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Abstract: The E-pH diagram of FeS,-FeAsS-KMnO4-H,O system in 298.15 K was drawn through
thermodynamic calculations. The ideal pretreatment condition for pH and electric potential were found for
KMnO, oxidation FeS, and FeAsS from the E-pH diagram. The result showed that the pyrite and
arsenopyrite wrapped gold is opened through potassium permanganate pretreatment. This result may
provide some theoretical criterion for oxidation pretreatment of refractory gold.
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Tab.1 Values of AIG“ FeS,-H,0, FeAsS-H,0 and KMnO4
H,O0 system at 298.15 K

Lyt AG®/(kJ/mol) WY A/G®/(kJ/mol)
H, 0 Fe,0; - 743.7
o 0 As 0
OH~ ~157.2 H;AsO, - 766.0
0, 0 H,AsO, - 17532
H,0 -237.1 HAsO> - 714.7
S 0 AsO, - 648.4

HSO,~ - 755.9 MnO,* - 500.8

SO, - 744.5 H;AsO, - 639.8
H,S -26.9 H,AsO; -587.1
HS~ 12.1 HAsO,™ - 5172
S* 85.8 AsH; 168.9

KMnO, -737.6 FeS, - 166.9
Fe 0 FeS - 100.4

Fe** -78.9 FeAsS -103.6

Fe** -4.7 FeAsO, - 768.6
Fe(OH), -479.3 MnO,~ - 4473
Fe(OH), - 696.5 MnO, - 465.1

Fe,05 - 743.7 Mn* - 2280

R 2 TERRPEIEW P LA RN HI AR AE AR B $5(298.15 K)

Tab.2 Several standard electrode reaction potentials in
acidic solution (298.15 K)
HLXT LA SR

ISNAY

MnO,/Mn?* MnO,+4H"+2¢ = Mn>*+2H,0 1.23
MnO,/Mn>" MnO,+8H +5¢ "= Mn?*+4H,0 1.51
MnO,/MnO, MnO,+4H +3¢" = MnO,+2H,0 1.70

R 3 TERPER W AP LA RN EIARAE B AR FL 55 (298.15 K)

Tab.3 Several standard electrode reaction potentials in

alkaline solution (298.15 K)

HA X FEL AR EV
MnO,/ MnO,* MnO, +e = MnO,* 0.56
MI]O;{/MHOZ MHO4-+2H20+3C- = Mn02+4OH' 0.60

MnO,Z/MnO,  MnO/Z+2H,0+2¢ = MnO,+40H™  0.62
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Tab.4 Equilibrium reactions of FeS,-H,0 system and E-pH equations at 298.15 K

M5 R E-pH it5i R

a 0,+ 4H" + 4¢=2H,0 E=1.228 - 0.0592pH

b 2H" +2¢=H, E=-0.0592pH

1 HSO,+7H™+ 6¢'= S + 4H,0 E=0.332 - 0.069pH+0.009831g[HSO,]

2 SO + 8H™ 6¢=S + 4H,0 E=0.352 - 0.078pH+0.009831g[SO,*]

3 SO+ H'=HSO, pH=2.00 - Ig[HSO,1/[SO*]

4 SO+ 9H™+ 8e=HS+ 4H,0 E=0.248 - 0.067pH - 0.007381g[HS/[SO4*]
5 SO,>+ 8H'+ 8¢'=S*+ 4H,0 E=0.153 - 0.0592pH - 0.00738Ig[S*]/[SO4*]
6 S+2H"+2e=H,S E=0.139 - 0.0592pH - 0.02951gPy; s/P’

