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Abstract: Aiming at solving low Ga leaching efficiency during actual industrial production in Danxia Smelter, 
chemical composition, phases and morphologies of various zinc refinery residues were characterized using ICP−AES, 
XRD and SEM−EDS. Compared with the normal material, Ga was embedded in the jarosite phase from the special zinc 
refinery residue, causing difficulty in Ga leaching. During the oxidation pressure leaching, the dissolution behaviors of 
Ga, As and Fe presented similar variation tendency. Namely, a sufficient H2SO4 concentration and liquid-to-solid ratio 
promoted the dissolution of Ga, Fe and As, whereas higher reaction temperature and oxygen partial pressure weakened 
the leaching. Based on the results, leaching parameters were optimized for enhancing Ga recovery. Through weakening 
the 1st oxidation pressure leaching (by decreasing reaction temperature and total pressure to 90 °C and 0.2 MPa, 
respectively) and strengthening the 3rd atmospheric leaching (by increasing H2SO4 concentration and reaction 
temperature to 160 g/L and 85 °C, respectively), the leaching efficiency of Ga increased from 77.83% to 96.46%. 
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1 Introduction 
 

Gallium (Ga) is widely used in high-tech 
products such as integrated circuits and advanced 
electronic devices [1,2]. The end-use of GaAs and 
GaN in integrated circuits accounts for about 74% 
of the total U.S. gallium consumption owing to high 
computation speed [3]. As a typical scattered  
metal, Ga is commonly associated with bauxite [4], 
sphalerite [5], iron ore [6] and coal [7], etc. 
Therefore, Ga is primarily recovered as a by- 
product from the metallurgy of aluminum [8,9], 
zinc [10,11], and the processing of coal [12,13]. 

The comprehensive recovery of Ga from 
non-ferrous minerals follows the strategy of gradual 
enrichment. Meanwhile, Ga enrichment carrier 
strongly depends on the technological route for 
extracting main metals such as Zn. During zinc 
pyrometallurgy, more than 95% of Ga is enriched in 
the water-quenched slag with an average content of 
0.03−0.04 wt.%. Since Ga mainly occurs in the 
amorphous silicate phase, the extraction of Ga  
from the slag is very difficult [14]. When Zn is 
produced through the dominant roasting−leaching− 
purification−electrowinning process [15], the Ga 
behavior is consistent with that of Fe owing to the 
nearly identical size of the Ga3+ (0.62 Å) and Fe3+ 
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(0.64 Å) [16]. Above 98% of Ga remains in the 
leaching residue, which is closely associated with 
ZnFe2O4 phase [17,18]. And then, reduction 
volatilization or hot acid leaching is employed to 
treat the residue. Only 10%−15% of Ga volatilizes 
into the crude zinc oxide dust, causing a huge Ga 
loss [14]. Above 90% of Ga and Fe are dissolved 
into the solution through hot acid leaching. 
However, the separation of Zn and Fe is conducted 
by precipitation as jarosite [16], resulting in     
the co-precipitation of Ga and Fe. To date, 
comprehensive recovery of Ga still cannot be 
commercially employed in the course of the 
dominant zinc extraction route. 

Compared with atmospheric leaching, pressure 
leaching is considered more suitable for treating the 
Ga-rich zinc concentrate owing to the absence of 
roasting procedure [14]. More than 90% of Ga and 
Fe are directly leached into the solution. Before 
removing Fe, Ga is successfully enriched in 
refinery residues with an average grade ranging 
from 0.2 to 0.5 wt.% through pre-neutralization and 
zinc powder replacement [19]. In order to further 
recover Ga from zinc refinery residues, some 
researches were conducted including pressure 
leaching [20], stepwise leaching [21,22] and 
complex-leaching [23]. These methods indicate a 
higher Ga leaching efficiency on a laboratory scale. 
For instance, more than 98% of Ga was leached in a 
156 g/L H2SO4 solution at 150 °C for 3 h with a 
liquid-to-solid ratio of 8 mL/g [20]. 

