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Abstract—The leaching of iron (II) sulfate concentrate from Chaabet El Hamra, Algeria bulk sulphide ore 
with sphalerite concentrate in presence of sulfuric acid and hydrogen peroxide at low stirring rates  
(100 rpm). The influence of leaching temperature, leaching time, particle size and sulfuric acid 
concentration were studied. In this paper we focused our attention on the process of direct leaching of iron 
(II) sulfate concentrate with sulfuric acid. The results of leaching show that the combination of sulphuric 
acid and hydrogen peroxide enhances the dissolution of the bulk sulphide ore. The Leaching rate was 
studied as a function of the leaching temperature, the leaching time, the particle size and the sulfuric acid 
H2SO4 concentration. The optimal operational conditions were as follows: leaching temperature 100°C; 
leaching time 2 hours; sulfuric acid concentration 2 mol/L-1; the smaller particle size 63 µm and the solid-to-
liquid ratio 1:10. In these values the maximum extraction of iron (II) sulfates is 0.0416 mol/L-1.  
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INTRODUCTION  
Leaching is an interaction process between dissolved reagents and solid phase. Temperature, 

concentration of reagents, rate of mixing, surface area of solid phase and other parameters affect the 
rate of leaching [1]. In nature zinc sulphide is present in major form sphalerite which often contain as 
an impurity significant amount (5–15%) of iron [2]. Pyrite and chalcopyrite, the most common and 
exploitable sulphide minerals,usually occur together and in contact with each other [3]. Zinc is an 
important metal required for many applications from metal products to chemical, paint, and 
agriculture industries. It is mainly recovered from sphalerite (ZnS), which is commonly associated to 
other sulphide minerals, such as chalcopyrite (CuFeS2), galena (PbS), Pyrite (FeS2) and tedrahedhrite 
(Cu, Fe)12 (Sb, As)4S13 [4–8]. 

Generally speaking, hydrometallurgical processes without pretreatment are more advantageous and 
less harmful than pyrometallurgical processes from an economic and environmental point of view, 
especially for complex ores [9]. The hydrometallurgical processes are regarded as more eco-friendly 
for treating such materials having a low zinc content [10]. 

The Leaching of zinc concentrates is based on the oxidation of zinc sulphide in an acidic 
environment. Studies of sphalerite leaching in different mediums have been carried out by several 
authors [11–16]. However, in industrial scale mostly ammoniacal and sulfuric leaching are used [17]. 
The kinetics of leaching is very important to fully understand the metals dissolution process. Thus 
several studies have been done in the leaching kinetics of zinc sulphide [18–19]. The classical model 
used for description of sulphide minerals leaching mechanism is shrinking core model [20]. The 
suitability of the shrinking core model in sphalerite leaching has been supported by many authors 
[21–23].  

In the present paper, as a fundamental study, the sulfuric acid and hydrogen peroxide has been 
applied to the direct leaching iron from sulphide ore of a Chaabet El Hamra, Setif (Algeria), 
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considering influencing parameters such as concentration of sulfuric acid, leaching temperature, 
leaching time and particle diameter. 

1. EXPERIMENT  

1.1. Material Composition 
The feed for this study was copper sulfide concentrate. The bulk concentrate from this ore was 

produced at cheabet Elhamra mine, Setif, Algeria. The chemical composition of the feed was, %: Zn 
41.61; S 39.38; Fe 13.71; Cu 0.14. Figure 1 shows optical micrograph of the bulk concentrate and the 
mineralogical analysis results of bulk concentrate, respectively. The major minerals present in the 
concentrate were sphalerite (ZnS), marmatite (ZnFeS), chalcopyrite (CuFeS2), and other minerals. 
The feed was determined by electronic microscope.  

2.2. Leaching Procedure  
The leaching experiments were carried out in flask fitted with a reflux condenser and a 

mechanical stirrer. The flask was placed on a thermostatically controlled heating mantle. The solution 
temperature was controlled to specific values with continuously monitored by a thermometer. 
Samples of clay weighing 10 gm were taken in 100 ml of leaching solution. 

The leaching efficiency of Zn metals were calculated according to the following equation: 

 100      
21

11 ×=
CW

VC
nexteractioMetal , (1) 

where C1 is the metal concentration in the leaching solution, V1 is the volume of leaching solution, W1 
is the mass of Zn metal content in the hydrometallurgical residue and C2 is the percent of metal Zn 
metal content in the hydrometallurgical residue. 

