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Fig. 1 Mechanism of comprehensive treatment of tin refining sulfur slag by atmospheric sulfuration-vacuum gasification
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Fig. 2 AG°-T diagram of main core reaction of sulfur
slag treated by atmospheric sulfuration-vacuum gasification
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Table 1 Saturated vapor pressure of substances

Material Vapor pressure simulation formula
Cu g p=—17520T"'-1.21 1gT+13.21
S lg p=—48307'-5 1gT+26
Sn lg p=—15007"'+8.23
Sn$, lg p==9917T"'+11.59
SnS lg p=—106017'+12.27
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Table 2 Chemical composition of sulfur slag

Material Mass fraction/%
No. Sn  Cu S Pb Fe Sb Bi As
1 68.14 19.34 10.43 1.56 0.30 0.18 0.12 0.30
2" 65.81 20.29 11.40 1.53 0.27 0.10 0.12 0.35
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Fig. 6 XRD pattern of sulfur slag from tin refined
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Table 3 Element content of volatile and residue after direct vacuum gasification

Mass fraction/%

Material Mass/g

Sn Cu Pb Sb Fe As
Volatile 23.89 74.76 0.16 20.03 3.32 0.026 0.0086 0.43
Residue 25.08 60.28 37.55 0.0023 - 0.23 0.30 0.19
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Fig. 9 XRD patterns of sulfur slag and volatile and residues after direct vacuum gasification
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Table 4 Element content of volatiles and residues treated by vacuum gasification after added sulfur

Mass fraction/%

Material Mass/g

Sn Cu Pb Sb Fe As
Volatile 40.83 75.74 0.026 20.64 2.05 - 0.0027 1.21
Residue 11.11 42.65 55.10 0.01 0.0033 0.35 0.50 0.49
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Fig. 11 XRD patterns of sulfur slag and volatiles and residues treated by vacuum gasification after added sulfur
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Table S Content of sulfides after atmospheric sulfuration

under different mass of sulfur

Mass of .
Mass fraction/%
sulfur ~ Element
slag/g 10g 15g 18g 20g 22¢g
67.34 Sn 62.56 59.13 56.22 54.08 53.41
19.51 Cu 20.11 19.47 19.15 18.59 18.24
10.87 S 12.29 1588 16.80 1791 18.52
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Table 6 Mass of sulfides after atmospheric sulfuration
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10 55.14
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Table 7 Element contents of volatiles and residues under different vacuum gasification temperatures when gasification time

is 4 h and sulfur addition is 20 g

Material

Mass fraction/%

T/K Mass of sulfide/g

Mass/g

Sn Cu S

HFW 35.46 74.13 0.14 21.94
1073 50.13

CLW 12.20 30.40 68.00 0.018

HFW 37.08 74.28 0.17 21.55
1173 52.18

CLW 12.92 24.09 69.82 1.64

HFW 40.21 74.95 0.46 21.71
1273 55.88

CLW 13.56 0.26 76.41 20.26

HFW 38.58 74.51 0.94 21.66
1373 53.51

CLW 11.84 26.30 71.00 0.044

HFW: Volatile; CLW: Residue.
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Fig. 15 XRD patterns of volatiles and residues at different temperatures: (a) 1073 K; (b) 1173 K; (¢) 1273 K; (d) 1373 K
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Fig. 16 Direct yields of Sn(a) and Cu(b) at different temperatures
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Fig. 17 XRD patterns of sulfur slag and sulfides, residues and volatiles after atmospheric sulfuration-vacuum gasification
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at vaporization temperature of 1273 K
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Green and efficient separation of tin and
copper from sulfur slag of tin refining by
atmospheric sulfuration-vacuum gasification
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Abstract: Sulfur slag is a kind of high value-added hazardous waste produced in the process of adding sulfur to
remove copper in tin refining. Its main components are tin (60%—70%), copper (15%—-25%) and sulfur (10%—
15%), which has high economic value. In order to separate tin and copper from sulfur slag efficiently, the sulfur
slag was sulfurized under atmospheric sulfuration and vacuum gasification in a high temperature vacuum
distillation furnace. The volatile is stannous sulfide, in which the contents of tin and copper are 74.95% and
0.46%, respectively. The residue is cuprous sulfide, in which the contents of tin and copper are 0.26% and 76.41%,
respectively. The direct yields of tin and copper are 99.96% and 99.08%, respectively. The separation rate of tin
and copper is 99.90%. The atmospheric sulfuration-vacuum gasification method provides a new method for the
clean and efficient treatment of tin refining sulfur slag, and provides a new idea for the separation of tin copper
alloy.
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