In southern China, zinc sulfide concentrates 
with a higher Ga content (above 100 g/t) are 
produced from Fan Kou Lead and Zinc Mine. 
Based on the resource characteristics, a novel 
technological route, which incorporates leaching of 
zinc refinery residues, solvent extraction and 
electrowinning, is established in Danxia Smelter 
and enables an annual production of 15 t Ga [24]. 
However, Ga leaching efficiency varies from 70% 
to 90%, causing an unstable production. It is 
necessary to figure out the reasons and improve Ga 
leaching efficiency. In this study, various zinc 
refinery residues (obtaining lower or higher Ga 
recovery) were characterized using ICP−AES, XRD 
and SEM−EDS. During the oxidation pressure 
leaching, the main influential factors including 
H2SO4 concentration, oxygen partial pressure, 
reaction temperature and liquid-to-solid ratio on the 

dissolution behaviors of Ga, Fe, and As were 
investigated in detail. 
 
2 Experimental 
 
2.1 Materials 

Zinc refinery residues were provided from 
Danxia Smelter, China. Leaching solution was 
prepared with analytical-grade H2SO4 and deionized 
water. The purity of oxygen used was above 99%. 
 
2.2 Experimental procedure 

Oxidation pressure leaching experiments were 
conducted through modelling industrial conditions 
to understand the limit of Ga leaching. To study 
main influential factors on the dissolution behaviors 
of Ga, As and Fe, a series of leaching experiments 
were conducted in a 250 mL Hastelloy autoclave 
with reaction time of 2 h. 
 
2.3 Characterization and analysis 

Chemical compositions of the leaching 
solution and leaching residue were analyzed using 
ICP-AES (Spectro Acros). The phase, morphology 
and micro-structural analyses of the sample were 
carried out through XRD (Bruker D8 Advance) and 
SEM−EDS (FEI Quanta 650; Bruker Quantax), 
respectively. 
 
3 Results and discussion 
 
3.1 Actual technological route for leaching of 

zinc refinery residues 
Zinc refinery residues are typical by-products 

derived from the purification of zinc leachate 
through adding zinc powder. They usually contain 
valuable elements such as Zn, Cu, Ga and Ge, 
which mainly occur in the form of metals, oxides, 
sulfides and silicates [25]. Owing to different 
leaching behaviors of Ga and Ge in a H2SO4 
solution, multi-stage counter current leaching 
(Fig. 1) is proposed to treat zinc refinery residues 
for the comprehensive recovery of Cu, Ga and   
Ge [26,27]. Table 1 lists main parameters for the 
counter current leaching process. Zinc refinery 
residues were leached in the first autoclave to yield 
a suitable solution for the subsequent solvent 
extraction, requiring relatively low concentrations 
of final H2SO4 (20−30 g/L) and Fe2+ (<1 g/L). 
Compared with the 1st leaching, the 2nd leaching 
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Fig. 1 Technological route for leaching of zinc refinery residues 
 
Table 1 Main parameters for leaching of zinc refinery residues 

Procedure Reaction 
temperature/°C 

Reaction 
pressure/MPa 

Oxidization 
agent 

Reaction 
time/h 

Initial H2SO4 
concentration/(g·L−1) 

Final H2SO4 
concentration/(g·L−1) 

1st 105−115 0.2−0.3 O2 4−6 110−130 20−30 

2nd 115−125 0.25−0.35 O2 4−6 140−160 110−130 

3rd 25 − − 1−2 150−170 140−160 

 
presented higher reaction temperature (115−125 °C) 
and reaction pressure (0.25−0.35 MPa) to promote 
the dissolution of insoluble metals and sulfides. In 
the 3rd leaching tank, fresh H2SO4 solution was 
used as the leaching agent to dissolve Ga and Ge 
adequately. 
 
