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Abstract: The precipitation process of hematite from the leaching liquor of high iron sphalerite was studied. The effects 
of temperature, seed addition, time and oxygen partial pressure on the iron precipitation and the behavior of impurities 
during the process were investigated. The results show that the iron removal rate and iron content of the residue increase 
with the increase of temperature, time and seed addition, and are independent of oxygen partial pressure. Increasing 
temperature and prolonging time can improve the purity of hematite. The iron removal rate is larger than 95% at 
temperature of 190 , seed addition of 20 g/L, time of 3 h and oxygen partial pressure of 0.3 MPa. Iron content of 
precipitate is larger than 50% and purified solution contains Fe below 2.5 g/L. More than 95% of K and Ca and 
50%�60% of Na, F and Ni co-precipitate with hematite, less than 1% of Zn, Mg, Mn and Cl remain in the residue. 
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Table 1  Chemical composition of leach liquor (mass 

concentration, g/L) 

Fe Zn Cu In As 
37.4 80.8 1.04 10�3 8.4 10�3 0.002

Mg F K Na Cl
15.2 0.05 0.45 1.21 0.31 

Ni Co Si Mn Ca
3.87 10�3 3.03 10�3 0.04 3.01 0.1 

 
1.2   

0.5L�GSH (
1Cr18Ni9Ti-TA2) 0.2 L

( Fe2O3)
200 V

600 r/min     
2 

( 2XZ�4)
101�I

48 h( 55 )  
 

1.3   
X ( D/max�2200)

(
VEGA 3 SBH)

 
 
�=[1�(C2V2/C1V1)] 100%                                (1) 
 

� % C1

g/L C2 g/L V1

L V2 L  

1.4   
 

 
2FeSO4+0.5O2+2H2O=Fe2O3+2H2SO4           (2) 
 

(2)  
 
2FeSO4+0.5O2+H2SO4=Fe2(SO4)3+3H2O         (3) 
Fe2(SO4)3+3H2O=Fe2O3+3H2SO4               (4) 
 
    (2)

 
 
O2(g)=O2(aq)                                  (5) 
FeSO4·H2O FeSO4+H2O                    (6) 
 

H+

Fe2O3

 
 
3Fe2(SO4)3+14H2O=2(H3O)Fe3(OH)6(SO4)2+5H2SO4 

(7) 
 

 
Fe2(SO4)3+2H2O=2FeOHSO4+H2SO4            (8) 
 

Na K  
 
M2SO4+3Fe2(SO4)3+12H2O  

2MFe3(SO4)2(OH)6+6H2SO4(M=K,Na)        (9) 
 

(7)~(9) [7] S
(9) [8]

  

H+ Fe2O3  
[9]

FeSO4·H2O Fe2+

Fe3+ Cu2+ Fe2+

[10]  
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10 g/L 600 r/min pH

3.4
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Table 2  Effect of reaction temperature on iron removal 

Temperature/  
Final solution H+ 

concentration/(mol·L�1) 
Fe concentration in 

final solution/(g·L�1)
Fe content in 
precipitate/% 

S content in 
precipitate/% 

Precipitation rate of
Fe/% 

160 0.32 3.65 43.9 8.41 89.93 
170 0.40 3.5 45.28 8.02 90.14 
180 0.45 3.3 49.16 7.66 90.37 
190 0.52 2.2 49.52 6.89 92.94 
200 0.56 2.1 49.91 6.47 93.31 

 

2 H+

160 
200 

170 180 190 
XRD 1  

 

 
1  XRD  

Fig. 1  XRD patterns of hematite residues produced at various 

temperatures: (a) 170 ; (b) 180 ; (c) 190  

 
1

180 
180 

RUIZ [6] 5 g/L

195 185 
[11] 190  

2.1.2   
190 3 h

0.4 MPa 600 r/min pH
3.4

2  
 

 
2   

Fig. 2  Effects of seed addition on precipitation rate of Fe and 

iron content in precipitate 

 
2 15 g/L

Fe3+

[12�13]

Fe3+

DUTRIZAC[14]

100%
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2.1.3   
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600 r/min pH 3.4
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Fig. 3  Effect of reaction time on precipitation rate of Fe 
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4  XRD  

Fig. 4  XRD patterns of hematite residues produced at various 

times: (a) 0 h; (b) 1 h; (c) 2 h; (d) 3 h 
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5  K Na  

Fig. 5  Effect of reaction time on contents of K and Na in 

hematite residues 
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Fig. 6  Effect of oxygen partial pressure on iron precipitation 
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2.2   
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0.3 MPa    

1 L 2L�GSH (
1Cr18Ni9Ti-TA2) 3
3 3
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2.3  SEM  

pH 3.4 190 20 
g/L 0.3 MPa 600 r/min

3 h SEM
7  
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Table 3  Confirmatory experiment results under optimum 

conditions 

Experiment 
No. 

Precipitation
rate of Fe/%

Fe content in 
hematite 

residue/% 

Fe content in 
final solution 

Fe/(g·L�1) 
1 95.28 51.89 2.4 

2 95.46 52.47 2.2 

3 95.27 52.35 2.3 

Average 95.33 52.24 2.3 

 

 
7  SEM  

Fig. 7  SEM image of hematite residue 

 
( )

1~2 �m

 
 
2.4   

3
4  

94 g/L( ) 4 Zn
1% In 37% Mg

0.1% F 66% Cl  
 

4   

Table 4  Chemical compositions of hematite residue (mass 
fraction,%) 

Fe Zn Cu In As Mg F K

52.3 0.54 0.001 331) 0.01 0.015 0.035 0.47

Na Cl Ni Co Mn S Ca  

0.65 0.001 0.002 0.002 0.005 4.82 0.101  

1) g/t. 
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