The optimum concentrations of both the acids were determined by leaching in 0.25, 0.5, 1 and 2 
M sulfuric acid solutions. The subsequent leaching was performed in the optimized acid 
concentrations at temperatures of 25, 45, 65 and 100 °C for 30, 60, 90, 120 minutes at each 
temperature. A variable speed stirrer operated at a speed of 100 rpm was maintained during in all 
leaching experiments at 1 MPa. At the end of leaching for a specific period of time at a specific 
temperature of leaching solution was taken out of the round bottom flask by a pipette. The collected 
sample of leach liquor was cooled, filtered. Metal content was analyzed by atomic absorption 
spectrometry (AAS Shaker D407).  

2.2. Leaching Mechanism  
The oxidation reaction of sphalerite in an acid solution (pH ≤ 2) is an electrochemical process 

which entails the dissolution of the mineral; this process releases metal ions and forms elemental 
sulfur [24]: 

 2e. + S° + + Zn ZnS 2→  (2) 

The leaching behavior of a zinc sulphide concentrate in moderately acidic solutions, ZnS and 
sulfate inter-reacted and generated S, ZnSO4, FeSO4, H2O, etc. [5, 25]. To determine the extraction of 
iron (II) sulfates that can be achieved by the reactions: 

 ,SH+  ZnSO SOH + (s) ZnS (aq)2442 →  (3) 

 S,2H + 2ZnSO + 2FeSO SO2H + 2ZnFeS 24422 →  (4) 

 O,H + )(SOFe SOH + 2FeSO 2342424 →  (5) 

 SO. + SOH + 2FeSO )(SOFe + SH 4243422 →  (6) 

Hydrogen sulfide is distributed between aqueous and gas phases according to: 
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 .SH SH (g)2(aq)2 →  (7) 

2. RESULTS AND DISCUSSION  

2.1. Effect of Leaching Temperature  

To study the effect of leaching temperature on solubility of the leaching of iron (II) sulfate 
concentrate was studied at constant sulfuric acid concentration (2 mol/L-1), solid-to-liquid ratio (1:10), 
leaching time (2 h), the leaching of iron (II) sulfate concentrate also studied at different particle sizes. 
These results presented in Fig. 2 show that the effect of extraction of iron (II) sulfates is enhanced 
with increasing temperature. As it can be seen, also the iron (II) sulfate concentrates increase with 
increasing the particle size, reaching the maximum extraction of iron (II) sulfates was found of  
0.0416 mol/L-1, it is obtained with particle size of 63 µm at a leaching temperature of 65 °C, can be 
compared with 100 °C was found of 0.0412 mol/L-1, it is in qualitative agreement to obtain the 
maximum enhancement. 

2.2. Effect of Leaching Time  
Generally study, the leaching time is important parameter in the thermodynamic behavior, because 

the reaction duration is sensible to the leaching of iron (II) sulfate concentrate, the letter was studied 
as a function of leaching time with different concentrations of sulfuric acid at a leaching temperature 
of 65 °C, the leaching of iron (II) sulfate concentrate also studied at different particle sizes, where the 
solid-to-liquid ratio is (1:10). Figures 3a–3d show the effect of leaching time with sulfuric acid 
(H2SO4) concentration on the leaching of iron (II) sulfate concentrate at different particle sizes as 63, 
125, 160 and 200 μm, respectively. It is seen that with increasing the leaching time and sulfuric acid 
concentrations, leaching rate increased in all particle sizes; but when the leaching time was over 1.5 h, 
the curve of leaching rate was changed to be steady; the suitable leaching time is 2 h, reaching the 
maximum extraction of iron (II) sulfates is 0.0416 mol/L-1 obtained with 63 µm at a concentrations of 
sulfuric acid of 2 mol/L-1. This is in agreement with the findings of Xu et al. [26] that the rate of iron 
and silica dissolution decreases greatly with an increase in leaching time; it was suggested that 
particle size less than −98+74 μm is sufficient for the whole experiment. Thus, leaching time for 
higher productivity was standardized to 120 min on the basis of leaching selectivity of zinc. Akcil 
[27] and Antonijevic et al. [28, 29] demonstrated that dissolution the rate decreases with increasing 
particle sizes. 

