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thermodynamics model during scrap copper refining process
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Abstract: Based on the principle of Gibbs free energy minimization, a multicomponent and multiphase equilibrium
thermodynamic model of scrap copper refined by tilting furnace based on time discretization was built. The contents of
each component in every period were calculated at the same process conditions with production test, such as smelting
temperature, air volume, oxidation time and reduction time. Compared with the production data, the absolute error of the
Cu content (mass fraction) in blister copper of oxidation period is 0.050%, and its relative error is 0.050%; the absolute
error of O content is 0.012%, and its relative error is 2.638%. The absolute error of Cu content in blister copper of
reduction period is 0.042%, and its relative error is 0.042%; the absolute error of O content is 0.006%, and its relative
error is 4.267%. The absolute errors of Cu and Fe contents in slag are 1.052% and 0.504%; the absolute errors of Cu and
Fe contents in slag are 2.782% and 5.143%. This model can basically reflect impurities distribution of the refining
process of scrap copper by tilting furnace, which can provide theory basis for research on impurities distribution of scrap
copper refined by tilting furnace.
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Components e AHQ@"",/I Afz%g /71 C,=a+bx107°T+cx10°T 2 +d x10°T?
(kJ-mol ") (J-K "mol ) a b c d
Cu,S Liquid ~68.098 132.458 89.663 0 0 0
Cu,0 Liquid ~130.221 96.399 99.914 0 0 0
FeS Liquid ~64.630 91.206 62.551 0 0 0
FeO Liquid ~256.323 52.148 52.148 0 0 0
Fe;0, Liquid ~993.310 198.380 213.384 0 0 0
Si0, Liquid ~927.526 9.309 85.772 0 0 0
Ca0 Liquid ~572.895 40.979 62.760 0 0 0
PbO Liquid ~202.244 73377 73.377 0 0 0
NiO Liquid ~178.628 65.395 54.392 0 0 0
SnO, Liquid ~576.299 34.627 34.627 0 0 0
Fe Liquid 8.006 23.520 40.878 1.674 0 0
As Liquid 21.568 53.283 28.832 0 0 0
Sb Liquid 17.530 62.710 31.380 0 0 0
Sn Liquid 6.660 63.852 25.184 2.105 8.188 ~0.163
Bi Liquid 9.271 71.978 19.016 10372 20.740 -3.979
Ni Liquid 3.361 20.305 43.095 0 0 0
NiO Liquid ~178.628 65.395 54.392 0 0 0
Sb,0; Liquid ~675.474 143.624 156.900 0 0 0
Bi,0; Liquid ~590.809 94.464 202.000 0 0 0
As,05 Liquid ~643.424 128.132 152.716 0 0 0
S0, Gas ~296.813 248.220 29.134 37.222 0.058 ~2.885
N¢ Gas 0 0 25.101 20.191 ~0.104 -9.411
S, Gas 0 0 34.671 3.286 ~2.816 ~0.312
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0, Gas 0 0 22.060 20.887 1.621 —8.207
N, Gas 0 0 23.529 12.116 1.210 -3.076
H,0 Gas —241.826 188.832 28.408 12.477 1.284 0.360
H, Gas 0 0 25.855 4.837 1.584 —0.372
Co Gas 0 0 25.867 6.508 1.105 1.020
CO, Gas 0 0 29.314 39.970 —2.484 —14.783
Pb Gas 195.200 175.372 20.786 0 0 0
PbO Gas 70.300 240.042 33.413 6.852 —2.395 —2.940
AsO Gas 43.806 230.402 24.382 40.531 —1.491 —27.667
As, Gas 190.707 240.882 37.200 0.150 —2.000 0
SbO Gas —103.500 238.346 26.257 22.158 —0.268 —8.432
BiO Gas 125.687 246.407 36.507 0.526 —3.663 0.001
SnO Gas 21.911 232.115 31.304 10.546 —2.011 -4.910
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
F2 &AL R R 20 £3 S AT R0
Table 2  Activity coefficient of components in slag[”' 20-21) Table 3  Activity coefficient of components in blister
Component Activity coefficient References copper!' 272!
FeO 1.42xp.0—0.044 [20] Component Activity coefficient References
Sio, 2.1 [11] Cu 1.0 [20]
Fe;0, 0.69+56.8xe,0,15.45xsi0, [11] Cu,S 26 [21]
Cu,0 3 [21] Cu,0 20 [21]
PbO 70 [11] Fe 1QR0TAD [11]
NiO 10(3050/7-1.30) (1] FeS 1 [11]
As,05 3.838exp(1523/7)- p§!** [11] FeO 1 (1]
Sb,0; exp(1055.66/T) [11] Pb 10Uy [21]
Bi,O, exp(—1055.66/T) [11] As 10T+ [21]
SnO 10(®800/7-5.7) [11] Sh 10C4360/T+1.24) [22]
Bi 10(1900/7-0.885) [22]
Ni 10 1430/7-0.546) 21
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Table 4 Smelting process technical parameters of tilting furnace

% 10 A4, SIS ETHAR AT Cu i 8
IR ZE R 0.050%, AHXTRZEN 0.050%; O i
B LR IRZEALH 0.012%, FIXTIRZ N 2.638%.

