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Table 1 Thermodynamic parameters of components
) . ¢,=athbX 10°T+e X 10°T *+d X 10 °T°
Component State AHS, /(kJ-mol™") ASS /(K mol ™) u
a b c d
Cu,S Liquid —68.098 132.458 89.663 0.000 0.000 0.000
Cu,0 Liquid —-130.221 96.399 99.914 0.000 0.000 0.000
FeS Liquid —64.630 91.206 62.551 0.000 0.000 0.000
FeO Liquid —256.323 52.148 52.148 0.000 0.000 0.000
Fe;04 Liquid —993.310 198.380 213.384 0.000 0.000 0.000
SiO, Liquid —927.526 9.309 85.772 0.000 0.000 0.000
CaO Liquid —572.895 40.979 62.760 0.000 0.000 0.000
MgO Liquid —561.018 12.833 66.946 0.000 0.000 0.000
PbO Liquid —202.244 73.377 73.377 0.000 0.000 0.000
ZnO Liquid —309.542 47.920 60.669 0.000 0.000 0.000
Cu Liquid 8.028 34.236 32.845 0.000 0.000 0.000
Fe Liquid 8.006 23.520 40.878 1.674 0.000 0.000
Pb Liquid 3.873 70.506 32.490 —3.088 0.000 0.000
Zn Liquid 5.727 48.549 31.381 0.000 0.000 0.000
As Liquid 21.568 53.283 28.832 0.000 0.000 0.000
Sb Liquid 17.530 62.710 31.380 0.000 0.000 0.000
Bi Liquid 9.271 71.978 19.016 10.372 20.740 =3.979
Ni Liquid 3.361 20.305 43.095 0.000 0.000 0.000
NiO Liquid —178.628 65.395 54.392 0.000 0.000 0.000
As,0O5 Liquid —643.424 128.132 152.716 0.000 0.000 0.000
Sb,04 Liquid —675.474 143.624 156.900 0.000 0.000 0.000
Bi,04 Liquid —590.809 94.464 202.000 0.000 0.000 0.000
SO, Gas —296.813 248.220 29.134 37.222 0.058 —2.885
S, Gas 0.000 0.000 34.671 3.286 —2.816 —0.312
0, Gas 0.000 0.000 22.060 20.887 1.621 —8.207
N, Gas 0.000 0.000 23.529 12.116 1.210 -3.076
PbS Gas 127.959 251.416 37.350 0.194 —2.096 0.140
PbO Gas 70.300 240.042 33.413 6.852 —2.395 —2.940
ZnS Gas 204.322 236.404 13.880 51.099 5.183 2.761
Zn Gas 130.403 160.992 20.898 —0.133 —0.067 0.034
AsO Gas 43.806 230.402 24.382 40.531 —1.491 —27.667
AsS Gas 181.400 242.065 32.816 22.727 —2.954 -15.779
As, Gas 190.707 240.882 37.200 0.150 —2.000 0.000
SbO Gas —103.500 238.346 26.257 22.158 —0.268 —8.432
SbS Gas 190.789 249.695 31.845 11.718 —0.382 —-3.152
Sb Gas 267.175 180.269 21.278 -1.107 —0.200 0.633
BiO Gas 125.687 246.407 36.507 0.526 —3.663 0.001
BiS Gas 176.552 257.878 37.696 —0.561 —2.050 0.625
Bi Gas 208.742 187.011 21.189 —0.732 —0.203 0.320
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Table 2 Activity coefficient of components

Component Phase Activity coefficient Reference
FeO Slag 1.42xg,0 —0.044 [13]
SiO, Slag 2.1 [13]