3.2 Various Ga leaching results for actual 

production 
3.2.1 Leaching of normal zinc refinery residue with 

high Ga extraction 
Based on the technological route from Fig. 1, 

normal production results for leaching of zinc 
refinery residues are listed in Table 2. As usual, the 
content of Ga in the 3rd residue was lower than 
0.1 wt.%. Moreover, Cu, Zn and Fe were also 
leached adequately. 

XRD patterns of the normal zinc refinery 
residue and 3rd leaching residue are shown in  
Fig. 2. It can be seen from Fig. 2(a) that the zinc 
refinery residue was composed of SiO2, PbSO4 and 

Table 2 Leaching results of normal zinc refinery residue 

Element Content in 
material/wt.% 

Content in 3rd 
leaching 

residue/wt.% 

Leaching 
efficiency/ 

% 
Cu 10.81 0.59 97.54 

Zn 14.06 0.74 97.63 

Fe 2.23 0.45 90.91 

Ga 0.76 0.08 95.26 

Ge 0.51 0.29 74.39 

Pb 2.99 6.65 0 

As 1.24 0.4 85.47 

 
Zn3Cu2(SO4)2(OH)6·4H2O. No characteristic peaks 
of Ga and Ge compounds were detected owing to 
their low contents. After leaching, the characteristic 
peaks of Cu and Zn compounds disappeared. The 
main phases in the 3rd leaching residue were PbSO4 
and SiO2, as shown in Fig. 2(b). 

Figure 3 indicates SEM images of the normal 
zinc refinery residue and the 3rd leaching residue. 
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The zinc refinery residue contained many gray 
blocky-shaped particles (Spots 1, 3 and 4) and 
bright tiny particles (Spot 2). Based on EDS results 
from Table 3, these gray particles presented similar 
composition including O, S, Cu, Zn, confirming the 
formation of sulfates. No Ga- or Ge-rich particles 
were observed in Fig. 3(a). Ga and Ge were 
discretely distributed in these blocky-shaped 
particles. Spot 2 belonged to PbSO4 phase owing to 
the presence of Pb, S and O. After completing 

leaching, the dominant phase in the 3rd leaching 
residue was dark silica gel with tiny particle    
size (Spots 7 and 8). A higher content of Ge was 
detected in these particles due to the formation   
of germanium−silica gel [28]. Insoluble gahnite 
particles such as Spot 5 and Pb-rich particles such 
as Spot 6 were also observed in Fig. 3(b). 
3.2.2 Leaching of special zinc refinery residue with 

low Ga extraction 
As shown in Table 4, a relatively high content 

 

 

Fig. 2 XRD patterns of normal zinc refinery residue (a) and the 3rd leaching residue (b) 
 

 
Fig. 3 SEM images of normal zinc refinery residue (a) and the 3rd leaching residue (b)  
 
Table 3 Chemical compositions of selected particles from Fig. 3 (wt.%) 

Spot No. O Al Si S Fe Cu  Zn Ga Ge As Sb Pb 

1 28.89 2.53 2.62 4.72 0.88 10.38  34.64 1.15 1.99 4.32 − − 

2 21.79 − − 9.29 1.03 4.42  5.93 − − − − 51.46 

3 33.32 1.36 7.81 6.22 1.52 18.02  17.95 0.95 0.48 3.53 − − 

4 33.24 2.81 3.59 8.18 1.89 12.69  24.11 0.71 0.72 4.44 − − 

5 34.09 15.4 7.05 1.19 − 4.72  36.03 − − 0.5 0.37 − 

6 33.67 − 18.65 5.03 − 0.41  0.2 − 0.54 2.25 2.15 23.52 

7 47.73 0.83 32.22 4.26 0.31 0.68  2.5 − 1.3 1.84 3.49 0.96 

8 48.2 0.39 33.26 4.06 0.32 0.75  0.73 − 0.93 2.04 3.67 1.38 
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Table 4 Leaching results of special zinc refinery residue 

Element Content in 
material/wt.% 

Content in 3rd 
leaching 

residue/wt.% 

Leaching 
efficiency/% 

Cu 10.51 0.92 95.98 
Zn 15.32 1.25 96.26 
Fe 2.98 1.51 76.76 
Ga 0.6 0.29 77.83 
Ge 0.46 0.38 62.11 
Pb 2.84 6.2 0 
As 2.8 1.82 70.18 

 
of As (above 2.8 wt.%) was detected in the special 
zinc refinery residue compared with the normal 
material. After leaching, about 0.3 wt.% of Ga 
remained in the 3rd leaching residue. Moreover, the 
leaching efficiency of As and Fe was also lowered 
to 76.76% and 70.18%, respectively. 

