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Table 1 Phase composition of raw materials (mass fraction, %)
PbS ZnS  Cu,S Fe,0; FeS, CaCO; SiO, Ag Au  As,S; Sb,S; BiS; CdS  H,O  PbO
30.81 5.43 1.04 210 895 081 432 0.06 001 0.21 1.54  0.07 0.17 653 1.54
FeO ZnO CaO S PbSO,; Fey(SO,); ZnSO4 CuSO; As,O; Sb,0O; CuO  Bi,03 CdO  Others
0.32 131 253 460 15.02 0.04 4.23 0.06 0.12 0.10 0.01 0.00 1.91 6.17
*2 UHEAREE
Table 2 Calculation results and industrial data
Mass fraction/%
Value Phase
Pb Zn Cu Fe CaO  SiO, S As Sb Bi Cd
Calculated Crude 96.60  8.14X10™* 040 6.93X107 - - 066 046 075 033 1.19X107
Measured  lead 96.47  8.00X10™*  0.40 - - - 069 048 078 035 120X107
Calculated 41.15 11.85 1.48 10.51 500 724 025 0.18 171 0.05 0.86
Measured Sl 39.69 11.43 1.46 11.31 530 765 040 0.13 192 0.06 0.90
Calculated 52.72 1.51 0.32 2.36 220  3.19 1090 029 071 0.02 8.35
Measured pust 53.35 1.52 - - - - 10.71 031 0.76 - 8.96
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Table 3 Effect of Roc on yields of product

Roc/ Yield/%

(Nm*t")  Crudelead Lead-richslag  Gas Dust

105 17.94 34.48 34.94 12.64
106 16.57 35.75 3491 12.77
107 15.13 37.10 34.87 12.90
108 13.64 38.51 34.82 13.03
109 12.10 39.98 34.76 13.16
110 10.53 41.49 34.70 13.28
111 8.93 43.04 34.63 13.41
112 7.30 44.61 34.55 13.53
113 5.66 46.21 34.48 13.65
114 4.01 47.83 34.40 13.77
115 2.34 49.45 34.31 13.89
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Fig. 1 Effect of Roc on main elements of product: (a) Crude
lead; (b) Lead-rich slag; (c) Dust

HHE 2 WT51, $21 Roc, AR, HIKSH
kA . ElYig it gsE,  PbS 1 PbO
RH RN BIETE, Zn. S Cu. Fe 2524 mH AL —
YR B B AR, — UL S LA T B
Pb &t i, Ca. Siv Fe 2524 & EAHNS PR JHZR
iRk Fe SRS, HETEBUAHE. M Roc
MO E > 112 Nm/t Jo5, BEE RS PbS FIFERF
Pb it % L, ¥ PbO K& E ST, PbO A
B FFEHE R, A LR AG, SRR AT
BRI, AR RRE, BE Pb MEAS
Pb ZBMEIE R — UKL S S PEAK, BHE & R
AtE, WP S EE S H R NAHE.

AL, $2 8 Roc PIHE — VORLER S R i o
I, DR S SEUE ST R — U ETICR PRI,
I Roc XM SEHAT ALK SR B H e
K, — YA S LA S P AL R 2B A A L, B Roc
FEHILE 112 Nm'it A4 .

22 AREBHIENSIN

FEARIEE 112 Nm'/t. A KKEFIR 4% IR
R 21%. WEHRIERE 1323 K 60 F, B 7 A%
JEFIZ Rsio, TE 0~5%0 Bl N AR AL P24 7= 28 K 20 A%
Ak, AR WA 4 A 2.

4 GREY], BE Reio, 00, — UCH AR F AL,
JHAFEA = 2 B IS, T & B P e T

B2 B R, 32 Reio,, — UCHLHT S A5G TR
THEE R PR, Rsio,=2% A s L PRARAL UG S5, T &
HrsAEA A Po & &4 A KFR /N : Zny Cu
Al Fe 1E—VCHIEY . &AM A Fp & B35 SRR

£ 4 Reo, MWK
Table 4  Effect of Rgjo,on yields of product

Rsio,/ Yield/%
% Crude lead  Lead-rich slag Gas Dust
0 14.26 36.86 35.28 13.60
0.5 13.17 38.08 35.16 13.59
1.0 12.04 39.34 35.05 13.58
1.5 10.88 40.63 34.93 13.57
2.0 9.70 41.94 34.80 13.56
2.5 8.50 43.27 34.68 13.54
3.0 7.30 44.61 34.55 13.53
3.5 6.10 45.96 34.43 13.52
4.0 4.89 4731 34.30 13.50
4.5 3.67 48.67 34.18 13.49
5.0 2.45 50.03 34.05 13.47
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Fig. 2 Effect of Rgjo,on main elements of product: (a) Crude

lead; (b) Lead-rich slag; (c) Dust
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Table 5 Effect of R¢,0on yields of product

