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Thermodynamic Analysis and Application of Complex
Gold Concentrate-NaOH-0O, System

WANG Rui-xiang', ZHOU Jie!, LIU Cha-xiang', YANG Yu-dong', LI Ming-zhou',
YUAN Yuan-liang', WANG Yan-yang', XU Zhi-feng®

(1. Faculty of Materials Metallurgy and Chemistry, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China;
2. Jiangxi College of Applied Technology, Ganzhou 341000, Jiangxi, China)

Abstract: Based on thermodynamic theory, effects of alkali-ore ratio, oxygen concentration, residual
oxygen rate, and roasting temperature on extraction of gold, silver, and copper from a complex gold
concentrate containing multiple metals were simulated and calculated. Content relationship between
substances through thermodynamic equilibrium relationship of independent reactions was
determined. Reaction mechanism of sodium hydroxide roasting in complex gold ore was determined. The
results show that the optimum roasting conditions include alkali-to-ore ratio of 10%, oxygen concentration
of 25%, residual oxygen rate of 5%, and calcination temperature of 630 C. Thermodynamic conditions
are verified by orthogonal experiment. Complex gold concentrate is roasted for 3 h under the optimum
conditions followed by sulfuric acid leaching-cyanide process. Under these conditions, extraction rates of
gold, silver and copper are 95.92% ., 84.24% and 92.57%, respectively.

Key words: complex gold concentrate; sodium hydroxide; roasting; thermodynamics
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Equations and Gibbs free energy changes of various chemical reactions in system''*!
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AG°[(k] + mol™1)

5 R FERB K, 600 K 873 K 903 K 1000 K
D1 0. 50, + CuFeS, = CuO+ FeS, K, —114.373  —38.062  —28.845 2.181
D2 0.50, +PbS+2Ag=PbO+ Ag, S K. —229.199  —203.543  —200.921  —192.536
D3 0.50, +7ZnS+2Ag=ZnO-+ Ag: S K, —292.859  —270.321  —267.999  —260.524
D4 1. 50, + 2FeS, + 8Ag—=Fe, O+ 4Ag: S K, —565.041  —563.676  —563.989  —565.320
D5 O+ AgsS=S0, + 2Ag K 252,169 —242.029  —240.840  —236. 985
D-6 1. 50, +Ag;S=S0; +2Ag K —294. 546 —258. 819 —254. 839 —241. 990
D7 20, +3FeS, +12Ag—Fe; O, +6Ag, S K, —768.850  —786.634  —789.427  —798.732
D8 20, -+ CuFeS, + Ags S=CuSO; + FeS, +2Ag Ks —458.546  —335.927  —322.099  —276.936
D9 20, + Ag:S— Agy SO, Ko —471.113  —378.902  —369.249  —339. 684
D-10 20, +ZnS=ZnSO, Ko —563.565  —469.987  —459.887  —427.494
D11 60, -+ 2FeS, +2Ag=Fes (SO s + Ago'S Ku —1693.813 —1438.201 —1410.597 —1 321. 456
D12 20,+CuFeS, +FeS, +8Ag=CuO » Fes Oy +4Ag:S K, —620.425  —587.852  —584.352  —572.603
D-13 20, +PbS+2FeS, +10Ag=PbO ¢+ Fe; O3 +5Ag,S K —679. 641 —665. 447 —664. 450 —661. 588
D14 20,+7ZnS+2FeS, +10Ag—7Zn0O » Fe, Oy +5Ag:S K, —711.471  —698.836  —697.989  —695. 581
D15 1.50,+NayO+2FeS, +8Ag—NasO » Fes Oy +4Ags S Kis —733.891  —737.326  —738.017  —740.299
D-16 024 Nay O+ Ags S=Nay SO, + 2 Ag Kis —529.540  —471.613  —465.159  —4dd. 271
D17 1. 505+ Nay O+ Ags S=Naz SO, +2Ag K —529.540  —689.757  —681.521  —4dd. 271
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Fig. 1 Variation of content of various phases and major element
composition with alkali-ore ratio during roasting
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with oxygen concentration during roasting
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Fig. 3 Variation of content of various phases and major element composition

with residual oxygen rate during roasting
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Fig. 4 Variation of content of various phases and major element composition

with roasting temperature during roasting
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T2 EXHESER
Table 2 Orthogonal test results
o, BAWE A BRRE® WO/ BRARD/ Cu %/ Ag %/ Au B/
% K % % % % %
1 20 843 6 4 25. 19 21.93 43.24
2 20 873 8 5 44. 40 37.20 67. 83
3 20 903 10 6 35.43 33. 64 79.78
4 25 873 6 6 88. 94 64. 65 91.58
5 25 903 8 4 88.63 42.34 90. 30
6 25 843 10 5 92.73 60. 19 89. 02
7 30 903 6 5 92.70 65. 11 93. 83
8 30 843 8 6 94. 30 62.32 91. 80
9 30 873 10 4 90. 10 75. 89 95. 71
K, 190. 85 224. 06 228. 65 229. 25
Au K, 270. 90 255. 12 249. 93 250. 68 FWIBF : ABCD
K; 281. 34 263. 91 264. 51 263. 16 AL A AsBs Cs Dy
R 30.16 13. 28 11. 95 11. 30
K, 92.76 144. 45 151. 68 140. 16
g K, 167. 19 141. 09 141. 87 162. 51 FWIGF : ABCD
- K 173.31 177. 44 169. 71 160. 62 AL A - A BsC3 D2
R 36. 85 12. 22 9.28 7.45
K, 105. 03 212. 22 206. 83 203. 92
c K, 270. 30 223. 44 227. 34 229. 83 FWIGF : ADCB
K, 277.11 216. 76 218. 25 218. 67 WAL A AsBoCo D
R 57. 36 3.74 6. 84 8. 64
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Table 3 Verification test results under

optimal factor level conditions

S SRR
[ i %
1 68. 2 92.07 84. 34 95.55
2 70.0 93.49 82.58 96. 15
3 67.5 92. 15 85.79 96. 06
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