Compared with Fig. 2, XRD patterns (Fig. 4) 
presented new characteristic peaks of jarosite 
(KFe3(SO4)2(OH)6) and iron sulfate hydroxide 
(Fe4(OH)10SO4) in the special material and the 3rd 
residue. 

Figure 5 shows SEM images of the special 
zinc refinery residue and the 3rd leaching residue. 
Based on EDS results from Table 5, Spot 1 
contained an especially high content of Ga. 
Moreover, paragenetic relationship was also found 
among Ga, Al, Fe, S and O, as shown in Fig. 6. It 
can be confirmed that Ga was mainly embedded in 
the jarosite phase. The result was consistent with 
previous research which reported that Ga3+ replaced 
Fe3+ in the jarosite structure to form a nearly ideal 
solid solution series, as expressed in Reactions (1) 
and (2) [16]. The main phases at Spots 2 and 3 were 
elemental copper and copper sulfide, respectively. 
Spot 4 was viewed as zinc aluminate gahnite owing 
to high contents of Al, Zn and O. Spot 5 represented 
a Ge-rich particle containing high contents of Cu, 
Fe and Zn. Spots 6 and 7 were silica gel particles, 
causing a strong adsorption of Ge. After completing 
leaching, except for similar particles including 
PbSO4 (Spot 9), ZnAl2O4 (Spot 10) and germanium− 
silica gel (Spot 11), containing Ga and As particles 
such as Spots 7 and 8 were also observed in 
Fig. 5(b). 

 

 
Fig. 4 XRD patterns of special zinc refinery residue (a) and the 3rd leaching residue (b)  
 

 
Fig. 5 SEM images of special zinc refinery residue (a) and the 3rd leaching residue (b) 
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Table 5 Chemical compositions of selected particles from Fig. 5 (wt.%) 

Spot No. O Al Si S K Fe Cu Zn Ga Ge As Pb 

1 40.84 9.11 5.97 10.71 3.75 2.6 1.98 6.87 10.07 − − 5.42 

2 − − − 11.92 − 1.44 86.64 − − − − − 

3 7.1 0.97 1.23 0.39 − 1.07 88.42 − − − − − 

4 33.16 25.39 0.31 − − 3.6 0.84 36.69 − − − − 

5 29.52 1.56 4.05 2.28 − 16.69 12.12 9.96 − 5.69 11.29 − 

6 43.55 2.67 27.97 1.16 0.31 2.72 7.07 4.87 0.56 1.02 4.21 − 

7 31.35 2.73 3.98 3.01 0.82 3.92 0.37 2.44 1.19 0.39 14.03 8.72 

8 29.94 − 2.01 1.29 0.27 5.51 − 1.64 0.37 0.15 24.97 5.54 

9 19 − 0.68 8.36 0.22 0.32 − − − − − 70.18 

10 33.13 25.74 − − − 3.03 − 37.87 − − − − 

11 43.39 0.91 27.37 2.01 − 1.66 − 1.42 − 1.37 6.73 4.55 

 

 
Fig. 6 Main elemental surface distribution in special zinc refinery residue 
 
K2SO4+3Fe2(SO4)3+12H2O  

2KFe3(SO4)2(OH)6+6H2SO4                    (1)  
K2SO4+3Ga2(SO4)3+12H2O  

2KGa3(SO4)2(OH)6+6H2SO4                   (2) 
 
