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Abstract: For the cobalt - bearing copper oxide concentrate from Congo, experiment of coke
reduction smelting with fayalite slag was conducted. The effects of CaO-to-SiO, mass ratio,
FeO - to - SiO, mass ratio and coke rate on the reduction rates of copper and cobalt were
investigated. The reduction sequence and conditions of copper, cobalt, iron and silicon oxides
were analyzed by thermodynamics. The reduction process of copper, cobalt and iron oxides was
quantitatively analyzed by means of metal oxide reduction thermodynamics and coke gasification
kinetics. The results show that the reduction of copper, cobalt and iron in the copper oxide
concentrate can be divided into the competitive fast reduction period in the early stage and the
slow reduction period of copper and cobalt in the later stage. The reduced metal iron in the slow
reduction period will undergo reoxidation. The large amount of competitive iron reduction in the
early stage and its reoxidation in the later stage will reduce the reduction rate of copper, cobalt
and iron and the effective utilization rate of coke. The formation mechanism of ferroalloy layer on
the surface of crude copper is revealed.

Key words: copper oxide concentrate; copper; cobalt; reduction of FeO; thermodynamics
model; fayalite
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AGE (T)=-2.303Rﬂg(’; €., (5)
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AGE (T)=—2.303R71g(}; 0., (6)
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Table 2 Relationship between CO coefficient required by MO and temperatures under standard state

=95y Cu,0+CO(g)=2Cu+CO,(g) CoO+CO(g)=Co+CO,(g) FeO+CO(g)=Fe+CO,(g)
°C K, (T) Ela=1  alé'=1 K, (T) Ela=1  alE=1 K, (T) Ela=1  alE'=1
1273 3.99x10° 1. 00 1. 00 13.27 0.93 1.08 0.428 0.30 3.34
1373 1.41x10° 1. 00 1. 00 9.58 0.91 1. 10 0.383 0.28 3.61
1473 5.68%10° 1. 00 1. 00 7.29 0.88 1. 14 0. 348 0.26 3.87
1573 2. 15%10° 1. 00 1. 00 5.75 0. 85 1.17 0.319 0.24 4.13
1673 9.16x10* 1. 00 1. 00 4. 66 0.82 1.21 0. 288 0.22 4. 47
1773 4.28x10* 1.00 1.00 3.89 0.80 1.26 0.244 0.20 5.10
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Table 3 Main components of copper oxide concentrate
(mass fraction) %

Cu Co S FeO CaO MgO ALO, SiO,
20.92 0.23 0.82 1.94 2.91 5.99 4.65 39.08
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FEATICR AL, DA ARIE T30 4 R i SR &,
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Table 4 Effect of m(CaO)/m(SiO,) on the reduction smelting index with m(FeO)/m(SiO,)= 0.71

m(Ca0)/m(Si0,) AR/ % T Y%
gy Cu Co e /e Y] it
0.2 99. 39 98. 38 54. 54 1.28 1.39 32.60 74. 47
0.3 99. 59 98.30 60.27 1. 41 1. 60 32.33 78.07
0.4 99. 00 98. 31 55.46 1.30 1.42 37.13 77. 60
0.5 99. 38 98. 11 43.73 1.02 1.03 31.53 86. 87
0.6 99. 56 97.99 39.04 0.91 0. 89 29.13 92.40
0.7 99. 07 96. 62 41. 47 0.97 0.96 28. 80 97.07
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Z (B3I, Cu Fl Co MY J 2 JL-F-AAE , Cu ik
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Fig.4 Effect of m(FeO)/m(SiO,) on the reduction
rate of metals with m(CaO)/m(SiO,)=0. 4
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Table 5 Effect of m(FeO)/m(SiO,) on the reduction
smelting index with m(CaO)/m(SiO,)=0.4

m(F.eO) A¥1FeO % Sl e o

m(Si0,)  JiiiE/g ay,
0.41 15.92 73.05 57.98 1.26 1.36 2.59
0.56 21.91 72.82 48.25 1.51 1.77 2.16
0.71 27.90 55.46 42.69 1.30 1.42 1.91
0.79 30.89 55.56 40.72 1.36 1.53 1.82
0. 87 33.89  36.19 39.10 0.93 0.91 1.75
0.94 36.89  37.71 37.74 1.00 1.00 1.69
1.02 39.88 28.2 36.59 0.77 0.72 1.64
1.10 42.87 28.96 35.60 0.81 0.77 1.59
1.17 45.87 19.06 34.73 0.55 0.49 1.55
1.25 48.87 15.05 33.97 0.44 0.38 1.52

Fe f38 R Bl m(FeO)/m (SiO,) A 14 i i
Tk R B RS N R A X B A R
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Fig. 5 Effect of coke coefficient on the reduction rate
of metals with m(CaO)/m(SiO,)=0. 4
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Fig. 6 Effect of coke rate on the reduction rate
of metals with m(FeO)/m(SiO,)=0. 71
and m(Ca0)/m(Si0,)=0. 4
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H CO FHA: AR, A CO &l 1 2=°F
M {E A 2238 K, 7F Cu, Co, Fe 7o 5+ ik JE 5} Fe 114
53 B P S AN 28 A8 B AR IR S T A9 8 S5
FIFR R e Ml apo/ag, FOECAB IR A .
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Table 6 Slag composition with m(FeO)/m(SiO,)=0.71 and m(CaO)/m(SiO,)=0.4 under various coke rates