7 S+ H'+ 2e=HS" E=-0.063 - 0.0295pH - 0.0295Ig[HS]

8 HS+ H'=H,S pH=6.93 - 1gP;;s/[HS]

9 S*+ H'=HS pH=12.92 - 1g[HS)/[S*]

10 Fe*'+2¢’=Fe E= - 0.409+0.02951g[Fe**]

11 Fe*'+ e=Fe** E=0.769 - 0.05921g[Fe*'}/[ Fe**]

12 Fe(OH);+3H"=Fe*"+3H,0 pH=1.14 - 0.331g[Fe’"]

13 Fe(OH);+3H +e=Fe**+3H,0 E=0.971 - 0.177pH - 0.05921g[Fe**]

14 Fe(OH),+2H"=Fe*"+2H,0 pH=6.47 - 0.51g[Fe*’]

15 Fe(OH);+H"+e'= Fe(OH),+H,0 E=0.208 - 0.059pH

16 Fe(OH),+2H +2¢'=Fe + 2H,0 E=-0.026 - 0.059pH

17 Fe*'+2S+2e=FeS, E=0.456+0.02951g[Fe**]

18 Fe*'+2HSO,+14H +14¢'=FeS,+8H,0 E=0.35 - 0.0592pH+0.00421Ig[Fe*"]- [HSO,]
19 Fe**+280,7+16H"+14e=FeS,+8H,0 E=0.367 - 0.0675pH+0.00421g[Fe**]-[SO,*]
20 Fe(OH);+2S0,>+19H"+15¢=FeS,+11H,0 E=0.407 - 0.0749pH+0.007881g[Fe**]-[SO,*]
21 Fe(OH),+2S0,>+18H"+14e=FeS,+10H,0 E=0.421 - 0.076pH+0.008441g[Fe**]-[SO,*]
22 FeS,+4H +2e=Fe**+2H,S E=-10.177 - 0.118pH - 0.02951g[Fe*"] Py 5
23 FeS,+2H +2¢'=FeS+H,S E=-0.205 - 0.0592pH - 0.02951gPy; s
24 FeS,+H"+2e=FeS+HS" E=-0.407 - 0.295pH - 0.02951g[HS ]
25 FeS,+2¢'= FeS+S* E=-0.789 - 0.0295Ig[S*]
26 FeS+2H'=Fe*+H,S pH=0.48 - 0.51g[Fe’"]-Py 5
27 FeS+2H +2¢'=Fe+H,S E= - 0.38-0.0592pH-0.02951gPy; s
28 FeS+H'+2¢ =Fe+HS E=-0.583 - 0.0295pH - 0.0295Ig[HS]
29 FeS+2e¢=Fe+S* E=-0.965 - 0.02951g[S™]
30 Fe,05+4S0,7+38H"+30e'=2FeS,+19H,0 E=0.3858 - 0.0592pH+0.00197 1g[SO,*]*
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Tab.5 Equilibrium reactions of FeAsS-H,O system and E-pH equations at 298.15 K

i JSAE:N E-pH iH R
a 0,+4H " +4¢=2H,0 E=1.228 - 0.0592pH
b 2H"+2e=H, E=-0.0592pH

1-16 5 FeS,-H,0 £ 5 FeS,-H,0 R —F
31 H;AsO;+3H +3e=As+3H,0 E=0.247 - 0.0592pH+0.01971g[H;As0,]
32 H;AsO,+2H +2¢'=H;AsO;+H,0 E=0.575 - 0.0592pH - 0.02951g[H;As05]/[H3AsO,]
33 H,AsO,+H '=H;AsO, pH=2.24+1g[H,As0, |/[H3AsO,]
34 H,AsO,+3H +2¢'=H;AsO;+H,0 E=0.641 - 0.0887pH - 0.02951g[H;As0;]/[H,AsO,]
35 HAsO,”+H'=H,AsO, pH=6.75+1g[H;As0,%]/[H,As0,]
36 HAsO, +4H +2¢'=H;AsO;+H,0 E=0.84 - 0.1182pH - 0.02951g[H;As05]/[H,AsO, ]
37 H,AsO;+H'=H;As0, pH=9.24-+1g[H,As0; |/[H3AsO5]
38 H,AsO; +4H +3¢=As+3H,0 E=0.429 - 0.0788pH+0.01971g[H,AsO5]
39 HAsO,*+3H +2¢'=H,AsO; +H,0 E=0.826 - 0.0877pH - 0.02951g[H,AsO; ]/[HAsO,*]
40 AsO, +H'=HAsO,* pH=11.63+1g[ AsO>]/[HAsO,*]

