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Abstract: Effects of particle size of the zinc sulfide concentrate, leaching temperature, solid-to-liquid ratio and additive amount on 
pressure acid leaching process of the zinc sulfide concentrate were studied. The results indicate that the additive can improve the 
reaction kinetics and the conversion rate. And sulfur can be successfully separated from the zinc sulfide concentrate as elemental 
sulfur. The reasonable experiment parameters are obtained as follows: the leaching temperature 150 ℃, oxygen partial pressure     
1 MPa, additive amount 1%, solid-to-liquid ratio 1:4, leaching time 2 h, initial sulfuric acid concentration 15%, and particle size less 
than 44 µm. Under the optimum conditions, the leaching rate of the zinc can reach 95% and the reduction rate of the sulfur can reach 
90%. 
Key words: zinc sulfide concentrate; pressure acid leaching; zinc; sulfur 
                                                                                                             
 
 
1 Introduction 
 

Zinc exists in the earth crust predominantly as 
sulfides, and sphalerite is its most important ore. There 
are 89 million tons recoverable deposits and 33 million 
tons industrial reserves in China[1−4]. China owns the 
most zinc ore in the world[2, 5−8]. Zinc sulfide 
concentrate is the main raw material for extracting zinc. 
Many investigations have been reported for the 
beneficiation of zinc ore to prepare concentrate from 
which zinc metal is produced by hydrometallurgical 
process. These processes involve a roasting step, which 
evolves toxic SO2 gas and requires a sulfuric acid plant 
to be set up in the smelter. Direct pressure leaching has 
several problems associated with maintenance of 
autoclave[9−13]. Among the alternative processes to 
treat the sphalerite, the hydrometallurgical route without 
pretreatment, such as direct oxidative leaching, is 
considered to be quite attractive[6, 14−15]. The pressure 
leaching has been commercially used in the metal ores 
and concentrates. It offers the advantages of more precise 
control, higher mineral utilization, and increased 
flexibility[16]. 

The present work reports such a study carried out on 

zinc sulfide concentrate, with high metal impurities. The 
process is based on a direct leaching with oxygen of bulk 
flotation concentrate. 
 

2 Experimental 
 
2.1 Materials 

The feed for this study was zinc sulfide concentrate. 
The bulk concentrate from this ore was produced at 
Huludao Zinc Plant, Liaoning Province, China. 

Tables 1 and 2 show the chemical compositions of 
the feed and the mineralogical analysis results of bulk 
concentrate, respectively. The major minerals present in 
the concentrate were sphalerite (ZnS), marmatite 
(ZnFeS), quartz (SiO2), and other minerals including Pb 
and Ti. Fig.1 shows the XRD pattern of the zinc sulfide 
concentrate. 

Representative samples were used in all 
experiments. All chemicals used were of analytical grade 
and all solutions were made with distilled water. Metal 
content was analyzed by atomic absorption spectrometry 
(Perkin-Elmer). 
 
2.2 Equipment 

The leaching was carried out on laboratory scale. 
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Fig.1 XRD pattern of zinc sulfide concentrate 
 
Leaching was done in a pressure reactor called autoclave. 
Table 3 shows the leaching experiment equipments, and 
Table 4 shows the major technical parameters of the 
autoclave. 
 
3 Results and discussion 
 
3.1 Leaching mechanism 

In this leaching system, ZnS and sulfate 
inter-reacted and generated S, ZnSO4, H2O, etc. 

In the absence of oxygen, the partial pressure of 
H2S formed slows down the kinetics of the leaching 
reaction. The addition of oxygen in the system reduces  

this effect: 
 

ZnS+H2SO4+1/2O2=ZnSO4+S0+H2O↑ 
(low-iron A/C leaching)                   (1) 

 
ZnS+H2SO4=ZnSO4+H2S                     (2) 
 
H2S+Fe2(SO4)3=2FeSO4+H2SO4+S0             (3) 
 
ZnS+Fe2(SO4)3=2FeSO4+ZnSO4+S0             (4) 
 
2FeSO4+H2SO4+1/2O2=Fe2(SO4)3+H2O          (5) 
 
3.2 Effect of leaching temperature 

The leaching temperature is an important 
thermodynamic parameter. The effect of leaching 
temperature on the leaching of zinc concentrate was 
studied at constant initial sulfuric acid concentration 
(15%), leaching temperature (150 ℃), solid-to-liquid 
ratio (1:4), particle size (＜53 µm), leaching time (1.5 h), 
oxygen partial pressure (0.8 MPa), stirring speed (480 
r/min) and additive amount (1%). 

