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Fig. 1 Schematic diagram of oxygen-enriched side-blown
furnace: 1—Hearth; 2—Siphon chamber; 3—Furnace stack;
4—Uptake; 5S—Furnace top; 6—Feed opening; 7—Steel frame;

8—Wind nozzle
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1) — A5 (Ld): Pb. PbS. Zn. Cu,S. FeS.
As. Sb. Bi. Cd. Au. Ag. Others; 2) & #H&(SI):
PbO. PbSO4. PbS. ZnO. Cu,0. Cu,S. FeO. Fe;04.
FeS. CaO. SiO,. As;Os3. Sb,05. Bi,03. CdO. Au.
Ag. Others; 3) %< (gas): Pb. PbO. PbS. Zn. ZnO.
7ZnS. As;O3. As;S3. Sb,O3. Sb,S;. CdO. CdS. O,-
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CaO. SiOZ\ ASzO3\ Ast3\ Sb203\ szS3\ Bi203\
Bi,S;. CdO. CdS. Au. Ag. Others.
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Table 1 Stoichiometry matrix for 17 independent species in side blowing lead smelting system
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Table 2 Stoichiometry matrix for 30 dependent species in side blowing lead smelting system
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Table 3 Independent reactions and equilibrium constants!'?)
Equilibrium reaction K; Equilibrium reaction K;
2Pb(LayrO2(gasy=2PbOyq1y K ZnOgy=ZnO gy K
270145+ Ox(gasy=2Zn0 sy K, As8,055y=A3:03(gas) K7
2CurSLayt302(gasy=2Cur0 sy 2SO gas) K; Sby03(s)=Sb,03gas) Kig
2FeS(LaytOx(gasi=2FeO sy S Oxgas) Ky CdOg)=CdO gas) Ko
2PbS 1.5+ 30242 =2PbO(s1 28O gas) K; PbSg=PbS&* Ky
AAS(14y+305(gasj=2A38,05(s) Ks PbS 5 +2PbO)=3Pb (.4 +SO»(gas) Ky
4Sb(14yT301(gasy=2Sb2053(sy K; 2Pbygas)tO02(gasi=2PbO gas) Ky
4By t302(gasy=2Bi203(s1y Ky 270555y T (ga5)=2Z00 (g Ky;
2Cd(LayTO2(gasi=2CdO g1y Ky 2708 (4353 0(g25)=2ZN0 (5 +2S O a) Ky
Pb(.4)=Pbgas) Ky 2528342590025y =2A8,03 (025 TS O gas) Kos
Augg=Aug) K 25b83(5a5) T 902(gasi=25b203(gas) T6S O gas) K
Agra=Ags) K, 2CdS 4a5t305(0asy=2CdO (g0 T2 S O Ky
6FeO 51+ 05(gasy=2Fe304s)y K3 S0y T202(gasy =28 O gas) Kyg
2FeS 51)+302(0asy=2FeO s +2S05gas) K4 2CO0(gas T O2(gasy=2COxgas) Koo
2CusSs1+302(gasy=2 CurOs1y+2S O gas) Kis 2PbO 51y 102 (gas) TS O(gasy=2PbS Oy sy K;
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Inputting technological parameters
of materials, temperature, et al.

/

]

Query relevant thermodynamic data
from MetCal’s database

i

each element

Calculating total molar amound of

i

Solving equations of (4)—(6)

by Newton-Simpson method

'

Giving independent components
new values X**

T
v

Calculating new value of activity
coefficient y* of each component

!

Solving equations of (4)—(6)
by Newton-Simpson method

Activity coefficients are constant

Calculating percentage of components and
elements in each product phase

Y

B2 BRHSERE

Fig.2 Calculation flowchart of model
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Multiphase equilibrium calculating system for lead oxygen-enriched side-blown oxidation bath smelting
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Belting ingredient-mixing

6382m’h 462 m’h
—

y
Gas & dust
11678 m’/h

System calculationl

Parameter Value
%o, 90%
VRoc 112 m*%h
Rsio, 2.8%
Reao 4% Cooling water (out)
Reeorsio, 2.00%
RCaO/SiO: 0.69%
Wpp in crude lead  96.60%
Wy, in slag 41.15% ;
YieldofPb  2141%  Leadrich slag
fop 781°C —
lgiag 1018 C Crude lead
fess 1925 C Coo#:ul:r(in)
Ryt 16.25% B0 th

