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Thermodynamic Study on Synergistic Smelting Process of
Complex Antimony Gold Concentrate and Lead Concentrate
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Abstract; Taking antimony gold concentrate and lead concentrate as the research object, thermodynamic
software FactSage was used to calculate the reaction trend of various metal sulfides, the dominant region
map of Me-S-O diagrams, and the distribution rule of phase equilibrium in synergistic smelting process. The
thermodynamic analysis shows that the synergistic smelting process can be located in the thermodynamically stable
region of Pb(1) +Sb(l) by controlling the appropriate partial pressure of oxygen and partial pressure of sulfur. The
interaction between Sb, O; and PbS in synergistic smelting process leads to the formation of metal Pb and Sb is
significant, which is conducive to the recovery of Sb and the capture of Au during smelting. The verification test
shows that under the conditions of melting temperature of 1 200 C, CaO/SiO, =0.40, Fe/SiO, =1.05 and
oxygen enrichment concentration of 90% , the synergistic smelting process of antimony gold concentrate and lead
concentrate can be carried out smoothly, the yield of Pb and Sb in alloy is more than 88% , and the content of Pb
and Sb in slag is less than 1%, and the content of Au in alloy is 78 g/t.
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[} I 2 AGI~T X F
1 2/3PbS+ 0, (g) =2/3PbO+2/3S0, (g) AG?=—258.317+0.050T
2 2/9Sh, S; + 05 (g) =2/9Sh, O3 +2/3S0, (g) AGI=—292.649+0.051T
3 2/11SbyS; + 0, (g) =2/11Sb, O5 +6/11S0, (g) AG’=—293.552+0.101T
4 2/9As,S; + 0, (g) =2/9As, 03 +2/3S0, (g) AG’=—312.197+0.058T
5 2/11As:S; + 02 (g) =2/11As;05 +6/11S0, (g) AG?=—290. 046+0.086T
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Table 2 Oxidation of metal sulfide to metal reaction
=2 Y AG)~T KR ML
AG?=—202.917—0.015T (T<1 100 C)
6 PbS+ 0, (g) =Pb+S0;
(g (&) AG?=—243.064+0. 021T (T>1 100 C)
7 1/3Sb;S; +0; (g) =2/3Sb+ S0, (g) AG?=—240.056+0.009T
8 1/3As,S; +0, (g) =2/3As+ S0, (g) AGY=—276.513+0.016T
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Fig. 3 Oxygen potential-temperature diagram of sulfide oxidation to form metal reaction
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Table 3 Sulfides interact with oxides to form metals

5 N AG'~T K FR ML
9 PbS+2PbO=3Pb+ S0, (g) AGY=148.102—0.172T
10 1/3Sb;S; +2/3Sb, O3 =2Sb+ S0, (g) AGY=157.779—0.125T
11 1/3As2S;+2/3As: 05 =2As+S0; (g) AG’=107.052—0.126T
12 2/3Sb; O3 +PbS=Pb—+4/3Sb+SO; (g) AG?=188.885—0. 142T
13 2/5Sb, O5 +PbS=Pb-+4/5Sb+ S0, (g) AGY=148.796—0. 220T
14 1/3Sb; S; +2PbO=2Pb+2/3Sb+ S0, () AGY=116.996—0. 155T
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Fig. 4 AG’—T diagrams (a) and oxygen potential—T diagrams (b) of sulfide and oxide interact to produce metal
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Table 4 Phase compositions of predominance
diagrams for Pb-Sb-S-O system
DX 35k 4 L7k X 35 4 5 YA
1 PbS(s) +Sb; Sz (1 9 (PbO) 4 (PbSO,) (s)
2 PbS(s) +Sbh(D 10 PbO(D) +Sb, 05 (1)
3 Pb(D+Sb(D 11 PbSO, (8) 4+ Sb, (SO ;3 ()
4 PbS(s) +Sbh, O3 (D 12 PbSO; (s3) +SbO; (s)
5 Pb(1) +Sb, Os (D 13 PbOPbSO, (s) +SbO; (s)
6 PbSO, (s2) 4 Sb2 S; (D 14 PbO(D 4 SbO; ()
7 PbSO; (s3) +Sb, O3 (1) 15 PbSO; (s2) +Sby O3 (s)
8 PbOPbLSO;, (s) +Sb, O3 (D
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Fig. 6 Predominance diagrams for Pb-Sbh-As-S-O system at various temperature
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Table 5 Phase compositions of predominance diagrams for Pb-Sb-As-S-O system
X 3 % LR X 38 % 5 WAH
1 PbS(s) +Sb2S; (1) + Asz S5 (D 15 PbO(D) +Sb; O3 (D 4+ As; O3 (g)
2 PbS(s) +Sbz S (1) + As, () 16 PbSO, (s) +Sby (SO4) 5 (s) + Asy Sz (D
3 PbS(s) +Sh(D +As, (g) 17 PbSO, (s) +Sby (SO;) 3 (s) +As; O3 (g)
4 Ph(D +Sh(D) + As, (g) 18 PbSO; (s2) +SbO; (s) + As; O3 (g)
5 PbS(s) +Sby O3 (1) + Asy (g) 19 PbOPbSO;, (s) +SbO; () + As; O3 (g)
6 PbS(s) +Sb, O3 (1) + As, S; (1) 20 (PbO) 4 (PbSO,) (s) +As; O3 (g)
7 PbS(s) +Sb, O3 (D + As; O3 (2) 21 PbOD) +SbO; (s) + As; O3 (g)
8 Pb(D) +Sb, O3 (1) + As, (g) 22 PbSO; (s2) +Sb; 05 (s) + As, O3 (2)
9 Pb(D +Sb, O3 (D) 4+ As; O3 (g) 23 PbSO, (s) +Sbz (SO;) 5 (s) + Asy S5 (8)
10 PbSO; (s3) + Sb, S5 (D) 4 Asz S5 (1) 24 PbSO; (s2) +Sby 05 (s) + As,; S5 (s)
11 PbSOy (s2) +Sby O3 (D 4 Asy S5 (D 25 (PbO) 4 (PbSO,) (s) +As; O3 (g)
12 PbSO; (s3) +Sb, O3 (D + As; O3 (g) 26 PbOPbSO; () + As; O3 (g)
13 PbOPbSO; () +Sb; O3 (D) + As; O3 (g) 27 PbO(D +SbO; (s) + As; O3 (g)
14 (PbO) 4 (PbSO,) (s) + As; O3 (g)
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Fig. 7 Phase equilibrium quantity-temperature diagrams for the oxidation process of metal sulfides
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Fig. 8 Phase equilibrium quantity-temperature diagrams for the interaction of metal sulfides
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