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Thermodynamic analysis of lead sulfide flash smelting process
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Abstract: Based on the principle of Gibbs free energy minimization, the thermodynamic model of the lead sulfide flash
smelting multi-phase equilibrium system was built. Then, the effects of the smelting temperature (7) and the oxygen
volume per ton ore (Voypro) on the lead distribution rate and the equilibrium compositions of crude lead, slag and gas
were studied. The results show that, for the lead sulfide with a certain amount and a certain composition, the sulfur
content in the crude lead can be reduced to be less than 0.1% with the rise of 7" and Vgypro, but the lead content in the
slag exceeds 60% and the lead distribution rate in the crude lead is less than 30% when Vgypro is excessive. The lead
volatile in the gas, mainly in the form of PbS, rises with the rise of 7 and the decrease of Voypro. Therefore, taking into
account the recovery rate of lead and the processing difficulty of products, the lead flash direct smelting furnace should
be divided into oxidation and reduction zones, and the low-sulfur lead is produced firstly in the oxidation zone, the
low-lead slag is produced secondly in the later zone, and the oxidation smelting temperature should be low.
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Fig.1 Flowchart of multi-phase equilibrium calculation
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Table 1 Standard formation Gibbs free energy of components

AG® = A+ BT1gT +CT/(J-mol™)

Component  State

A B C
Pb 1 0 0 0
PbO 1 —195 230.48 0 77.75
PbS 1 —139 922.86 0 67.53
FeS 1 —119223.32 0 38.27
FeO 1 —229 813.45 0 44.17
Fe;0,4 1 —1 092 210.52 0 302.45
Si0, 1 —905 840 0 174.73
CaO 1 —639 520 0 107.86
SO, g —362 451.28 0 72.43
S, g 0 0 0
0, g 0 0 0
N, g 0 0 0
H,O g —246 602.52 0 54.84
H, g 0 0 0
Pb g 194 037.25 18.85 —158.6
PbO g 59 787.5 53.05 —240.28
PbS g 73 855.15 0 —56.15
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Table 2  Activity factors of components

Component Phase Activity coefficient
Pb Lead 1
PbS Lead 8.5
exp{(1458/T)1n[0.54 +
FeS  Matte 1.4x(Fe§){ l(g x(FeS))+ 0[.52x(FeS)] )
PbS Matte exp(—1 894/T)
Pb Matte exp(4 032/T)
FeO Slag exp{(1 543/T)In[1.42x(Fe0)—0.044]}
exp{(l 573/T)In(0.69 +
Fe0,  Slag 56.8:(;(%04) + 5).4](\/(Si02) }
PbO  Slag Lol20-x(Pb0))?]
FeS Slag exp(7 224/T)
SiO, Slag 2
CaO Slag 1.5

2 fREGIE

B THEL T AR B PR MRS TP
Mren sy, HAREAME: R0 = 1 B8R 122m’,
EARIRE 95%, KA 1483 Ko KW Wi 3
B, SPATv-ESE ik 4 prsi).

F3 TAER O
Table 3 Composition of lead sulfide ore (mass fraction, %)
Pb Fe S Si0, CaO H,0
78.08 2.80 15.80 2.05 1.12 0.15

T4 BRI A 5 AR5 Hdh
Table 4 Simulation results and semi-industrial test data

(mass fraction, %)

Sample Pb Fe S CaO Si0,

Industrial lead ~ 98.80 - 0.20 - -
Simulation lead ~ 99.74 - 0.26 - -
Industrial slag ~ 30.00 18 0.10 14.0 18.0
Simulation slag ~ 36.00 13 0.10 13.5 17.5

Activity factors of components in gas are all equal to 1, and x is
mole fraction of component.
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Fig.2 Effect of T and Voypro on sulfur content in crude lead
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Fig.3 Effect of T'and Voypro on lead content in slag
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Fig.4 Effect of T and Voypro on lead content in gas
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