Fig.2 shows increase in zinc and sulfur recovery 
with the increase in leaching temperature. When the 
leaching temperature was above 120 ℃, the slope of the 
curve was decreased. It could be conducted that 150 ℃ 
was the suitable leaching temperature. 
 
3.3 Effect of oxygen partial pressure 

In the process of pressure leaching, oxygen was an 
important reactive substance introduced into reacting 
system. The effect of oxygen partial pressure on the 

 
Table 1 Chemical composition of ZnS concentrate (mass fraction, %) 

Zn S Fe Si C Pb Ti Cu Al 
51.7 32.7 3.16 4.85 2.52 1.56 0.95 0.22 0.151

 
Table 2 Mineralogical composition of head sample (mass fraction, %) 

Sphalerite Marmatite Quartz Galena Pyrite Chalcopyrite 
78.4 2.05 4.85 1.56 1.11 0.45 

 
Table 3 Experimental equipments 

Experimental equipment Manufacturer 
WHFS−2T type reactor Weihai Automatic Reactor Ltd. 

ICP emission spectroscope American Leeman Ltd. 

JA2103 electronic balance Shanghai Minqiao Precision Scientific Instruments Ltd. 

101type electric blast-drying oven Beijing Medical Instrument Factory 

Electro-thermal distiller Tianjin Instrument Ltd. 

PW3040/60 Type X-Pert Pro MPD Holland PANALYTICAL B.V 

Mini three-phase induction motor Shenyang Micro-motor Factory 

 
Table 4 Related technical parameters of WHFS−2T high pressure reactor 

Heating way Body volume/L Temperature/℃ Pressure/ 
MPa 

Agitation speed/
(r·min−1) 

Temperature control 
accuracy/℃ 

Heating 
power/kW 

Electric 2 25−300 20.0 20−750 ±0.5 2  
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Fig.2 Effect of leaching temperature 
 
leaching of zinc concentrate was studied at constant 
initial sulfuric acid concentration (15%), leaching 
temperature (150 ℃), solid-to-liquid ratio (1:4), particle 
size (＜53 µm), leaching time (1.5 h), stirring speed (480 
r/min) and additive amount (1%). 

Fig.3 shows that the higher pressure made the 
higher leaching rate of zinc and conversion of sulfur, but 
in the range of high oxygen partial pressure, the 
increasing trend was slow. So, it could be constructed 
that 1 MPa was the best pressure for leaching of zinc 
sulfide concentrate. 
 

 
Fig.3 Effect of oxygen partial pressure on leaching 
 
3.4 Effect of additive amount 

The defreezed sulfur had strong wetting function, 
and it could be encapsulated over the surface of the 
concentrate, so as to hinder the contact between the 
concentrate and reaction medium. To prevent the 
concentrate particles to be encapsulated, the 
lignosulfonate as active agent was added into the 
leaching system. 

The effect of additive amount on the leaching of 
zinc concentrate was studied at constant initial sulfuric 
acid concentration (15%), leaching temperature (150 ℃), 

solid-to-liquid ratio (1:4), particle size (＜ 53 µm), 
leaching time (1.5 h), stirring speed (480 r/min) and 
oxygen particle pressure (1 MPa). 

Fig.4 shows that at 150 ℃, the leaching rate of zinc 
was 74.5%, while the conversion of sulfur was 29.8%, 
when there was no additive. For the surface 
hydrophobicity of the sulfide concentrate, it was unease 
to be wetted by water but by defreezed sulfur, and the 
non-oxidative sulfides were wetted and encapsulated in 
priority by sulfur in the process of pressure leaching. 
This increased the diffusion resistance and hindered the 
leaching of zinc sulfide concentrate seriously. With 
increasing the amount of additive, the surface tension of 
fluid sulfur was decreased, and the sulfur dropped from 
the surface of sulfide while stirring. However, when the 
amount of additive was over 0.8%, the leaching rate 
changed slowly. So, it could be concluded that 1% was 
the suitable additive amount. 
 

