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Table 1 Chemical composition of bismuth concentrates (mass

fraction, %)

=3 ERERS
Table 3
fraction, %)

Chemical composition of coke powder (mass

C Volatile  Fep CaO SiO, S AlO;
84.14 3.63 0.62 0.46 5.56 0.58 3.99

Bi Fe S Cu Mo
26.216 14.937 19.054 3.598 1.753
Pb Ca Si Mg Al
2.947 5.529 5.54 1.356 1.928

a " — Bi,S;
A — M082
n o — (BiCuPb),S;

w 1 1

10 20 30 40 50 60 70 80
26/(°)

1 GRRSETH XRD 3%
Fig. 1 XRD pattern of bismuth sulfide concentrate
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Table 2 Chemical composition of magnetite (mass

fraction, %)

Fe S Si Ca Bi Cu Mg Al
51.862 7.016 7.725 4.678 0.026 0.037 0.354 1.866

Fer: Total Fe amount.
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Fig. 2 Principle flow sheet for reducing-matting smelting of

bismuth sulfide concentrates
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Fe;0,+#C=3Fe0+CO(g) (1)
Fe;0,+CO(g)=3Fe0+CO,(g) ©)
Bi,S3+3Fe0+3C=2Bi+3FeS+3CO(g) 3)

Bi,S;+3Fe0+3CO(g)=2Bi+3FeS+3CO,(g) @)
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Fig.3 Equilibrium diagrams of Bi,S; reduced with CO gas
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Fig. 4 Effect of soda addition amount on direct recovery rate

of bismuth and bismuth in slag
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Fig. 5 Effect of smelting temperature on direct recovery rate

of bismuth and bismuth in slag
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Fig. 6 Effect of m(FeO)/m(SiO,) on direct recovery rate of

bismuth and bismuth in slag
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Fig. 7 Effect of m(CaO)/m(SiO;) on direct recovery rate of

bismuth and bismuth in slag
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Fig. 8 Effect of smelting time on direct recovery rate of

8

bismuth and bismuth in slag
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Table 4 Input-output balance of main elements in the process
Input mass/g Output mass/g Mass error of
Flement Concentrate Magnetite Coke fine Lime Soda Total Slag Ferrous ~ Crude Dust Total input and
matte  bismuth output/g
Bi 46.16 0.056 - - - 46.216 0.109  3.633 39.679 2.795 46.216 0
Pb 5.894 - - - - 5.894 0.038 0362 4797 0.717 5914 —-0.02
Mo 3.506 - - - - 3.506 0.057 0277 2.803 0352  3.489 0.017
Fe 24.08 112.022 1.006 - - 137.108 23311 97951 3.624 12.223 137.109 —0.001
Cu 7.196 0.08 - - - 7.276 0.038  7.105  0.063 - 7.206 0.07
S 38.108 15.155 0.116 - - 53.379 1.029 52484 0.089 - 53.602 —0.223
Ag 0.06 0.007 - - - 0.067 - 0.011  0.053 - 0.064 0.003
Na - - - - 17.359 17.359 9.003  7.181  0.143 0932 17.259 0.1
Si 10.547 16.682 0.519 - - 27.748 24815 0.736  0.063  2.133  27.747 0.001
Ca 7.758 10.107 0.066  20.857 - 38.788 37.183 0.891  0.035 0.672 38.781 0.007
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Fig. 9 Photo of smelting products(a) and XRD patterns of

smelting slag(b) and ferrous matte(c)
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Production of bismuth by directly reducing-matting smelting from
bismuth sulfide concentrate

TANG Chao-bo', LIU Yong', YE Long-gang"?, CHEN Yong-ming', TANG Mo-tang', YANG Sheng-hai'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Metallurgy Engineering, Hunan University of Technology, Zhuzhou 412007, China)

Abstract: In order to solve the shortcomings of bismuth extraction in current bismuth smelters, such as environment
pollution of sulfur dioxide, low direct recovery ratio of bismuth and large dosage of additive agent consumption, a direct
process of reducing-matting smelting to treat bismuth sulfide concentrate, was proposed. The effects of parameters,
including the dosage of additive agent, slag type, smelting temperature and time, on the direct recovery rate of bismuth
and the content of bismuth in slag were investigated by single-factor experiments. After that, optimum conditions are
obtained as follows: the mass fraction of soda to bismuth concentrate is 20%, m(FeO)/m(Si0,)=1.0, m(CaO)/m(SiO,)=
0.9, smelting temperature is 1300 ‘C, and reaction time is 120 min, and the direct recovery rate of bismuth can reach up to
85.86%, the content of bismuth in slag is 0.11%, and the sulfur capture capacity is 98.32%. At the meantime, the direct
recovery rates of lead, molybdenum and silver are 81.34%, 80.95% and 79.11%, respectively. The proposed process of
new technology has good effect for enrichment of valuable metals.

Key words: bismuth sulfide concentrate; reducing-matting smelting; clean metallurgy; direct smelting
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