280 %
/% - Xgi0/% n(0)/n(Si)
CaO MgO Al0O; FeO SiO,
2 14. 47 5.59 10. 20 24.38 37.88 0.410 3.76
4 17.71 6. 85 9.18 25.19 43.34 0.436 3.55
5 20. 43 8. 26 9.15 11.33 48. 64 0. 497 3.23
6 18. 09 6.92 11.30 21. 87 45.72 0. 455 3.49
8 19. 84 7.94 9. 86 16.21 52.2 0. 498 3.23
10 20. 90 8.34 9.20 11.94 51.55 0. 506 3.19
F7 m(FeO)/m(SiO,)#0.71,m(Ca0)/m(SiO,) A 0.4 Bt £& bk X3 £k 37 J& 0 £ 7% F F B9 24 Ml
Table 7 Effect of coke rate on iron reduction and coke utilization with
m(FeO)/m(Si0,)=0.71 and m(Ca0)/m(Si0,)=0.4
. FEHH A5 /%
/% &l % E % a &c Apeo | e
Cu Fe

2 12.98 18.79 0. 84 0. 69 0.63 66. 41 18.23
4 22.55 34.71 1.55 0.65 0.59 56.98 15.83
5 55.46 42.67 1.91 1.30 1.42 47.12 31. 14
6 32.13 50. 63 2.26 0.63 0.57 39.19 15.03
8 53.68 66. 56 2.98 0. 81 0.76 29.53 18. 84
10 64.83 82.48 3. 69 0.79 0.74 23.34 18.20
BN 6% (a=2.26) I, 1 T &4 Si0, 5 K.

FeO 158 4 i J5E , 15 1l £5 e PR I #E J5 3 B FeO
R JER PR B, P B e AT Y a /a8
SR AR A R HE N 6% $2 75 5] 8% Bif FeO i JB
RARSEHE F, HA HUR R T Si0, 5 FeO WY 5a 4+
PEIR 5, AH e Fl arofar, BB A BT I HASR K
A F £ T 5% B I A K i Si0, 35 4 8 T B Y

AU, a=2.26 B}, Si0, & 5 £ 58 4 ik J L

2 Y AT SN2 A TR A W 1 XRF b

A (53800 0 Fe 77.31%, Cu 6.90%,

Si 13.23%, Co 1.42%, Al 0.56%.Si 7 Fe [t JC FR i
VAW PR S IR TR R Ay SR AR SR

lg y4=1.21-6 100/T. (15)
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Fig. 7 Phase diagram of Cu-Fe alloy
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Table 8 Element analysis of EDS spectrum points

in Fig.8 %
A 2 53
JLER i R iR R fE ET
O 43.54 59.96 32.06 57.14 — —
Mg 7.15 6.48 0.88 1.03 — —
Al 6.27 512 — — — —
Si 21.63 16.97 14.07 14.29 — —
Ca 19.33 10.63 2.36 1.68 — —
Fe 1.80 0.71 50.63 25.86 85.84 87.34
Ti 0.28 0.13 — — — —
Cu — — — — 14.16 12.66

n(SOYILE 3 LI, B HLAE 5% I, Si0, B 4R 434k
X40,=0.497 , AE7E 0.50~0.33 Z N, LI AT LLFIIH7 %

W RE T RERR R I LS R h [Si,0,,., ] B
R FR B IR 5 4 1715 33 5 300 A ) AR 5 A
Wi

4% i

1) ARG R ki B2 v Cu, Co, Fe 119
T T Sk T ) S e R A U S B Y Ca,
Co 18 #1851, 7648 Wik i 4 J8 Fe & & 4 —
YA s 428 Fe i Y o 5 4 k0 SR A s 19
TIREAL S FAK Cu, Co, Fe BB JFR A IR BA
ROFIH R .24 FeO 38 J5 1 £ e 7 2 R AU L 2.26
I, Si0,23 5 FeO & A= 34t J5.

2) £ m(FeO)/m(Si0,) /N T 0.71,m(Ca0)/
m(Si0,) 1 0.2~0.7 Z[i] , £ LA 5% [ 45 F T, Cu
M Co 1y & 52 43 5l 24 99.00%~99.61% Fil
96.62%~98.57%. Co i JFL 3 (1) A% 32 22 3% FeO R
W55 4 PR 8 SR B2 0, m (CaO)/m (Si0,) B 12 7
AR HE Fe B9 i . R T ARIIE Co i i #E7E 98% LA
|, m(Ca0)/m(Si0,) NE#id 0.4.

3) £ 1 400 °Cib JFHE AT, 438 I 1 Fe 1%
T A JE = R 17% AT 38 R R = Y
PR RACHAR 1 YR R Fe 2 T4 g
WY 17% B S S e R A R R G
&2,

4) X} m (FeO)/m (Si0,) N 0.71, m (CaO )/
m (Si0,) 1 0.4, £ Fb N 5% B4R i B9 43 BT o,
Ty 3 L PR VA A RO A R A B ] B A D i
O ) 4 TR R BURL AR AE T
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