 

 
Fig. 8 Effect of As content on gold recovery rate (a) and gold content in slag (b) 
 

 
Fig. 9 Elemental surface scanning images of iron matte from experiments with addition of 6 wt.% As  
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3.2.3 Synergistic effect of Sb and As 
As discussed in Sections 3.1 and 3.2, the gold 

recovery rates for the samples with 4 wt.% Sb and 
6 wt.% As additions were lower than that of the As- 
and Sb-bearing refractory gold concentrate. This 
indicates that the effects of Sb and As on gold 
enhancement capture could be additive. The 
synergistic effects of Sb and As were subsequently 
explored, as described in the following section. 

The Sb-removed gold concentrate (5.74 wt.% 
As) was used as the raw material, and antimony 
sulfide was added to modify the Sb content      
in the raw materials. The experimental conditions 
were controlled as follows: m(FeO)/m(SiO2)=1.2, 
m(CaO)/m(SiO2)=0.4, temperature of 1200 °C, and 
duration time of 45 min. The effects of Sb content 
(1 wt.%, 2 wt.%, 3 wt.%, and 4 wt.%) on the gold 
recovery rate and gold content in slag were studied. 
The results are presented in Fig. 10. 

As shown in Fig. 10, Sb had a significant 
positive effect on gold capture. When the Sb 

content increased from 0 to 4 wt.%, the gold 
recovery rate increased from 85.67% to 97.12%, 
whereas the gold content in the slag decreased    
to 1.70 g/t. Compared to the results presented in 
Section 3.1, it is evident that the gold recovery rate 
is further improved with the help of As. Thus, the 
synergistic effect of Sb and As was confirmed. 

The elemental surface scanning images of  
iron matte in the synergistic experiment are shown 
in Fig. 11. Sb existed in the form of the metal in 
iron matte, whereas gold existed as the Au−Sb alloy 
inside Sb. The combination tendency of Sb and Au 
was evident. 

 
3.3 Optimal experimental product mineralogy 

According to the previous study, the addition 
of Sb and As was confirmed to be 4 wt.%      
and 6 wt.%, respectively. Under the optimized 
conditions, the gold recovery rate reached 97.12%, 
and the gold content in the slag decreased to 
1.70 g/t. 

 

 

Fig. 10 Effect of Sb content on gold recovery rate (a) and gold content in slag (b) during synergistic effect experiment 
 

 
Fig. 11 Elemental surface scanning images of iron matte in synergistic experiment 
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The Sb content in the slag was only 0.52%, 
with a distribution rate of 8%. In contrast, the Sb 
content in the iron matte was 3.20 wt.%, and its 
distribution rate was 40%. Additionally, 52%     
of the Sb was distributed in the gas phase. This 
phenomenon can be attributed to the characteristics 
of Sb, which include a low melting point, the 
tendency to oxidize easily, and the propensity to 
volatilize. The occurrence state of Sb in the dust 
was Sb2O3. 

The SEM image of the slag phase and 
chemical compositions of the typical phases from 
optimized experiment are shown in Fig. 12 and 
Table 5, respectively. There were only two phases 
in the slag: Point 1 represented the Sb−Fe alloy 
resulting from mechanical inclusion, whereas Point 
2 represented the common phase of the slag. 
 

 
Fig. 12 SEM image of slag phase from optimized 
experiment 
 
Table 5 Chemical compositions of typical phases in slag 
phase from optimized experiment (wt.%) 
Point in 
Fig. 12 Sb Fe O Si Al Ca Others 

1 79.76 17.83 1.67 0.74 − − − 

2 − 18.00 34.13 25.96 5.04 13.96 2.91 

 
The gold-loaded iron matte was analyzed 

using SEM, and the chemical compositions of 
different phases were determined using EDS. The 
results are presented in Fig. 13 and Table 6, 
respectively. A significant amount of Au−Sb alloy 
(Point 2) was observed to diffuse into the metallic 
Sb (Point 1). This indicates that Sb could effectively 
capture gold. The Au−Sb alloy was identified as 
AuSb2, which agrees with the literature [30]. 
Furthermore, a comparison with Fig. 5 revealed that 
the size of the metallic Sb was larger than that of 
free gold. 