DQ

Gas

8.9t/h 11390 m*/h

f i
@D—‘ Granulating
E 1

Mixed concentrate
55.0 t/h

Lead oxygen-enriched side-blown oxidation bath smelting

=
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Fig. 3 Mathematical model calculation system
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Table 4 Component content of raw material in side-blowing lead smelting
Mass fraction/%
Raw material
Pb Zn Cu FeO CaO SiO, S As Sb Bi Cd Ag’ Au’ O H C Other
Mixedlead 1o 27 634 155 1093 0.88 2.84 1898 022 144 0.01 005 90 639 0.81 0.19 0.41
concentrate
cosnlcl:léﬁltlrl;te 15.15 6.16 0.03 792 1.06 1.76 37.84 0.22 30 10.66 1.34 17.85
Lead mud 28.06 2.64 246 0.54 6.81 5.53 13.41 1.49 40 26.71 1.68 10.64
Leadantimony = 35 91 4 04 56 10.79 2.51 622 17.64 0.02 8.08 100 562 0.67 8.94
concentrate
Silver concentrate 4.36 1290 0.89 19.62 3.37 4.99 1548 0.22 1.61 1140 220 20.34 1.57 13.30
Pyrite concentrate 41.36 40.48 1526 1.34 1.56
Dust 45.00 9.00 0.03 037 0.30 0.10 10.17 0.48 0.30 0.01 8.50 21.82 3.92
Quartz sand 241 4.56 77.55 8.05 0.98 6.45
limestone 0.46 4941 1.32 6.07 0.76 41.98
Mixed concentrate 38.37 6.41 0.86 7.58 2.98 4.32 18.52 0.22 1.19 0.06 1.81 0.06 0.01 10.62 0.73 0.10 6.17
1) g/t
=S5 HHRIRIIFSH
Table 5 Thermodynamic parameters of components
AHC. ASO ) ¢, =a+bx107T+cx10°T > +d x107°7?
Component State (- ngill) JK .2;?01,1) . b - y
Pb Liquid 3.873 70.506 27.159 1.029 0 0
Zn Liquid 5.727 48.549 31.381 0 0 0
Cu Liquid 8.028 34.236 32.845 0 0 0
Fe Liquid 8.006 23.521 40.879 1.674 0 0
S Liquid 0 32.071 32.005 —0.002 —0.038 0
As Liquid 21.568 53.284 28.833 0 0 0
Sb Liquid 17.531 62.712 31.381 0 0 0
Bi Liquid 9.271 71.980 27.197 0 0 0
Cd Liquid 5.607 60.717 29.707 0 0 0
Au Liquid 0 47.489 —268.634 237.139 1418.470 —52.813
Ag Liquid 6.393 43.220 33.473 0 0 0
PbO Liquid —202.249 73.379 65.000 0 0 0
PbS Liquid —93.143 84.129 66.946 0 0 0
ZnO Liquid —309.542 47.920 60.669 0 0 0
ZnS Liquid —203.005 58.661 49.753 4.488 —4.551 —0.005
As,03 Liquid —643.439 128.135 152.720 0 0 0
Sb,04 Liquid —675.490 143.628 156.904 0 0 0
Bi,05 Liquid —578.024 149.814 202.005 0 0 0
CdO Liquid —258.996 54.812 47.264 6.364 —4.908 0
Pb Gas 195.205 175.377 28.063 -11.029 -9.310 4.728
PbO Gas 68.139 240.048 41.612 —3.526 -20.136 1.014
PbS Gas 127.959 251.416 37.350 0.194 —2.096 0.140
Zn Gas 130.403 160.992 20.898 —0.133 —0.067 0.034
ZnO Gas 136.518 242811 37.671 —0.286 —1.954 0.735