 

Fig. 2. The variation of iron (II) sulfate concentrate at different particle sizes as a function of temperature of leaching solution. 
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Fig. 3. The variation of iron (II) sulfate concentrate at different sulfuric acid concentrations as a function of leaching time with 

different particle sizes: (a) 63 µm, (b) 125 µm, (c) 160 µm, (d) 200 µm. 

2.3. Effect of Particle Sizes  
To obtain more information on the leaching of iron (II) sulfate concentrate, this letter was studied 

as a function of particle size at various leaching temperatures, which investigate with the constants of 
sulfuric acid concentration (2 mol/l-1), leaching time (2 h) and solid-to-liquid ratio (1:10). Figure 4 
show the effect of the particle size on leaching process at various leaching temperatures. Figure 4 
demonstrates that the maximum iron (II) sulfate concentrate was obtained at the particle size of 63 
µm, after this point the leaching rate of iron (II) sulfate concentrate was changed to minimum value. 
The good result was achieved in the particle size of 63 µm at 65 °C. Li et al. [30] observed that the 
particle size of the sample chosen was as 48–42 μm to obtain a higher extraction percent of zinc and 
indium. 

 

Fig. 4. The variation of iron (II) sulfate concentrate at different temperature of leaching solution as a function of particle size. 
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2.4. Effect of Acid Concentration  
To investigate the effect of sulfuric acid (H2SO4) concentration on the leaching of iron (II) sulfate 

concentrate, the leaching was studied at different experiments on 63–200 µm ore, by varying the 
initial sulfuric acid concentration over 0.25–2 mol/L-1 at 65 °C for leaching time of 2 h and a solid-to-
liquid ratio (1:10). The sulfuric acid H2SO4 concentration has a significant effect on the recovery of 
iron (II) sulfate concentrate. Figures 5a–5d shows the effect of sulfuric acid (H2SO4) concentration 
with leaching temperature on the leaching of iron (II) sulfate concentrate at different particle sizes as 
63, 125, 160 and 200 μm, respectively. As it can be seen, the leaching rate increased to  
0.0416 mol/L-1 with an increase in sulfuric acid H2SO4 concentration from 0.25 to 2 mol/L in the 
particle sizes of 63 µm with leaching temperature of 65 °C. Therefore, these values can be chosen as 
the optimum reaction temperature. Moreover, other researchers who have studied leaching of zinc 
ferrite with sulfuric acid H2SO4 concentration stated that sufficient zinc recoveries could be obtained 
by using more than 100 g/l of H2SO4 at 90–95 °C temperature range in 2–4 hours reaction duration 
[31–33]. 

CONCLUSIONS  
The leaching of iron (II) sulfate concentrate from Chaabet El Hamra, Algeria bulk sulphide ore 

was used to leaching of iron (II) sulfate concentrate with varying the leaching temperature, leaching 
time, particle size and sulfuric acid concentration at low stirring rates (100 rpm). The following 
conclusions can be drawn from the results presented: 

(1) The sulfuric acid dissolution of Chaabet El Hamra, Setif (Algeria) bulk complex sulphide ore in 
the presence of hydrogen peroxide was studied. The process of direct leaching of iron (II) sulfate 
concentrate with sulfuric acid operated at low stirring rates (100 rpm). 

 

Fig. 5. The variation of iron (II) sulfate concentrate at different temperatures of leaching solution as a function of sulfuric acid 
concentration with different particle sizes: (a) 63 µm, (b) 125 µm, (c) 160 µm, (d) 200 µm. 
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(2) The effects of concentration of sulfuric acid H2SO4, leaching temperature, leaching time and 
particle diameter on leaching rate were investigated. It was found that ore mineralogy plays a major 
role in the dissolution process. Highest recoveries of iron (II) sulfate concentrate obtained at a particle 
size of 63 μm.  

(3) Based on the results of this study, it was concluded that the combination of sulphuric acid and 
hydrogen peroxide enhances the dissolution of the bulk sulphide ore.  

(4) The optimal operational conditions were as follows: leaching temperature 65 °C; leaching time 
2 hours; sulfuric acid concentration 2 mol/L-1; the smaller particle size 63µm and the solid-to-liquid 
ratio 1:10. In these values the maximum extraction of iron (II) sulfates is 0.0416 mol/L-1. 
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