 
Fig.4 Effect of additive amount on leaching 
 
3.5 Effect of solid-to-liquid ratio 

The effect of solid-to-liquid ratio on the leaching of 
zinc concentrate was studied at constant initial sulfuric 
acid concentration (15%), leaching temperature (150 ℃), 
additive amount (1%), particle size (＜53 µm), leaching 
time (1.5 h), stirring speed (480 r/min) and oxygen 
particle pressure (1 MPa). 

Fig.5 shows that, with increasing the amount of 
sulfate, the leaching rate of zinc and the conversion of 
sulfur were increased. When the solid-to-liquid ratio was 
over 1:4, the curve changed to be steady. However, 
solid-to-liquid ratio was small, the amount of acid was 
too small, and the leaching rate was low. There was no 
significance for leaching when the amount of sulfate 
increased. So, the suitable condition of solid-to-liquid 
ratio was 1:4. 
 
3.6 Effect of leaching time 

The effect of leaching time on the leaching of zinc 
concentrate was studied at constant initial sulfuric acid 
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Fig.5 Effect of solid-to-liquid ratio on leaching 
 
concentration (15%), additive amount (1%), particle size 
(＜53 µm), solid-to-liquid ratio (1:4), leaching temperate 
(150 ℃), stirring speed (480 r/min) and oxygen particle 
pressure (1 MPa). 

Fig.6 shows that with increasing the leaching time, 
leaching rate increased; but when the leaching time was 
over 1.5 h, the curve of leaching rate was changed to be 
steady. So, the suitable leaching time is 2 h. 
 

 

Fig.6 Effect of leaching time on leaching 
 
3.7 Effect of particle size 

The effect of leaching time on the leaching of zinc 
concentrate was studied at constant initial sulfuric acid 
concentration (15%), additive amount (1%), leaching 
time (2 h), solid-to-liquid ratio (1:4), leaching 
temperature (150 ℃), stirring speed (480 r/min) and 
oxygen particle pressure (1 MPa). 

Fig.7 shows that the effect of the particle size on 
leaching process was serious. With decreasing the 
particle size, the leaching rate of zinc and conversion of 
sulfur were increased. The curve changed to be steady 
when the particle size was smaller than 44 µm. 

The definition formula of specific surface area is 

 

 

Fig.7 Effect of concentrate particle size on leaching 
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where S is the total surface area of the particles; m is the 
total mass of the particles; r is the radius of the particles; 
and ρ is the density of the particles. 

The specific surface area and single particle size are 
in inverse relation. The pressure leaching of zinc sulfide 
concentrate is a liquid-solid reaction in autoclave. With 
decreasing the particle radius in unit volume, the 
probability of contract between the particle of 
concentrate and reaction medium is increased, which can 
improve the kinetic condition and increase the leaching 
rate of the reaction correspondingly. 
 
4 Conclusions 
 

1) This laboratory-scale investigation demonstrated 
the feasibility of using pressure leaching process to 
extract zinc and elemental sulfur from zinc sulfide 
concentrate. However, there are some areas that need 
further exploration to determine the relative merits of 
this process as compared with those methods already in 
place or put forward. 

2) The reasonable experiment parameters are: 
leaching temperature 150 ℃, oxygen partial pressure   
1 MPa, additive amount 1%, solid-to-liquid ratio 1:4, 
leaching time 2 h, initial sulfuric acid concentration 15%, 
and particle size smaller than 44 µm. The leaching rate of 
the zinc can reach 95% and the reduction rate of the 
sulfur can reach 90% at this condition. 

3) Adding the additive can further enhance the 
leaching kinetics. Autoclave leaching of the concentrate 
allows for high zinc extraction with greatly decreased 
reaction time. The laboratory process shows sufficient 
promise for a detailed process development. 
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