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Table 1 Multielement analysis of lead-silver slag %
JLE Zn Al Pb As Ag” Ca Cd
o 6.43 0. 86 3. 66 0.19 149. 000 5.23 0.14
JLER Fe S Sh Si Ga” In” Ge"
ik 20. 30 14.03 0.13 6.02 13.900 44.000 8.500

T = FORIZITR AL g/t
T A R0 S b B, s A 4 R DL
K2,
R2 TAEBHRSES D

Table 2 Analysis of ash components in industrial

pulverized coal Yo

Ay Si0, AL O,  TFe

CaO MgO Fifth

i 44.36  26.60 8.82 7.05 0.79 12.38
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Table 3 Phase analysis results of antimony in

lead-silver slag %
=itk =%tk ESmes
o SEH a1
I
HAR S 0.011 0.028  0.084  0.007  0.13
L% 845 21.54  64.62  5.39 100
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Fig.1 Schematic diagram of high-temperature smoke

and dust collection furnace equipment

T 1 T 1

1Ak -k

WA R

B2 #HEERERE

Fig.2 Antimony proportioned slag test process
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Fig.3 Relationship between vapor pressure and

temperature of antimony phase
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Table 4 Effect of reaction temperature on antimony recovery from lead-silver slag

RN B/ C 1100 1150 1200 1250 1300 1350 1 400

SN TP ¢ 116.28 115.79 115. 96 116.25 115.91 116.23 115. 49

Rit/g 53.67 48. 69 47. 60 47.35 46.53 45. 80 43.14

FEiti Sh 8/ % 0.016 0.134 0. 098 0. 063 0. 062 0.061 0. 064

Sb BRI/ % 39. 83 56. 58 68. 86 80. 19 80. 92 81.47 81.79
90 =N 81.79% . 4G TARERE, LG TR 4
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Fig.4 Relationship between antimony recovery

rate and reaction temperature
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Table 5 Test results of the effect of carbon ratio on antimony recovery in lead-silver slag

ek Lt/ % 10. 30 12.30 14.30 16. 30 18.30 20. 30 22.30
I HTHIEL g 110. 06 111.57 113.48 116.28 117. 62 119.26 121. 74
it/ g 46. 65 45. 55 46.23 46.77 49.50 51.97 54.23
R Sh &t/ % 0. 097 0. 092 0. 075 0. 057 0. 062 0. 064 0. 065
Sb () T/ % 68.35 70. 84 76. 65 82.45 79. 94 78.59 77.73
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Fig.5 Relationship between antimony recovery

rate and carbon ratio
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Table 6 Experimental results on influence of thermal insulation time on recovery rate of antimony in lead-silver slag

PRI A R]/ min 30 60 90 120 150 180 210
SN TP ¢ 115. 66 116. 20 116. 18 115. 85 116. 17 115. 70 116. 30
B/ 47.11 46. 90 47.30 46. 65 46.27 46. 00 46. 14
FEiti Sh 8/ % 0. 136 0.115 0. 080 0. 058 0. 105 0. 059 0.059
Sb [FIR /% 57.45 64.23 74.92 81.97 81. 81 81.87 81.90
*7 HEERSKFEIT
Table 7 Design of factors and levels
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C % min
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I ] /min
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Fig. 6 Relationship between antimony recovery rate

and insulation time
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Table 8 Response surface experimental design

and results
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[T 2% [ A AL )58 120 min, 1 1200 16. 30 150 71.57
2 1250 14. 30 90 70.22
4 iR # AL Sb B R AR 3 1250 16. 30 120 82. 13
4.1 Rt 4 1250 16. 30 120 81.88
sEA R RO R e g5 R F Design-Ex- 5 1250 16. 30 120 82.55
pert10. O i HEAT 06 BT T 30 e 1110 i i S N
SRR AP < SRR I 1 250 °C , FLR He 7o e % 0027
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M 4 S, PR 7 T 5 40 B 191 S0 A J £ 1 oo R0
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(A) FEBREC(B) MR (C) % R RE, ARG 12 1250 1630120 82,67
MR (Ry) MR TR B e f . RSk 13 12000 I8s0 0 T
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Table 9 Analysis of variance of regression equation
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Study on phase evolution of antimony during side-blowing
melting-fuming process of lead-silver slag

GOU Yougiang', YIN Qinsheng', YE Yuhua'*, LU Xingwu®’, CHENG Liang’,
LI Yuliang’, ZHU Shishun'
(1. Baiyin Nonferrous Group Co. Ltd. ,Baiyin 730900, China;
2. School of Metallurgy and Environment of Central South University, Changsha 410083, China;
3. Northwest Research Institute of Mining and Metallurgy, Baiyin 730900, China)

Abstract; China has abundant lead-zinc mineral resources, but the zinc hydrometallurgical process
produces a large amount of lead-silver slag, which usually contains various valuable metals such as lead,
silver, zinc, copper, antimony, and may also contain harmful elements such as arsenic and cadmium. At
present, there is a lack of systematic research on the evolution law of the antimony phase in lead-silver
slag during the side-blown melting-fuming process. The paper determines the existence form of antimony
in lead-silver slag through thermodynamic theory calculations and reveals the evolution law of the
antimony phase under different experimental conditions by investigating the effects of factors such as
temperature , atmosphere, and time on the evolution of the antimony phase during the side-blown melting
and fuming process of lead-silver slag. The optimal process for antimony recovery in the side-blown
melting-fuming process of lead-silver slag is determined; the reaction temperature is 1 290 “C, the carbon
ratio is 17. 60% , and the holding time is 125 min. Under these conditions, the antimony recovery rate
can reach 82.54% . The study provides a reference for recovery of antimony from lead silver slag and
resource utilization of lead-silver slag.

Keywords: lead-silver slag; side blowing; melting; fuming; antimony phase; evolution rule; recovery
rate; thermodynamics; vapor pressure L
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