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Mechanism of gold dissolution selectively in
alkaline thiourea solutions based on complex theory
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Central South University, Changsha 410083, China)

Abstract: Electrochemical behaviors of gold and the co-existing elements, such as silver, copper, nickel and iron
dissolving in alkaline thiourea solution with high stability, and gold leaching selectively in alkaline thiourea solution
were studied by the methods of electrochemistry. The results indicate that at the optimal potential of 0. 42V, the a-
nodic current density of gold in alkaline thiourea solution is 2.4, 4.2, 26.3 and 41. 6 times as big as that of silver,
copper, nickel and iron, respectively. Additionally, the leaching rates of the coexisting metals are less than 0. 1%
when gold ore is leaching in alkaline thiourea system, which indicates that gold leaching in alkaline thiourea solution
shows excellent selectivity. The mechanism of gold dissolution selectively in alkaline thiourea solution was anatomied
based on chemical bond theory and complex theory. The results indicate that Au, Ag, Cu, Niand Fe exist in alka-
line thiourea solution in the form of Au(TU)3 , Ag(TU)%, Cu(TU)i , Ni(TU)i" and Fe(TU)§ , respectively.
0—T bond is formed in Au(TU)3} , which strengthens its stability markedly. In Ni(TU)i* and Fe(TU)Z" , repul-
sion of electron clouds between S atom and N atom amongst complexes decreases their stabilities owning to the par-
ticularity of thiourea molecular. Moreover, the compact sulphides passivation layers of Ag*, Cu™, Ni**, Fe*
with S*", being prone to form in alkaline thiourea solution, prevent their further dissolution to some extend.
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Table 1 Chemical composition of

gold calcine( mass fraction, %)

Au” Ag” Cu Pb Zn As Fe S

33.00 107.60 1.14 0.30 0.92 0.18 32.64 2.38

* —g/t

[
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1 SRR X 2 ht i
Fig. 1 XRD patterns of gold calcine
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Fig.2 Anodic polarization of Au,
Ag, Cu, Niand Fe in alkaline

thiourea solution with high stability
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Table 2 Leaching rates of gold and

coexisting elements in different systems( %)

Leaching Au Ag Cu Pb Zn Fe
system
Alialine 78.82 - ~  0.051 0.095 0.02
thiourea
Sotilte 85.60 21.08 36.29 2.10 54.75 6.19
thiourea
Alkaline 95.16 23.04 20.16 - .82 -
cyanidation
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Fig.3 Leaching rates of gold and
coexisting elements of gold calcine

leached in different systems
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Fig. 4 Structures of thiourea molecular
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Table 3 Arrangement of outer layer electrons

in Au, Ag, Cu, Ni, Fe and their ions

Metal Electron Metal Electron
arrangement ion arrangement
Au 5d'96s! Au* 5d'°
Ag 44'95s! Ag* 441
Cu 3d'104s! Cu? 3d°
Ni 3d84s? Ni** 3d8
Fe 3d°4s? Fe?* 3d°4s!
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Fig.5 Structures of complexes of Au, Ag, Cu, Ni and Fe with thiourea
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Table 4 Standard free formation
enthalpy of sulphide( kJ/ mol)

Au2S Ag2S Cu2S CuS NiS FeS FeS2
29.0 -80.4 -86.2 -49.0 -76.2 -97.6 - 166.8
»
N\
4 ZiR

1) 7ERRME B RIS S S 50,42V
W, 48R H BNk B R U AR IR N
3.83, 1.13, 0.73, 0. 14 1 0.09 mA/cm® . B
RA R SRR RN 78. 82%, AR RER
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