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Comparison of cyanidation rates of gold, silver and copper and
influences of sulfion on them

WANG Yu, CHEN Jing, WEI Qun-yan, XIE Qi-ying

(Department of Chemistry, Yunnan University, Kunming 650091, China)

Abstract: The cyanidation rates of gold, silver and copper were compared with each other under the same reaction
conditions by kinetic rotating disk method, and the influences of sulfion on them were discussed. The results show that
when the three metals react at p(NaCN) of 5.00 g/L, 600 r/min and 30 °C, the obtained apparent rate constants for cyanide
dissolution of three metals accord with the order of Au<<Ag<<Cu. However, when sodium sulfide is added into the
cyanide solutions in advance, the decrease ratios of cyanide dissolution rates of the three metals accord with the order of

Au>Ag>Cu. The reaction thermodynamics and mechanism based on the electrochemical theory were discussed, and

some new explanations for experimental phenomena were proposed.
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Table 1 Change of concentration of gold, silver, and copper

with reaction time in cyanidation dissolution process

Reaction c(Au)/ c(Ag)/ c(Cu)/
time/h (mmol'L™")  (mmolL™")  (mmol'L™)
0.5 0.095 2 0.2549 03189
1.0 0.239 8 0.4170 0.606 3
15 0.327 4 0.579 2 0.858 3
2.0 0.434 0 0.8109 1.087 0
25 0.583 8 0.962 0 1.346 0
3.0 0.659 9 1.1350 1.5710
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Fig.1 Relation of dissolved quantities of gold, silver, and

copper in same cyanide solutions with reaction time
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Table 2 Changes of dissolved quantities of gold, silver and copper with reaction time with Na,S added into cyanide solutions

Concentration of

Dissolved quantity/(mmol-cm?)

Element »
sulfion/10 0.5h 1.0h 1.5h 20h 2.5h 3.0h
5 0.002 79 0.004 87 0.006 27 0.007 64 0.008 76 0.009 90
Au
10 0.002 40 0.004 21 0.005 48 0.006 71 0.007 57 0.008 56
Ag 5 0.006 03 0.010 70 0.013 90 0.014 40 0.016 70 0.020 40
Cu 5 0.012 30 0.021 60 0.028 80 0.039 30 0.046 90 0.057 90
7 7 7
~ '@ =~ '[o ~ '[© |
'g 6 1— R=0.999 68, sulfion 0 E O6F |— R=0.99868. sulfion 0 £ 6 1— R=0.999 34, sulfion 0
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Fig.2 Influence of micro-sulfion on cyanidation dissolution rates of gold, silver and copper

2 (a) Au; (b) Ag; (¢) Cu
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Fig.3 TEM images of gold, silver and copper surface before and after cyanidation process: (a) Au, before cyanidation; (b) Au, after

cyanidation; (c) Ag, after cyanidation; (d) Cu, after cyanidation
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Table 3 EDX data of gold, silver and copper surfaces after

cyanidation process

Sample Element wi% x/%
C 10.14 43.16
N 06.47 23.62
Au plate
(6} 03.55 11.32
Au 79.12 20.53
Ag plate Ag 100.00 100.00
Cu plate Cu 100.00 100.00
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TR SN B T BRI DX, AR A A 27 S s 1 X g
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Table 4 Dissolution rate of gold and silver

Soluted Solution time/min

Element Year
mass/mg NaCN+0O, NaCN+H,0,

Au 10(0.051 mmol) 5-10 30-90 1943

Ag 5(0.046 mmol) 15 180 1951
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Fig.4 Gold surface illustrating various reaction paths

[8]
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Fig.5 Tllustration of adsorption of CN and O, on gold

surface(a) and illustration of transport of electrons among gold

atoms(b)
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Table5 A H © value of Ag and Cu compounds

Composite AgCN CuCN Ag,0 Cu,0 AgS Cu,S

AH®/
( kJ.mol™)

146.0 90.0 -31.1 —168.6 —32.59 —-79.5

1) Data from ‘Lange’s Handbook of Chemistry’"®
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