HEEE
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ZnS Gas 204.322 236.404 133.530 —85.742 -166.125 21.952
As,0; Gas —322.845 371.925 82.134 6.444 —5.356 0
As,S; Gas 27.042 314.289 96.201 1.071 —8.213 0
Sb,0; Gas —708.564 129.903 180.004 0 0 0
Sb,S; Gas 119.661 409.820 107.636 0.209 —=7.255 0
Cdo Gas 127.003 231.570 43.650 —10.649 —-11.819 5.291
Cds Gas 175.662 244.987 36.257 -3.867 18.611 3.678
0, Gas 0 205.154 34.860 1.312 —14.141 0.163
SO, Gas —296.820 248.226 54.781 3.350 —24.745 —-0.241
S, Gas 128.603 228.169 34.672 3.286 -2.816 -0.312
CO Gas —110.544 197.665 29.932 5.415 -10.814 —1.054
CO, Gas —393.515 213.774 54.437 5.116 —43.579 —0.806
N, Gas 0 191.615 23.529 12.117 1.210 -3.076
H,O Gas —241.832 188.837 31.438 14.106 —24.952 —1.832
&6 HHNEERT
Table 6 Activity coefficient of components
Component Phase Activity coefficient
PbO Slag 10120 Newo )]
PbS Slag exp(—1894/T)
ZnO Slag exp(920/7)
Cu,0 Slag exp[(1753/T)(5.16+0.28In py )]
Cu,S Slag exp(2.46+ 6’22NCuZS)
FeO Slag exp[(1543/T)(1.42 N —0.044)]
Fe;0, Slag exp[(1753/T)1In(0.69 + 56.8 g, o, +5.4In Ngio, )]
FeS Slag exp(7224/T)
CaO Slag 1
SiO, Slag 2
As,0; Slag 3.838exp(1523/T)- pg!**
Sb,0; Slag exp(1055.66/T)
Bi,0; Slag exp(—1055.66/T)
Cdo Slag 1
Au Slag 1
Ag Slag 1
Pb Lead melt 1
PbS Lead melt 8.5
Zn Lead melt 0.12
Cu,S Lead melt 422
FeS Lead melt exp[(1543/7)1In(0.54 +1.4Npglg Ngeg + 0.52 Npeg)]
As Lead melt 5.00X 107
Sb Lead melt 3.00X 107
Bi Lead melt 2.4
cd Lead melt 3.00X 107
Au Lead melt 0.02
Ag Lead melt 0.02
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Table 7 Phase composition of raw materials (mass fraction, %)

fE 11~12 AA1 2019 4 1~3 ARIA =R, #
— UK A R A R A P URE 2 A 45 SRl T P
PR fg, SEERTHEEI T, AR AR 12,
HH 12 Bl 45 AT 50, b R e o A b
ARETMAL,  HoAt To 3 HAE 5 A 7= P 3 e E B A )
Ho Hr, —YCHEH Pby Zn. Cu. S. As. Sb. Bi
A1 Cd FTER AT EARZE 7391 0.14%+1.80%10.99%.
4.23%- 5.13%- 3.92%- 5.80%7F1 1.00%; & £H#H Pb.
Zn. Cu. Fe. CaO. SiO,. S. As. Sb. Bi fll Cd 4
WAt FARZE DN 3.68% 3.67%. 1.06%. 7.09%-
5.74%. 5.35%. 37.58%. 38.40%. 10.99%. 11.28%
F1 4.46%; AR Pby Zn. S. As. Sb fl Cd #Ait
FARZE DN 1.19%. 0.38%. 1.80%- 7.06%- 7.19%

PbS ZnS Cu,S Fe,0; FeS, CaCO;, SiO, Ag Au As,S;
30.81 5.43 1.04 2.10 8.95 0.81 432 0.06 0.01 0.21
Sb,S; Bi,S; Cds H,O PbO FeO ZnO CaO S PbSO,
1.54 0.07 0.17 6.53 1.54 0.32 1.31 2.53 4.60 15.02
Fey(S0,); ZnSO, CuSO, As,05 Sb,0; CuO Bi,0; Cdo Others

0.04 423 0.06 0.12 0.10 0.01 0.00 1.91 6.17

£8 —UCHEAH4.68 S A 1T H 4

Table 8 Calculation results of lead bullion (4.68 t) (mass fraction, %)

Pb  PbS Zn Cu,S FeS As Sb  Bi cd Ag”  Au"  Others
9298 4.19 8.14x107* 0.50 1.09X10° 046 0.75 0.33 1.19X 1072 0.54 0.11 0.14

1) g/t

RO EHVAF(28.86 t) T &AL

Table 9 Calculation results of lead-rich slag (28.86 t) (mass fraction, %)