3.3 Leaching efficiency of Ga 
3.3.1 φ−pH diagram of Ga−As−Fe−H2O system 

Figure 7 illustrates φ−pH (φ is the potential) 
diagram for As−Fe−Ga−H2O system with [As]T= 
1 mol/L, [Fe]T=1 mol/L and [Ga]T=0.01 mol/L at 
120 °C. Atmospheric leaching of zinc refinery 
residues could bring about higher Ga and Fe 
leaching efficiencies owing to the presence of Fe2+, 
as reported from previous researches [21,22]. 
During actual production, oxidation pressure 
leaching was conducted to treat zinc refinery 
residues for highly effective recovery of Cu. 
Moreover, it was expected that Fe3+ should be 

predominant in the 1st leaching solution with Fe2+ 
concentration below 1 g/L, which was beneficial to 
Fe removal during the subsequent solvent 
extraction. When the special refinery residue 
contained a higher content of As, the transformation 
from As3+ to As5+ and Fe2+ to Fe3+ easily occurred 
during the oxidation pressure leaching [29]. 
Simultaneously, FeAsO4 and GaAsO4 precipitates 
were produced in pH range from 0 to 2.0. The main 
chemical reactions for the formation of FeAsO4 and 
GaAsO4 were expressed as Reactions (3) and (4). 
Based on the thermodynamic analyses, the effective 
measures for preventing precipitation reactions 
were to improve H2SO4 concentration and reduce 
oxygen partial pressure. 
 
4Fe2++4HAsO2+3O2+10H2O   

4FeAsO4·2H2O+8H+                        (3) 
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4Ga3++4HAsO2+2O2+12H2O  
4GaAsO4·2H2O+12H+                       (4) 

 
3.3.2 Dissolution behavior of Ga, As and Fe 

A series of leaching experiments were 
conducted on a laboratory scale, and the results are 
shown in Fig. 8. The concentrations of Ga, As   
and Fe in the leachate showed a similar variation 

tendency when leaching conditions including 
H2SO4 concentration, oxygen partial pressure, 
temperature and liquid-to-solid ratio changed. 
Namely, an increasing H2SO4 concentration and 
liquid-to-solid ratio enhanced the dissolution of Ga, 
As and Fe. A sufficient H2SO4 concentration could 
ensure soluble Ga3+, As5+ and Fe3+ in the leachate 
and prevent co-precipitation reactions among them.  

 

 
Fig. 7 φ−pH diagrams for Ga−As−Fe−H2O system at 120 °C with [As]T=1 mol/L, [Fe]T=1 mol/L and [Ga]T= 0.01 mol/L: 
(a) Fe; (b) Ga 
 

 
Fig. 8 Dissolution behavior of Ga, As and Fe during oxidation pressure leaching of special zinc refinery residue:     
(a) H2SO4 concentration (Operation conditions: 10 mL/g, 150 °C, 0.5 MPa); (b) Oxygen partial pressure (Operation 
conditions: 49 g/L H2SO4, 10 mL/g, 150 °C); (c) Reaction temperature (Operation conditions: 49 g/L H2SO4, 10 mL/g, 
0.5 MPa); (d) Liquid-to-solid ratio (Operation conditions: 49 g/L H2SO4, 150 °C, 0.5 MPa) 
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However, higher oxygen partial pressure and 
temperature caused a reduction in concentrations of 
Ga, As and Fe. It was confirmed that higher oxygen 
partial pressure could promote the oxidation of Fe2+ 
to Fe3+ and As3+ to As5+. Moreover, higher reaction 
temperature was beneficial to the precipitation 
reactions of As5+, Fe3+ and Ga3+ owing to the 
endothermic process. 
3.3.3 Co-precipitation of Ga, As and Fe 

