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Abstract: Based on thermodynamics between iron oxides and sulfuric acid, a pretreatment process of sulfuric acid-curing 
and leaching was used to remove iron, release packaged gold and enhance gold leaching rate. The results show that the 
product of hematite and sulfuric acid, ferric sulfate, converts to rhomboclase HFe(SO4)2·4H2O under a suitable H2SO4 

acidity, which can lessen the product concentration, continue the hematite dissolution and improve the iron removal rate. 
A reasonably higher temperature during curing process leads to a higher iron removal rate. The pretreatment works 
effectively. For calcine containing Fe of 31.25%(mass fraction) and Au of 84.27 g/t, the gold leaching rate reaches 
97.51% and the residual iron in calcine is reduced to 7.23% after a pretreatment of sulfuric acid content 75%, excess 
coefficient of sulfuric acid 1.4, curing temperature 250  and curing time 1 h. 
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Table 1 Chemical components of calcine (mass fraction, %) 

Au* Ag* Fe S As 

84.27 13.55 31.25 1.03 0.55 

Cu SiO2 Al2O3 CaO MgO 

0.10 37.96 5.97 1.55 0.72 

* g/t. 

2   

Table 2  Phase analysis results of gold in calcine 

Form Mass fraction/(g·t�1) Distribution/%

Free gold 74.01 87.83 

Arsenopyrite 2.43 2.88 

Sulphide 1.04 1.23 

Iron oxide 6.16 7.31 

Silicate 0.63 0.75 

Total 84.27 100 

3  

Table 3 Phase analysis results of iron in calcine 

Form Mass fraction/% Distribution/%

Hematite and limonite 28.53 91.30 

Martite 1.09 3.49 

Iron carbonate 0.53 1.70 

Ferrosilite 0.48 1.54 

Magnetite 0.35 1.11 

Ferric sulfide 0.27 0.86 

Total 31.25 100 

 

 
1  XRD  

Fig. 1  XRD pattern of calcine 
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Fig. 2  Schematic diagram of flow chart of cyanide leaching 

of gold for calcine 
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2.1  �  

XRD 3

HFe(SO4)2·4H2O

 
 

 
3  XRD  

Fig. 3  XRD patterns of calcine after curing: (a) Calcine cured 

and unleached; (b) Calcine cured and leached 
 

 
 

Fe2O3 3H2SO4 Fe2(SO4)3 3H2O, 
�G=�121.28+0.4845T (kJ/mol)                  (1) 

 
4Fe3O4 O2 18H2SO4 6Fe2(SO4)3 18H2O    (2) 

 
CuO+H2SO4 CuSO4 H2O                  (3) 

 
Al2O3 3H2SO4 Al2(SO4)3 3H2O            (4) 

 
(1) Fe2O3 H

�G� 23.18 kJ/mol �G pH
4 4

pH c(Fe3+) 1 mol/L
pH �0.68 DARRELL   

[16] Pitzer pH
( 5 a b

) 5 3 mol/L
�G

pH
 

pH

(1) pH
Fe2(SO4)3

HFe(SO4)2·4H2O [15, 17�18]( 3)   
Fe2(SO4)3+H2SO4+2nH2O=2HFe(SO4)2·nH2O     (5) 

 
HFe(SO4)2·nH2O=HFe(SO4)2·4H2O (n�4)H2O    (6) 

 
Fe2(SO4)3 H2SO4+8H2O=2HFe(SO4)2·4H2O   (7) 
 

(1) Fe3

(1)  
 

 

4  �G pH  

Fig. 4  Relationship between �G and pH in acidic dissolution 

of hematite 
 

 

5  pH (25 , 1.013 105 Pa)[16] 

Fig. 5  Relationship between pH and concentration of sulfuric 

acid (at 25  and 1.013 105 Pa)[16] (a Values computed 

PHRQPITZ (25) using Maclnnes convention for scaling Pitzar 

single-ion activity coefficients; b Values computed by 

PHRQPITZ (25) using unscaled Pitzer single-ion activity 

coefficients) 
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Fig. 6  Effect of iron content on gold leaching rate 
 

6
15%

95% 7.5%
97% pH 2.0

82.58%     
14.68 g/t 1.10%

98.32% 2.83 g/t

 

