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Abstract: The cyanide tailings were treated by reduction roasting and acid leaching. The cyanide tailings were reduced 
under conditions of reduction temperature 850 , the mass ratio of pulverized coal to cyanide tailings 13% and reduction 
time 100 min. Fe2O3 in the cyanide tailings is turned into Fe3O4 or FeO. The reduced cyanide tailings were leached by 
sulfuric acid under conditions of a concentration of sulfuric acid 50%, the sulfuric acid dosage coefficient 1.2, leaching 
temperature 105  and leaching time 3 h. The leaching rate of Fe is 93.66%. The leaching rate of Au is 92.4% under 
conditions of sodium cyanide dosage 4 kg/t, leaching time 28 h, the ratio of liquid to solid 2:1 after acidic residue is 
roasted at 600  for 2 h to remove carbon. The mass of cyanide tailings decreases by 38.8% after reduction roasting, 
sulfuric acid leaching, oxidizing roasting and cyanide leaching. 
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Table 1  Main chemical components of cyanide tailings (mass 

fraction, %) 

O Fe Si Al Ca Na S K As Cu Others

38.4 28.73 18.61 5.08 1.71 1.35 1.34 1.24 0.886 0.209 2.445

 
1 O

Fe Si Al As Cu  

(
) 13.87

( )
83.18%
1  

1 (H)

1(a) (H)
(G) 1(b)  

(G) (H) 1(c)
(H) (G)  

0.55 mm 2  
2 8.3%  

 

 
1  SEM  

Fig. 1  SEM images of cyanide tailings (H Hematite; G

Gangue): (a) Evenly dispersed solids; (b) Single block solid;  

(c) Single cellular solids 
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Table 2  Analysis results of industrial anthracite (mass 

fraction, %) 

Ash Vdaf C 

8.3 11.1 80.6 

 
11.1% 80.6%  

 
1.2   

600 2 h
92.13% 0.048 mm

2  
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Fig. 2  Flow chart of gold recovery from cyanide tailings by cyanide process after reduction roasting and acid leaching 
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Fig. 3  Schematic diagram of layer filling 

 

 
4  Fe2+  

Fig. 4  Effect of reduction temperature on leaching rate of 

Fe2+ and total iron 
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5  XRD  

Fig. 5  XRD patterns of reduction products at different 

reduction temperatures 
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6  CO  

Fig. 6  Equilibrium curves of iron oxide reduced by CO 
 

 
7  1.013 105 Pa  

Fig. 7  Equilibrium curve of carbon gasicication products at 

1.013 105 Pa 
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8  Fe2+  

Fig. 8  Effect of reduction time on leaching rate of Fe2+ and 

total iron 

 

 
9  XRD  

Fig. 9  XRD patterns of reduction products at different 

reduction times 
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Fig. 10  Effect of mass ratio of coal powders to cyanide 

tailings on leaching rate of Fe2+ and total iron 

 

 
11  XRD  

Fig. 11  XRD patterns of reduction products at different mass 

ratios of coal powders to cyanide tailings 
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Table 3  Main chemical components of leaching solution 

(g/L) 

Fe2+ Fe3+ TFe Al Ca Na K H2SO4

43.37 51.15 94.52 2.6 2.1 1.16 1.03 31.36

 

 

12  XRD  

Fig. 12  XRD pattern of reduction product in scale-up 

experiment 
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13  SEM  

Fig. 13  SEM image of reduction product in scale-up 

experiment 
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2:1 NaCN 4 kg/t pH 10.5
500 g

5  
 

4  L9(34)  

Table 4  Conditions and results of orthogonal experiments of 

leaching Au (L9(34)) 

Experiment 

No. 
Time/h 

Dosage of 

sodium cyanide/ 

(kg·t�1) 

Ratio of 

liquid to 

solid 

Leaching

rate of 

Au/% 

1 20 4 3:1 83.43 

2 20 5 2:1 84.91 

3 20 6 2.5:1 83.61 

4 24 4 2:1 86.00 

5 24 5 2.5:1 83.40 

6 24 6 3:1 86.80 

7 28 4 2.5:1 90.60 

8 28 5 3:1 89.52 

9 28 6 2:1 89.26 

K1 251.95 260.03 260.17 

K2 256.20 257.83 257.61 

K3 269.38 259.67 259.75 

1K  83.98 86.68 86.72 

2K  85.40 85.94 85.87 

3K  89.79 86.56 86.58 

R 17.43 2.20 2.56 

777.53

 
5   

Table 5  Results of leaching Au by cyanide process 

Raw 

material 

Volume of 

leaching 

solution/mL 

Concentration 

of Au/ 

(mg·L�1) 

Leaching

rate of 

Au /% 

Residue after 

leaching and 

removing carbon 

279 1.656 92.4 

Cyanide tailings 263 0.2 19 

 
5

92.4% 19%

 

 

3   
 

1) 
13% 700 70 min

850  
2) 1.2 50%
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3) 

pH 10.5 NaCN 4 kg/t 2:1
28 h 92.4%

38.8%  
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