In order to further clarify co-precipitation 
behaviors of Ga, As and Fe, an individual pressure 
leaching experiment was carried out. The actual 2nd 

leaching solution was pre-neutralized to a final acid 
concentration of 30 g/L through adding the special 
zinc refinery residue. Then, the resulting solution 
after liquid−solid separation was treated with a 
reaction temperature of 120 °C and oxygen partial 
pressure of 0.3 MPa. A brown precipitate was 
observed in the solution, and XRD analysis (Fig. 9) 
confirmed the formation of scorodite. The obtained 
scorodite particle presented a uniform morphology, 
as shown in Fig. 10. EDS result from Table 6 
demonstrated that the precipitate was mainly 
composed of O, As, Ga and Fe. The average Ga 
content in the precipitate was 4.69 wt.%. It can be 
seen from Fig. 11 that the distribution of Ga    
and Fe was absolutely accordant. No discrete Ga 
compounds were detected, indicating that Ga3+ 
substituted for Fe3+ in the scorodite structure. 

 

 
Fig. 9 XRD pattern of scorodite precipitate 
 

 
Fig. 10 SEM image of scorodite precipitate 

 
Table 6 Chemical compositions of selected particles from Fig. 10 (wt.%) 

Spot No. O Fe Cu Zn Ga As Cd Sb 

1 28.92 24.27 0.74 0.73 4.49 36.51 0.39 0.94 

2 28.69 23.85 0.92 0.93 4.87 36.54 0.4 1.02 

3 27.61 25.08 0.86 0.75 4.93 35.33 0.47 2.13 

4 25.41 26.46 0.73 0.73 4.46 36.61 0.45 1.04 

Average 27.66 24.92 0.81 0.79 4.69 36.25 0.43 1.28 

 

 

Fig. 11 Main elemental surface distribution in scorodite precipitate 
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3.4 Improvement approaches for Ga leaching 
3.4.1 Optimization leaching parameters 

Based on above-mentioned results, the low Ga 
leaching efficiency was attributed to the following 
aspects: (1) the chemical composition of the special 
zinc refinery residue was more complex, and Ga 
was embedded in the jarosite phase. In this regard,  
a higher H2SO4 concentration was required to 
dissolve jarosite; (2) During the oxidation pressure 
leaching, weak acid and strong oxidation 
atmosphere easily caused co-precipitation of Ga, As 
and Fe, resulting in a decreasing Ga leaching 
efficiency. Therefore, the improved methods for Ga 
leaching were proposed through intensifying the 
3rd atmospheric leaching and weakening the 1st 
oxidation pressure leaching. The main parameters 
were optimized as follows: (1) During the 1st 
pressure leaching, compressed air rather than O2 

was used as the oxidizing agent with a total reaction 
pressure adjusted to 0.1−0.2 MPa. The reaction 
temperature was also decreased to 90−100 °C.    
(2) In order to promote the dissolution of jarosite, 
the 3rd atmospheric leaching was intensified by 
increasing H2SO4 concentration to 160 g/L and 
reaction temperature to 85 °C. 
3.4.2 Actual production results 

After adjusting leaching parameters, actual 
production results are listed in Tables 7 and 8, 
respectively. The concentrations of Fe, As and Ga in 
the leachate were improved gradually during     
the counter current leaching. Ga concentration 
remained at about 2.0 g/L in the 1st leaching 
solution, which was subsequently recovered 
through solvent extraction and electrowinning. The 
Ga content in the 3rd residue was below 0.05 wt.%, 
obtaining above 96% of Ga leaching efficiency. 

 
Table 7 Main elemental concentrations and contents in leaching solutions by optimization parameters 