41 AsO, +4H"+2e=H,AsO;+H,0 E=0.911 - 0.1182pH - 0.02951g[H,As05/[AsO,"]
42 HAsO;>+H=H,As05" pH=12.15+g[HAsO;*]/[H,AsO5]

43 HAsOy*+5H +3¢=As+3H,0 E=0.67 - 0.0985pH~+0.01971g[HAsO;*]

44 AsO,+3H+2e=HAsO;*+H,0 E=0.549 - 0.08865pH - 0.02951g[HAsO;*]/[AsO4*]
45 As+3H +3¢=AsH; E=-0.54 - 0.0592pH-0.01971gP s,

46 FeAsO,+3H"=F¢’ +H;AsO, pH=0.12 - 0.03331g[Fe’"]-[H3As0,]

47 FeAsO,+3H " +e=Fe* +H;AsO, E=0.819 - 0.177pH - 0.0591g[Fe*']-[H3AsO,]

48 FeAsO,+5H " +3e=Fe*"+H;As0; E=-0.172 - 0.0985pH - 0.0197Ig[Fe**]-[H3AsO;]
49 FeAsQ4+2H +2e+2H,0=Fe(OH);+H;As0; E=0.484 - 0.0592pH - 0.02951g[H;As0;]
50 Fe(OH);+H,AsO,+H "=FeAsQ4+3H,0 pH=5.3+lg[H,As0y]
51 Fe**+As+S+2e-=FeAsS E=0.16+0.02951g[Fe*"]

52 Fe*'+H;AsO:+S+3H " +5¢ =FeAsS+3H,0 E=0.212 - 0.035pH+0.0118lg[Fe*"]- [H3As05]

53 Fe**+H;As05+S0,+11H"+11e=FeAsS+7H,0 E=0.289 - 0.0592pH+0.00537Ig[Fe**]-[H3As05]-[SO4*]
54 Fe(OH)3+H3AsO5+SO, +14H"+12e=FeAsS+10H,0 E=0.345 - 0.0689pH+0.00491g[H;As05]-[SO,*]
55 Fe(OH),+H;As0;+S0,2+13H +11e=FeAsS+9H,0 E=0.358 - 0.0698pH+0.00531g[H;As05]-[SO,*]
56 Fe(OH),+H,AsO;+S0,2+14H +11e=FeAsS+9H,0 E=0.408 - 0.075pH+0.00531g[H;As0;]-[SO,*]
57 FeAsS+2H =Fe’"+As+H,S pH= - 0.333 - 0.51g[Fe*"] Py 5

58 FeAsS+2H +2¢=Fe+As+H,S E=-0.428 - 0.0592pH - 0.02951gPy; s

59 FeAsS+H'"+2e=Fet+As+HS" E=-0.631 - 0.0295pH - 0.0295Ig[HS]

60 FeAsS+2e=Fet+As+S* E=-1.012 - 0.02951g[S™]
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Tab.6 Equilibrium reactions of KMnO,-H,O system and E-pH equations at 298.15 K

s R E-pH it5i =
0,+4H +4e=2H,0 E=1.228 - 0.0592pH
b 2H"+2e=H, E=-0.0592pH
61 MnO,+8H"+5¢=Mn*"+4H,0(#E ) E=1.51 - 0.09465pH - 0.011831g[Mn*"]/[MnO,]
62 MnO, +4H " +3¢=MnO,+2H,0(f& ) E=1.70 - 0.0789pH+0.01971g[MnO,]
63 MnO,+4H"+2e=Mn*"+2H,0(#& ) E=1.23 - 0.1183pH - 0.02961g[Mn*"]
64 MnO, +e=MnO,>(Hi ) E=0.56 - 0.05921g[MnO,*]/[MnO,]
65 MnO,*+2H,0+e =MnO,+4OH (i 1}) E=2.28 - 0.1184pH+0.05921g[MnO4*]
66 MnO,+2H,0+3e=MnO,+4OH (B 1) E=1.69 - 0.0789pH+0.01971g[MnO,]
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Fig.1 E-pH diagram of FeS,-FeAsS-KMnO4-H,O system at 298.15 K
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