[19]

[7] �

 
 
2.3  

   
 

75% 1.4
250 2 h 4:1

400 r/min 2 h  
2.3.1   

4 4

75% 86.74%
90%

60.08%  
pH

H2SO4 (1)
(5)~(7)

(5) (7) Fe3

H2O

75%  
 

4   

Table 4  Effect of sulfuric acid content on iron removal rate 

Sulfuric acid 

content/% 

Residual  

iron/% 

Iron removal 

rate/% 

65 9.69 80.94 

70 8.89 83.66 

75 7.19 86.74 

80 7.82 84.80 

85 9.20 82.74 

90 16.99 60.08 

 
2.3.2   

5 5
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Table 5  Effect of excess coefficient of sulfuric acid on iron 

removal rate 

Excess coefficient of 

sulfuric acid 

Residual  

iron/% 

Iron removal 

rate/% 

1.0 13.45 72.35 

1.1 11.18 77.75 

1.2 9.12 82.27 

1.3 7.42 85.82 

1.4 7.19 86.74 

1.5 6.57 87.99 

1.6 5.95 89.52 

 

2.3.3   
6 6

100 80.53% 250 
86.74% 7.19%

300  
 

6   

Table 6  Effect of curing temperature on iron removal rate 

Curing 

 temperature/  

Residual 

iron/% 

Iron removal 

rate/% 

100 10.28 80.53 

200 8.09 85.55 

250 7.19 86.74 

300 7.45 84.81 

400 9.00 79.05 

 

pH

(1) ( 4) (1)

75% 182 
98%

338 480 

 

7 250
30 min 84.41% 1 h

86.59%

97.51%  
 

7   

Table 7  Effect of curing time on iron removal rate 

Curing 

time/h 

Residual 

iron/% 

Iron removal 

rate/% 

0.5 8.26 84.41 

1.0 7.23 86.59 

1.5 7.30 86.43 

2.0 7.19 86.74 

2.5 7.17 86.50 

 

75%

1.4 250 1 h

86.59% 7.23%

97.51%  
 

3   
 

1) 

 

2) �

 

3) 75% 1.4

250 1 h

7.23% 97.51%

 



24 9                                   2385

 
REFERENCES 
 

[1] CUI Ri-cheng, YANG Hong-ying, CHEN Sen, ZHANG Shuo, 

LI Ke-feng. Valence variation of arsenic in bioleaching process 

of arsenic-bearing gold ore[J]. Transactions of Nonferrous 

Metals Society of China, 2010, 20(4): 1171�1176. 

[2]   , , , . 

� [J]. , 2011, 21(5): 1151�1158. 

YANG Wei, QIN Wen-qing, LIU Rui-qiang, REN Yun-chao. 

Extraction of Au from high arsenic refractory gold concentrate 

by bacterial oxidation-cyanidation[J]. The Chinese Journal of 

Nonferrous Metals, 2011, 21(5): 1151�1158. 

[3] , ,   ,   ,   . 

� [J]. , 2011, 21(3): 

694�699. 

CUI Ri-cheng, YANG Hong-ying, FU Yao, CHEN Sen, ZHANG 

Shuo. Biooxidation-cyanidation leaching of gold concentrates 

with different arsenic types[J]. The Chinese Journal of 

Nonferrous Metals, 2011, 21(3): 694�699. 

[4]   . 

[D]. : , 2011: 1�16. 

GUO Huan. Oxidative pressure leaching of gold from refractory 

sulfide gold concentrate with thiocyanate solution[D]. Changsha: 

Central South University, 2011: 1�16. 

[5]   . [D]. :

, 2007: 1�19. 

LI Qian. Fundamental research on biooxidation of gold ores 

containing arsenic[D]. Changsha: Central South University, 2007: 

1�19. 

[6] . 

[D]. : , 2012. 

CUI Li-na. Study on novel technology for pretreatment of sulfur 

and arsenic-bearing gold concentrates by pollution-free double- 

layered pellets roasting[D]. Changsha: Central South University, 

2012. 

[7] , . 

[J]. , 2012, 33(5): 47�49. 