Production No. Parameter Cu Zn Fe Ga Ge As 

Production-1# 

Concentration at 1st/(g·L−1) 25.05 30.03 5.42 2.07 0.66 4.34 

Concentration at 2nd/(g·L−1) 11.57 10.44 3.44 1.12 0.54 3.51 

Concentration at 3rd/(g·L−1) 2.24 1.77 0.93 0.23 0.13 1.46 

Content at 1st/wt.% 53.81 65.23 36.53 45.89 18.18 19.12 

Content at 2nd/wt.% 37.25 28.87 46.31 43.00 62.12 47.24 

Content at 3rd/wt.% 8.94 5.89 17.16 11.11 19.70 33.64 

Production-2# 

Concentration at 1st/(g·L−1) 28.21 23.16 6.22 2.03 0.68 5.06 

Concentration at 2nd/(g·L−1) 10.81 8.21 3.43 1.03 0.45 3.63 

Concentration at 3rd/(g·L−1) 3.75 3.33 1.82 0.40 0.22 2.36 

Content at 1st/wt.% 61.68 64.55 44.86 49.26 33.82 28.26 

Content at 2nd/wt.% 25.03 21.07 25.88 31.03 33.82 25.10 

Content at 3rd/wt.% 13.29 14.38 29.26 19.70 32.35 46.64 

 
Table 8 Production result for leaching of zinc refinery residues by optimization parameters 

Production No. Parameter Cu Zn Fe Ga Ge Pb As 

Production-1# 

Content in raw material/wt.% 10.5 12.02 3.06 0.64 0.52 2.11 2.09 

Content in 3rd leaching residue/wt.% 0.8 0.95 0.78 0.05 0.3 4.67 0.96 

Leaching efficiency/% 96.55 96.42 88.47 96.46 73.89 0 79.22 

Production-2# 

Content in material/wt.% 9.92 7.79 2.93 0.67 0.56 2.73 3.39 

Content in 3rd leaching residue/wt.% 0.46 0.53 0.67 0.04 0.28 6.07 1.40 

Leaching efficiency/% 97.91 96.94 89.70 97.45 77.48 0 81.40 
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4 Conclusions 
 

(1) Compared with the normal material, Ga 
from the special refinery residue was embedded in 
the jarosite phase, requiring H2SO4 with higher 
concentration to dissolve Ga. 

(2) The dissolution of As, Fe and Ga indicated 
a similar variation tendency during the oxidation 
pressure leaching of zinc refinery residues. 

(3) A sufficient H2SO4 concentration and 
liquid-to-solid ratio enhanced Ga leaching, whereas 
higher oxygen partial pressure and reaction 
temperature promoted the co-precipitation of As, Fe 
and Ga. 

(4) Through weakening the 1st pressure 
leaching and intensifying the 3rd atmospheric 
leaching, Ga content in the 3rd residue was lower 
than 0.05 wt.%, obtaining above 96% of Ga 
leaching efficiency. 
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锌粉置换渣浸出过程中镓的溶解行为及改善方法 
 

张 伟 1,2，饶 帅 3，李立清 1，宫晓丹 2，吴才贵 2，胡东风 2，曹洪杨 3，刘志强 3 

 
1. 江西理工大学 材料冶金化学学部，赣州 341000； 

2. 深圳市中金岭南有色金属股份有限公司 丹霞冶炼厂，韶关 512325； 

3. 广东省科学院 资源利用与稀土开发研究所，广州 510650 
 

摘  要：针对丹霞冶炼厂锌粉置换渣浸出过程中镓浸出率偏低问题，采用 ICP−AES、XRD 与 SEM−EDS 对不同

批次锌粉置换渣化学成分、物相与形貌进行详细分析。与正常生产锌粉置换渣相比，异常锌粉置换渣中镓主要赋

存于黄钾铁矾之中，造成镓浸出困难。对锌粉置换渣氧压浸出过程进行分析，镓、砷和铁溶出规律较为一致：增

大硫酸浓度和液固比有利于镓、铁和砷的浸出，但提高温度和氧气分压对镓、铁和砷溶出不利。依据上述研究结

果，提出强化镓浸出效率的改善措施，弱化一段氧压浸出(分别降低反应温度和压缩空气总压至 90 ℃和 0.2 MPa)

与强化三段常压浸出(分别提高硫酸浓度和反应温度至 160 g/L 和 85 ℃)，镓的浸出效率由 77.83%提高至 96.46%。 

关键词：溶解行为；锌粉置换渣；镓；黄钾铁钒；臭葱石 
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