Mass of Mass of copper ~ Mass of heavy Mass of LPG/ Mass of slag/  Furnace output in Grade of anode
limestone/t scrap in furnace/t oil/t m’ t workshop/t plate/%
3.600 418.900 24.680 916.000 27.600 377.20 99.430
Mass of copper in  Feeding-melting Oxidation Slag pour-out Reduction Measuring temperature
slag/% time/min time/min time/min time/min of reduction period/’C
37.810 685.000 310.000 78.000 80.000 1189.000
=5 SR
Table 5 Production data
Mass fraction/%
Sample
Cu (0] S Fe Sn Pb Ni As Sb Bi
Oxidation 99.080 0.470 0.007 0.004 0.086 0.021 0.075 0.130 0.047 0.018
Reduction 99.430 0.150 0.001 0.002 0.055 0.025 0.075 0.130 0.050 0.017
Slag 37.810 - - 9.8 1.449 - 0.672 - - -
T 6 NI A 2
Table 6 Average component content of initial scrap copper (mass fraction, %)
Cu (0] S Fe Sn Pb Ni As Sb Bi Other
96.000 0.039 0.650 0.690 0.260 0.140 0.140 0.110 0.067 0.032 1.858
F=T BAELZ4M
Table 7 Operating process conditions
Oxidation air Oxygen Oxygen Mass of silica  Content of SiO, in Natural gas
volume/(Nm*-h™") concentration/% efficiency/% flux/t silica flux/% utilization/%
2800 21 95 3.6 90 40
Oxidation Natural gas intake volume Reduction Reduction time/  Oxidation time/ Inclusion amount of
temperature/'C for reduction/(Nm>h™")  temperature/°C min min blister copper in slag/t
1187 700 1189 80 310 5.0
F8 MG B S A T R AL
Table 8 Simulating elemental composition of oxidation period
Mass/ Mass fraction/%
Phase
t Cu 0 S Fe Sn Pb Ni As Sb Bi
Blister copper  381.548  99.130  0.482 0.008 0 0.074 0.019 0.100 0.115 0.054 0.017
Slag 26.719 36.758 12.935  0.001 10.304  2.835 1.765 0.686 0.022 0.237 0.009
Gas 18.587 0 14.060 12.874 0 0.007 0.063 0 0 0.002 0.280
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Table 9 Simulating elemental composition at reduction period

AL AR AGEVE S, RAAR T Cu,0 R PLIES
&S, CuS BRIV N IR, e i T4
I, FEERAMRNA MeS+H0,—MeO+S0,
CuS+0,—Cu,0+S0,, A Fe &5 22l S b,
Cu,S WIBHHAAAL LR Cu,0. [, 7E4 ki i
IR AR, SO, TR B R I SE I3 J5 R B
Fe, K TR, AT T Fe 524
JETALIILSE AL, Bl X L% R A A I 1
N, R CuS A THR RN, FEUHS
AT BRI BT - SO T, R S A
FAE] RN SN, A AR Cu,S
FRBHIRAC, AT SO, i 73 Bt b 2 i
R AR S BEREAT I R VR C3HgHO,—CO+H,,
Cu,0+CO—Cu+C0O,, Cu,0+H,—Cu+H,0, % FEE
WA CuO AWrhid gt H SO, JERiE D, A,

ST, CuyO 15T 23 2R SO, I BT 40 R B R
BTEEN

Mass fraction/%

Mass/
Phase
t Cu 0 S Sn Pb Ni As Sb Bi
Blister copper  375.255  99.472  0.144  0.004 0.074 0019 0.100 0115 0.054  0.017
Gas 1.639 0 77982  0.814 0.003  0.006 0 0 0 0.122
FT 10 A AL A5 B R A =R e 45 1

Table 10 Simulation value and production test results of blister copper at oxidation period

Mass fraction/%

Value
Cu (0] Sn Pb Ni As Sb Bi
Calculated value 99.130 0.482 0.074 0.019 0.100 0.115 0.054 0.017
Measured value 99.080 0.470 0.086 0.021 0.075 0.130 0.047 0.018
Absolute error 0.050 0.012 0.012 0.002 0.025 0.015 0.007 0.001
Relative error 0.050 2.638 13.953 7.619 32.933 11.538 15.106 3.333

R JSUIPRARAR O B i R

Table 11 Simulation value and production test results of blister copper at reduction period

Mass fraction/%

Value
Cu (0] Sn Pb Ni As Sb Bi
Calculated value 99.472 0.144 0.074 0.019 0.100 0.115 0.054 0.017
Measured value 99.430 0.150 0.055 0.025 0.075 0.130 0.050 0.017
Absolute error 0.042 0.006 0.019 0.006 0.025 0.015 0.004 0
Relative error 0.042 4.267 34.909 22.400 33.467 11.231 8.600 0.588
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Table 12 Simulation value and production test results of slag

Mass fraction/%
Value
Cu Fe
Calculated value 36.758 10.304
Measured value 37.810 9.800
Absolute error 1.052 0.504
Relative error 2.782 5.143
d "— Cu,0 135
L v—_ CU2S i °
6 —s0, 1392
§ St Reduption 125 %
% 4 period |5 2
I RS
£ 1155
3 110 <
=2 5@
1 Oxidation =
periodl ) ] 0
0 100 200 300 400

Time/min
B3 EALIGHE RIS T Cu,S. Cu,0 LUK
FH SO, Jit 73 B IR AR AR H
Fig. 3 Changing trend of mass fraction of Cu,S,Cu,O in
blister copper and SO, in gas phase smoke during oxidation and

reduction periods
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