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Research on removal of zinc,lead and alkali metals from carbon-bearing

round drops of Si-Mn alloy dust
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Utilization of Ministry of Education ;b. Hubei Provincial Key Laboratory for New Processes of Ironmaking
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Abstract: Si-Mn alloy dust is the solid waste produced in the process of ferroalloy smelting, which contains a large
amount of manganese and a small amount of zinc,lead and alkali metals. In order to better recycle the valuable metals
in the dust and reduce the harm of zinc,lead and alkali metals to the smooth smelting process, the Si-Mn alloy dust is
pressed into blocks, and the volatilization removal and dynamics law of zinc, lead, potassium and sodium during
carbothermal reduction reaction of the blocks are studied. The results show that high temperature is beneficial to the
volatilization of zinc, lead, potassium and sodium during carbothermal reduction reaction. When the temperature is
1 550 °C ,zinc and lead volatilize quickly,and they are completely volatilized in about 5 minutes, with the volatilization
rates of 99.74% and 99.00% respectively, and the volatilization rates of potassium and sodium are 97.65% and
96. 66% respectively when they are heated for 30 minutes. Avrami-Erafeev model can well describe the volatilization
of zinc,which is controlled by the gasification reaction of carbon. Janders three-dimensional diffusion model can well

describe the volatilization of lead , potassium and sodium,and its volatilization is controlled by gas phase diffusion. The
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volatilization activation energies of zinc, lead, potassium and sodium are 26. 16,95.77,175. 06 and 261. 09 kJ/mol,

respectively.

Key words: Si-Mn alloy dust; volatilization removal ; dynamics; zinc; lead; alkali metal
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Table 1 Main chemical composition of Si-Mn alloy dust %
Sio, MnO  ALO, Ca0 MgO  Fe,O, Zn0O PbO K,0 Na, 0 S C Cl
30.00 26.82  6.01 4.26 1. 66 3.34 2.33 0.57 7.26 1.58 .49  12.69 1.99

A—Si0,; B—CaC0;; C—K,Ca(S0,) (H,0); D—Mn,0;,
E1 BEEEWMLN X HEITHER
Fig. 1 X-ray diffraction pattern of Si-Mn alloy dust
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Zn0(s) +C(s) =Zn(g) +CO(g) AG’ =363 101 =295.1-T J/mol (2)

PbO(s) +C(s) =Pb(1) +CO(g) AG® =101 204 —176.9-T J/mol (3)

Zn0(s) +CO(g) =Zn(g) +CO,(g) AG’ =192 039 —120.55-T J/mol (4)

PbO(s) +CO(g) =Pb(1) +CO,(g) AG® =69 857 —2.345-T J/mol (5)

C(s) +CO,(g) =2CO(g) AG' =171 062 —174.55-T J/mol (6)

(a) Zn; (b) Pb; (c¢) K; (d) Na
WLE/C . 1—1 2505 2—1350; 3—1 4505 4—1 550,
B3 AERETH. 5. . HNERXRSERMENX R

Fig. 3 Relation between the volatilization rates and reduction time of zinc, lead, potassium and sodium

at different temperatures
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Fig.7 The relationship between volatilization rate and time of zinc under different temperatures and models

(a) -In(1-a); (b) 1-(1-a)"?; (¢) 1-20/3-(1-a)?; (d) [1-(1-a)3]?
HAE/°C: 1—1250; 2—1 350; 3—1 450,
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Fig. 8 The relationship between volatilization rate and time of lead under different temperatures and models
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(a) =In(1-a); (b) 1=(1-a)"?; (¢) 1 -2a/3-(1-a)*?; (d) [1-(1-a)"*]?
WRBE/°C . 1—1 250 2—1 350; 3—1 450; 4—1 550,
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Fig. 9 The relationship between volatilization rate and time of potassium under different temperatures and models
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Fig. 10 The relationship between volatilization rate and time of sodium under different temperatures and models
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R2 ARAMNFEFREARNERE THIEREXZEHE
Table 2 Values of volatilization rate constants at different temperatures for different kinetic equations
- ﬂf R (k)
% 1250 C R 1350 C R 1450 C R 1550 C R
(7) 0.513 8 0.988 0. 608 7 0.947 0. 600 3 0.878 0.7553 0.918
- (8) 0.089 9 0.973 0.098 7 0.914 0.098 1 0.875 0.106 1 0. 876
(9) 0.031 7 0.982 0.036 1 0.915 0.036 3 0.89%4 0.038 4 0. 900
(10) 0. 064 8 0.971 0.078 7 0.932 0.078 6 0. 884 0.085 4 0. 858
(7) 0.176 0 0. 966 0.2850 0. 960 0.3830 0.944 — —
- (8) 0.042 0 0. 967 0.057 0 0.941 0. 066 0 0.903 — —
9) 0.013 8 0.956 0.020 8 0.955 0.024 6 0.903 — —
(10) 0.021 3 0. 946 0.038 1 0. 965 0.0510 0. 940 — —
(7) 0.038 1 0.974 0.053 2 0.982 0.100 5 0. 994 0.198 1 0. 954
K (8) 0.011 0 0.970 0.014 6 0.971 0.0233 0.975 0.041 1 0.920
(9) 0.002 3 0.971 0.003 7 0. 995 0.007 8 0.997 0.0130 0.941
(10) 0.002 8 0.971 0.004 8 0. 996 0.012 3 0. 998 0.026 0 0. 964
(7) 0.019 8 0.952 0.033 1 0. 990 0.087 9 0.991 0.163 0 0.973
(8) 0. 006 1 0.947 0.009 7 0.985 0.020 8 0.999 0.036 0 0.952
N (9) 0. 000 8 0.992 0.001 9 0.978 0. 006 7 0.974 0.012 4 0. 969
(10) 0. 000 8 0.99%4 0.002 2 0.967 0.010 4 0.944 0.020 6 0.976

TE:R WA R R,

1—(7); 2—3(8); 3—x(9); 4—(10),
-k 5T 'HIXE

(a) Zn; (b) Pb; (¢) K; (d) Na
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Fig. 11 Relations of —Ink and T
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Table 3 Calculated value of activation energy

1EALEE/ (k] -mol 1)

BIPIE ¥
7Zn Pb K Na
—In(1 -a) = kt 26.16 85.13 127.60 167. 84
1-(1-a) =kt 11.37 49.60 101.06 139. 98
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