Reao/ Yield/%
% Crude lead Lead-rich slag Gas Dust
0 15.62 35.29 35.26 13.83
0.5 14.69 36.32 35.19 13.80
1.0 13.72 37.40 35.12 13.76
1.5 12.72 38.52 35.04 13.73
2.0 11.68 39.68 34.95 13.69
2.5 10.62 40.88 34.86 13.65
3.0 9.53 42.10 34.76 13.61
35 8.43 43.35 34.66 13.57
4.0 7.30 44.61 34.55 13.53
4.5 6.17 45.89 34.45 13.49
5.0 5.02 47.19 34.34 13.45
5.5 3.87 48.50 34.23 13.40
6.0 2.71 49.81 34.12 13.36
6.5 1.54 51.14 34.00 13.32
7.0 0.41 52.44 33.88 13.27
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Fig. 3 Effect of Rc,oo0n main elements of product: (a) Crude

lead; (b) Lead-rich slag; (c) Dust

o Pb SEFE, —UCHE AR, Rk, A3
HUAE v i — LA B ATACR, R PE FeO-Ca0-Sio,

EZAME, 18 CaO 5 SiO, it
I, B Rewo BHITE 4%L 4 .

o Bz AE 0.7 Y

2.4 BAMANFRHENG

FEARIEE 112 Nm'/t. A JERETFIR 3% A KA
A%, IEHRREE 1323 K 264, BLHE TR
AN Ry qun 15 16%~23% 0 Fil A ARG, 777 28 [
W, R MR 6 FE 4.

% 6 ATKl, BEE Rpa 800, BTIIAIRA
Pb FZLL PbSO, Al PbO JEAAEE, AT H KM

F 6 Rpqus MM F I RE M
Table 6 Effect of Rp 4,4 0n yields of product

RB,dust/
% Crude lead

Yield/%

Lead-rich slag Gas Dust

16.0 20.34 30.99 35.15 13.52
16.5 19.34 32.00 35.14 13.52
17.0 18.25 33.10 35.12 13.52
17.5 17.09 34.30 35.08 13.53
18.0 15.85 35.59 35.03 13.53
18.5 14.54 36.95 34.97 13.53
19.0 13.17 38.39 34.90 13.53
19.5 11.76 39.88 34.83 13.53
20.0 10.31 41.42 34.74 13.53
20.5 8.82 43.00 34.65 13.53
21.0 7.30 44.61 34.55 13.53
21.5 5.77 46.25 34.46 13.53
22.0 4.22 4791 34.35 13.52
22.5 2.65 49.59 34.25 13.52
23.0 1.08 51.27 34.14 13.51
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Fig. 4 Effect of Rp 4,5 0n main elements of product: (a) Crude
lead; (b) Lead-rich slag; (c) Dust
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Table 7 Effect of Ty, 0n yields of product

Tiag! Yield/%

K Crude lead Lead-rich slag Gas Dust
1173 8.28 44.95 33.47 13.31
1223 7.71 44.84 34.10 13.35
1273 7.42 44.75 34.41 13.42
1323 7.30 44.61 34.55 13.53
1373 7.26 44.43 34.60 13.70
1423 7.23 44.20 34.58 13.98
1473 7.19 43.86 34.49 14.46
1523 7.11 43.36 34.31 15.22
1573 6.99 42.58 34.01 16.42

Y S S R
I

1200 1250 1300 1350 1400 1450 1500 1550
TSlag/K

B 5 Ty WP LB 2o R
Fig. 5 Effect of T, 0n main elements of product: (a) Crude

lead; (b) Lead-rich slag; (c) Dust
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Multielement and multiphase equilibrium analysis of
lead oxygen-enriched side-blown oxidation smelting

LIU Yan-ting" %, YANG Tian-zu', LI Ming-zhou®

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Changsha Design and Research Institute of Nonferrous Metallurgy, Changsha 410001, China;
3. Faculty of Materials Metallurgy and Chemistry,

Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: With the developed multi-phase equilibrium thermodynamic mathematical model of lead oxygen-enriched
side-blown oxidation bath smelting, the production conditions of a typical lead side-blown oxidation smelting were
calculated, and the feasibility of thermodynamic analysis of the model was verified. Then the effects of the
oxygen-to-feed ratio (Roc), quartz flux rate (Rsio,), lime flux rate (Rcao), back-dust addition rate (Rpgug) and slag
temperature (7gj,,) were investigated on the yield and compositions of the products. The results show that the
improvement of Roc, Rsio,, Rcaos Rp,aust OF Tsiag Will inevitably lead to the increase of lead content in slag, the decrease of
yield of primary lead and the decrease of removal rate of some impurity elements in slag, while the grade of primary
crude lead will decrease when these process parameters are controlled too high. Considering the product yield, primary
lead grade, fluidity of lead-rich slag, utilization ratio of back-dust and volatility of materials, Roc, Rsio,» Rcao» BB dust and
Ts1ag should be controlled at about 112 Nm®/t, 4%, 3%, 21% and 1323 K, respectively.

Key words: oxygen-enriched side-blown; lead bath smelting; multi-phase equilibrium; chemical equilibrium constant

method
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