KOU Wen-sheng, CHEN Guo-min. Study and practice on 

enhancing gold leaching rate to two-stage roasting of refractory 

gold ore[J]. Gold, 2012, 33(5): 47�49. 

[8] , , , . 

[J]. , 2010, 32(5): 3�5. 

ZHANG Ya-li, YU Xian-jin, ZHANG Li-peng, LI De-gang. 

Research progress on hydrometallurgical treatment of cyanide 

tailings with high iron content and process development[J]. 

Shandong Metallurgy, 2010, 32(5): 3�5. 

[9] , , , ,   ,   . 

[J]. , 2013, 22(2): 

165�168. 

ZHENG Xiao-hong, CHEN Yu-feng, HUANG Sheng-guang, LI 

Zhao-min, ZHENG Min, CHEN Zhen. Investigation on 

extracting iron from pyrite cinder by sulfuric acid leaching[J]. 

Chemical Industry and Engineering Process, 2013, 22(2): 165� 

168. 

[10] , ,   . 

[J]. , 1997(6): 27�30. 

MEI Xian-gong, YUAN Ming-liang, CHEN Jin. Extraction of 

gold in gossan type gold ores through direct reduction with 

coal[J]. Conservation and Utilization of Mineral Resources, 

1997(6): 27�30. 

[11] , , , , . 

[J]. : 

, 2011, 42(12): 3623�3629. 

ZHANG Ya-li, YU Xian-jin, LI Xiao-bin, ZHANG Li-peng, LI 

De-gang. Thermodynamics analysis of ferric compound during 

roasting-preparing process of cyanide tailings[J]. Journal of 

Central South University: Science and Technology, 2011, 42(12): 

3623�3629. 

[12] , , , , , ,   , 

,   . 

: , CN1614041A[P]. 2005�05�11. 

LI Deng-xin, KOU Wen-sheng, ZHONG Fei-wen, JU Yong-hui, 

MEI Jia-zhong, PENG Guo-min, LU Yan, ZHANG Hou-jie, 

ZHAO Qing. A method to intensify acid-soluble of acidizing 

calcine of sulfur containing gold ore: China, CN1614041A[P]. 

2005�05�11. 

[13]   , , , . 

: , CN102690942A[P]. 2012�9�26. 

LIU Wei, ZHANG Du-chao, LIU Zhao-cheng, OUYANG Biao. 

An intensified acid-soluble method to calcine of sulfur 

containing gold ore by reduction: China, CN102690942A[P]. 

2012�09�26. 

[14] , , , . 

[J]. , 2001,11(1): 144�147. 

ZHENG Ya-jie, CHEN Bai-zhen, GONG Zhu-qing, CHEN 

Wen-mi. Maturation of pyrite cinder and its mechanism[J]. The 

Chinese Journal of Nonferrous Metals, 2001, 11(1): 144�147. 

[15] . 

[D]. : , 2004: 23�26. 



                                                                                         2014 9  2386 

ZHENG Ya-jie. Study on new technology and fundamental 

theory of polyferric sulfate and phosphorous polyferric sulfate 

prepared from pyrite cinders[D]. Changsha: Central South 

University, 2004: 23�26. 

[16] DARRELL K N, CHARLES N A, CAROL J P, DAVID W B. 

Negative pH and extremely acidic mine waters from iron 

mountain, California[J]. Environmental Science and Technology, 

2000, 34: 254�258. 

[17] WANG A, LING Z C, FREEMAN J J, KONG W G. Stability 

field and phase transition pathways of hydrous ferric sulfates in 

the temperature range 50  to 5 : Implication for martian 

ferric sulfates[J]. Icarus, 2012, 218: 622�643. 

[18] NICHOLAS J T, ALEXANDER S, SCOTT M M. Application of 

the Pitzer ion interaction model to isopiestic data for the 

Fe2(SO4)3-H2SO4-H2O system at 298.15 and 323.15 K[J]. 

Geochimica et Cosmochimica Acta, 2007, 71: 2680�2698. 

[19] , , . [M]. 

: , 2010: 118�120. 

NAN Jun-fang, LI Lin-bo, YANG Zhi-xiang. Roasting 

pretreatment and smelting technology of gold concentrate[M]. 

Beijing: Metallurgical Industry Press, 2010: 118�120. 

(   )
 

 