PbO  PbSO, PbS Zn0 Cu,0 Cu,S FeO Fe;0,4 FeS
42.59 2.36 8.87x10* 14.75 1.66 1.17X107° 13.12 0.41 1.60%X 1077
CaO SiO, As,03 Sb,0; Bi,04 CdoO Ag Au Others
5.00 7.24 0.24 2.05 0.06 0.98 0.02 423%107 9.51
F 10 JHSAHQ2.18 )P S H N HTHH 25 R
Table 10 Calculation results of gas (22.18 t) (mass fraction, %)
0, Pb PbO PbS Zn ZnO ZnS As,0O3 As,S; Sb,0;
0 0 0 9.07x 107 0 0 0 0.03 0.05
Sb,S; Cds Cdo SO, Co CO, N, H,0 Others
228X10°  7.18Xx107"° 0 47.55 4.14 9.72X 107" 0.87 6.01 39.25 2.10
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Table 11  Calculation results of dust (8.94 t) (mass fraction, %)
Pb  PbS PbSO, PbO  Zn  ZnS ZnSO, Zn0O As,0; As,S; Sb,0; Sb,S;
002 396 7204 0.06 0 0.75 249 448x10° 0.37 1.17X 1072 0.84 1.50x10°°
Bi,0; Bi,S; €dO CdS CuO FeO CaO Si0, Ag Au Other
0 003 1.51  9.03 040 3.03 220 3.19 3.56X107°  7.04X107*  6.76X1072
* 12 IHEA RS R HEE
Table 12 Calculation results and industrial data
Value Phase Mass fraction/%
Pb Zn Cu Fe CaO Si0, S As Sb Bi cd
Calculated  Crude 96.60 8.14X107* 040 693x107 - - 066 046 075 033 1.19X107?
Measured ~ Lead 96.47 8.00X107* 0.40 - - - 069 048 078 035 120X107?
Calculated Shag 41.15 11.85 148 1051 500 724 025 018 171 0.05 0.86
Measured 39.69 11.43 146 1131 530  7.65 040 0.13 1.92 0.06 0.90
Calculated 52.72 151 0.32 2.36 220 319 1090 029 071 0.02 8.35
Measured bust 53.35 1.52 - - - - 1071 031 076 - 8.96

F16.81%. EHWEF S, As. Sb Fl Bi Je &AM HAH
FSEMME R ZE IR, A2 AR PR D I X B e f T 3
ARSI R 22 S8 DA_b &5 L3R WA A LR B s It )
WA IS AR (1 22 A SOBIRFAE, B HE TN 20
WA P R TSN, AENESSTZ
AT RER ST E AR LA

25, W EAE F(Rreorsio) TS TEELE (Reaossio,)~
TR (Ryuse) s — RETER (Yep) s B BB IR (Ts100) 55
REEF IR T EAE Y A 1.87+ 0.69+ 16.25%-
21.41%- 1018 C, 5 TolkA = [P35 S A (43 71
N 1.90. 0.69. 15.5%. 20.85%. 1050°C)MiLL, i#%
3N 1.84% 0.41%- 4.84%. 2.69%- 3.05%.
FIT A 32 1) 20 A A 25 T AT 5 2 A Y R A e S LA R A s
PR RS bR A P O, TR S SR iz B AT R 4t
WIS HTIA M T A,

4 Z5ig

1) BT e SO0 W S A I Mo o R S I L AT R
mL R PR BOEA R T8 AR AL
AR Z AT AT 2R, FE SRRl B0 1 24
WP R RS, NZE R A SR g TR
T A,

2) RPN SR G, DAIE A RE Al
AW R R TN, R RLEAT 1 Se i
e, AR AR 5 A S AR ), R

TR S MY B SR N W S A R L R 1) 22 A S S
ik, BATRE TN 2 kA i R AL T Z S50
71

3) GAZSIN HORIL, # s AR R FE Y
KRB AR bR BB S Tl AR 7 (R I 2 S 1R 22
B, RUIFTHE R 2 M P B AR R S A g
AT & MW A R AR ISP P 15 00, TR
JR B 2 REHEAT RGT T HA T
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Phase equilibrium model for lead oxygen-enriched side-blown
oxidation bath 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: Based on the principle of multiphase equilibrium, a multiphase equilibrium model and simulation system for
lead oxygen-enriched side-blown oxidation bath smelting process were established by using chemical equilibrium
constant method. Under typical production conditions, such as raw material composition, oxygen-material ratio, volume
of cooling water and temperature of inlet and outlet water, oxygen-enriched concentration, the composition of equilibrium
products and key technical indicators were simulated and calculated. The results show that the relative errors of the
calculated mass fractions of Pb, Zn, S, Cu, As, Sb, Bi, Cd, Au and Ag in primary lead-rich slag and smoke dust are all less
than 10% compared with the measured values in production, and the errors of the key technical indexes, such as Reaorsio,
Req05si0,, sSmoke and dust rate, primary lead recovery rate and temperature of lead-rich slag in slag are less than 8%.
Therefore, the model and calculation system can better reflect the actual production situation of lead oxygen-enriched
side-blown oxidation bath smelting process, have the potential to accurately predict the smelting process and optimize
process parameters, and can effectively guide the production practice of lead oxygen-enriched side-blown oxidation bath
smelting.

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