Fe;0,4 Slag 0.69+568xFCSO4 +5'45x8i02 [13]
Cu,O Slag 57.14x¢y,0 [13]
Cu,S Slag exp(2.46+6.22x¢, 5) [13]
FeS Slag 70 [13]
PbO Slag exp(-3926/T) (8]
ZnO Slag exp(920/T) [8]
As,0; Slag 3.838exp(1523/7)- pg!™* [8]
Sb,05 Slag exp(1055.66/T) (8]
Bi,05 Slag exp(—1055.66/T) [8]
NiO Slag exp(3050/7 —1.30) [8]
CaO Slag 1 [27]
MgO Slag 1 [27]
Cu Blister copper 1 [1]
Cu,S Blister copper 26 [1]
Cu,0 Blister copper 20 [1]
Fe Blister copper exp(4430/T —1.41) [26]
FeS Blister copper 1 [26]
FeO Blister copper 1 [26]
Pb Blister copper exp(2670/T —1.064) [26]
Zn Blister copper exp(—1230/T) [26]
As Blister copper exp(—4830/T) [26]
Sb Blister copper exp(—4560/T +1.24) [26]
Bi Blister copper exp(—=1900/7 —0.885) [26]
Ni Blister copper exp(—1430/T —0.546) [26]

F3 NPHIGA R
Table 3 Component content of initial matte (mass fraction, %)
Cu S Fe CaO MgO Pb Zn Sb As Bi H,O
69.66 20.70 6.83 0.05 0.01 1.21 0.54 0.02 0.12 0.04 0.08

T4 BEERS A

Table 4 Simulation results and industrial data

Mass fraction/%
Value Phase

Cu S Fe Pb Zn As Sb Bi Ni
Calculated  Blister 98.251 0.160 0.291 0.587 0.007 0.091 0.012 0.033 0.053
Measured  copper 98.756 0.164 0.353 0.228 0.003 0.159 0.015 0.046 0.046
Calculated 19.299 0.239 39.258 4.124 1.744 0.295 0.040 0.046 0.083

Sla
Measured g 21.428 0.383 36.868 2.266 1.685 0.693 0.027 0.027 -
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Table 5 Simulation results and industrial data
Mass fraction/%
Value Phase Pb Zn As Sb Bi Ni
Published Blister copper 33.00 0.60 52.00 26.00 68.00 55.00
This work 32.69 0.89 51.44 54.99 63.30 71.78
Published Slag 57.00 97.00 42.00 72.60 25.00 42.60
This work 57.96 55.36 41.93 4491 22.42 28.22
Published Gas 10.00 2.40 6.00 1.40 7.00 1.40
This work 9.35 43.76 6.63 0.09 14.28 0.00
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Fig. 1 Effect of Csc, on distribution rates of impurities: (a) In

blister copper phase; (b) In slag phase; (c) In gas phase
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Thermodynamics analysis of distribution behavior of
impurity elements during copper flash converting

LI Ming-zhou"?, ZHOU Jie-min" %, ZHANG Wen-hai', LI He-song’, TONG Chang-ren’

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Energy Science and Engineering, Central South University, Changsha 410083, China;
3. School of Metallurgy & Chemical Engineering Jangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: With the developed multi-phase equilibrium mathematical model of the copper flash converting process, the
typical production condition of the converting process was calculated, and the feasibility of the thermodynamic analysis
by this model was verified. Then the effects of the content of sulfide in blister copper(Cscy), the ratio of Ca/Fe in
slag(Rcare), the oxygen-rich concentration(Cp) and the converting temperature(7) on the distribution behavior of
impurity elements in the converting product were studied using this model. The results show that, increasing Csc,, T or
decreasing Rc,re, Co Will lead to be the results in higher distribution rate of impurities in blister copper, lower removal
rate of impurities into the slag and higher volatile rate of harmful impurities. For the matte with a certain amount and a
certain composition, appropriate conditions of melting process are “low Csc, , T “and “high Rcure, Co”. However,
considering the quality of blister copper and slag containing copper, the Cscy, Rcare and T should be controlled at about
0.20%, 0.4 and 1526 K, respectively, and the Cy should be controlled properly based on oxygen generation cost and the
reaction conditions in the furnace.

Key words: copper flash converting; impurity element; distribution behavior; multi-phase equilibrium; thermodynamics
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