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Abstract

Development of extractive metallurgical processes for metal sulfides has become of importance owing to the depletion of
oxide ores with rich metal contents. Most of the leaching reactions of metal sulfides is electrochemical reaction and can be clas-
sified as H,S, S, and SO,>~ evolution type. The acidity of leaching solution and the presence and concentration of an oxidizing
agent affect the formation of reaction intermediates containing sulfur. Frost diagram of sulfuroxoanion indicates that the oxoan-
ions with higher oxidation number are more thermodynamically stable in the presence of oxidizing agents.
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Table 2. Standard potentials for reduction of covellite in acid
solutions at 25°C

Standard
Reaction potential
V)
1.38CuS +0.76H" +0.76 € = Cuy 35S +0.38H,S | -0.010

1.67CuS + 1.34H" + 1.34 e = Cu; ;S + 0.67H,8 | 0.024
1.83CuS + 1.66H" + 1.66 ¢ = Cu; ¢S +0.83H,S | 0.030
1.93CuS + 1.86H" +1.86 € = Cu; 58 +0.93H,8 | 0.031
1.96CuS + 1.92H" +1.92 ¢ = Cu; oS +0.96H,S | 0.031
1.75CuS + 1.5 H + 1.5 e = Cu 558 +0.75H,S | 0.035

Table 3. Reduction potentials for covellite in solutions
containing cupric ion (1 g/1) at 25°C [16]

Reaction Formal potential (V)
CuS +0.38Cu*" +0.76 ¢ = Cu, 35S 0.414
CuS+0.67Cu*" + 134 ¢ = Cu ¢S 0.447
CuS +0.83Cu*" +1.66 ¢ = Cu, ¢S 0.453
CuS +0.93Cu*" +1.86 ¢ = Cu,o3S 0.454
CuS +0.96Cu*>" +1.92 ¢ = Cuy oS 0.455
CuS +0.75Cu®>* + 1.5 e = Cuy 35S 0.459

FeS,+2H"+0.50, = Fe*" +2S + H,0 (16)
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Table 4. Oxidation and reduction reactions of sulfuroxo-
anion in aqueous solution when the concentration of

Table 6. Thermodynamic data of the aqueous species
containing sulfur

oxygen is negligible Formula | AG°(KJ/mol) | AH'(kV/mol) | S°(kJ/mol)
Oxidation state Reaction sz 8631 33.05 _163
2 S,05 +6H" +4 ¢ = 25 +3H,0 S, 79.5 30.1 284
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Oxidation state

Fig. 1. Frost diagram of sulfuroxoanion in acidic solution
inthe absence of dissolved oxygen at 25°C.

AG®, = 2AG°(S) + 3AG°(H,0) — AG’(S,0:%)  (21)

[AG®(S,0527) — 3AG(H0))F = — AG%F  (22)
WA GO A} B e A0 A

3 2450l Frost=% Fig. 19| YeRAT) AkshA]



GO%F (V)

SO42_ [

0 1 2 3 4 5
Oxidation state

o+

Fig. 2. Frost diagram of sulfuroxoanion in acid solution in
presence of enough oxygen at 25°C.
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