 

 
Fig. 13 SEM image of iron matte from optimized 
experiment 
 
Table 6 Chemical compositions of typical phases in iron 
matte from optimized experiment (wt.%) 

Point in 
Fig. 13 Au Sb Fe S O Others 

1 − 100 − − − − 
2 51.90 48.10 − − − − 
3 − − 69.45 29.87 − 0.68 
4 − − 71.66 20.39 7.69 0.26 

 
3.4 Comparison and summary 

The impacts of Sb and As on gold 
enhancement capture by the iron matte are 
illustrated in Table 7. The enhancement effect of Sb 
was more pronounced than that of As, with optimal 
results achieved through the synergistic effect of 
both elements. A correlation between the gold 
recovery rate and the contents of Sb and As was 
established. The gold recovery rate could be 
effectively controlled by the quantitative addition of 
Sb and As, whether these elements were associated 
with the mineral or added later. This study 
demonstrated that the effects of Sb and As on gold 
enhancement capture are universal and controllable. 

The mechanism of the gold enhancement 
capture process was concluded as follows. Owing 
to the strong alloying tendency between Au and Sb, 
a significant amount of free gold was captured and 
aggregated by Sb during the iron matte smelting 
process. In addition, the As−Fe alloy could capture 
free gold. The particle sizes of the gold-captured 
phases, including Au−Sb and As−Fe alloys, 
increased noticeably, resulting in a corresponding 
increase in settlement velocity. Consequently,   
the gold recovery rate increased significantly. The 
enhancement process is illustrated in the schematic 
diagram in Fig. 14. 
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Table 7 Sum of results of smelting using different raw materials 

Raw material Sb  
content/wt.% 

As  
content/wt.% 

Gold content 
in slag/(g·t−1) 

Gold recovery 
rate/% 

Occurrence 
state of gold 

As- and Sb-bearing gold concentrate 4.05 6.17 2.05 96.44 Au−Sb alloy 

Sb-removed gold concentrate 0.02 5.74 10.85 85.67 Metallic Au 

As-removed gold concentrate 0.02 0.18 13.20 75.81 Au−Ag alloy 

Sb-addition gold concentrate 4.00 0.18 3.05 94.80 Au−Sb alloy 

As-addition gold concentrate 0.02 6.00 8.60 83.92 Metallic Au 

Sb- and As-addition gold concentrate 4.00 5.74 1.70 97.12 Au−Sb alloy 

 

 
Fig. 14 Schematic diagram of gold enhancement capture process 
 
 
4 Conclusions 
 

(1) The exclusion method was employed to 
qualitatively study the effects of Sb and As on gold 
capture during iron matte smelting. Both Sb and As 
enhanced the gold capture process and influenced 
the gold occurrence state as well as the embedding 
relationships between typical mineral phases in the 
iron matte. 

(2) The effects of the Sb and As contents    
on gold enhancement capture were investigated 
quantitatively. As the Sb and As contents increased, 
the gold recovery rate also increased. When the Sb 
content reached 4 wt.%, the gold recovery rate 
increased significantly to 94.80%. At the optimal As 
content of 6 wt.%, the gold recovery rate increased 
to 83.92%. The highest gold recovery rate (97.12%) 
was obtained with the synergistic effect of Sb and 
As. The enhancement effect of Sb and As was 
universal and controllable. 

(3) The mechanism of gold enhancement 
capture was illustrated. Sb captured free gold   
and aggregated it within metallic Sb. The As−Fe 
alloy also captured free gold. The larger-sized  
gold-loaded phases showed faster settling velocities 
than free gold. Hence, the gold capture was 
enhanced. 
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造铁锍熔炼过程中金强化捕集的影响 
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摘  要：基于锑(Sb)和砷(As)的性质特点，提出了一种利用 Sb 和 As 提高造铁锍熔炼过程中金回收效果的方法，

并利用排除法研究了 Sb 和 As 对强化捕金效果的影响。结果表明，Sb 和 As 能显著提高金回收率，且金回收率随

Sb 或 As 含量的增加而增加。Sb 的强化效果优于 As，且在 Sb 和 As 协同作用下能得到最优强化效果：金回收率

达到 97.12%，而渣中金含量降低至 1.70 g/t。Sb 能捕集和汇聚游离金，并形成 Au−Sb 合金。As−Fe 合金同样能

捕集游离金。捕金物相粒度增大使其沉降速度增加，从而促进金的回收。 

关键词：难处理金矿；Au−Sb 合金；As−Fe 合金；强化作用；铁锍；捕金 
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