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Slag type optimization during reduction smelting tests for
a copper oxide concentrate in Congo
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Abstract: The copper oxide concentrate obtained by flotation in Congo (DRC) contains 28. 39% copper,
and the copper in the ore mainly occurs in malachite. In the actual production, the blast furnace reduction
smelting is used to treat this kind of copper oxide concentrate, which has the problems of high smelting
temperature, large amount of calcium oxide dosage and high copper content in the smelting
slag. Therefore, the slag type optimization tests are carried out, and the effects of reducing coke ratio,
CaO : SiO, ratio and the amount of ferrous oxide added on the reduction smelting of copper oxide
concentrate are investigated. The results show that the coke ratio mainly affects the yield and recovery of
crude copper, CaO : SiO, mainly affects the content of copper in slag, and melting temperature is the
main factor affecting the viscosity of slag. Under the condition of reducing coke ratio of 5%, selecting acid
smelting slag type, CaO : SiO, in the slag of 0. 4—0. 55 and FeO ¢ SiO, of 0. 13, the copper content in the
slag can be reduced to less than 0. 4%, and the copper recovery rate is more than 98%.
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Table 1 Composition analysis of copper oxide concentrate /%
A Cu Ca Mg Fe Al Si H:0O
Ry 28. 39 0. 30 2.07 1. 19 2.32 17.53 0.23
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Fig. 1 XRD pattern of copper oxide concentrate
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Table 2 Effects of reduction coke ratio on reduction smelting
B % i &R i AR A/ Y W AR MU S R BRI
R/% R/ % Cu Ca0 MgO  AlO FeO Si0;, FE/C /% RI/% R/ %
3 80. 12 20. 48 8. 88 26. 36 4. 00 6. 20 2.08 43.58 0. 65 1225 99. 49 71.75 0
4 71.22 27.73 0.62 31.76 4. 85 6.41 2.02 52.27 0. 66 1224 98.57 96. 26 6.02
5 70. 15 29. 45 0. 25 32.12 5.05 6. 44 0. 66 52.51 0. 64 1 245 95. 06 98. 62 69.93
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Fig. 3 Crude copper and slag photo produced under different coke ratio
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Table 3 Effects of CaO : SiO;, on reduction smelting
[l I i £ & EEALE RS T % W I sk ] 171
CaO: SIO,  j=#/% /% Cu CaO MgO Al Oy FeO SiO; TOREE/C /Y% R/ %
0.2:1 56. 62 28.19 0.77 14. 11 6.03 8. 20 1.52 65.93 0. 29 1235 96. 93 96. 26
0.3:1 59.76 28.61 0. 64 19.02 5.48 7.33 1. 18 61.50 0. 37 1153 96. 75 97.51
0.4:1 64.97 28. 60 0.75 23. 34 5.12 6.99 1. 18 57.26 0.46 1128 97.00 97.72
0.5:1 66. 77 28.92 0.67 28.63 5. 10 6.52 1.12 55.70 0.56 1153 96. 40 98. 19
0.55:1 69. 34 29. 20 0. 44 29.74 4.75 6. 44 0. 96 53.97 0.59 1141 96. 22 98. 97
0.6:1 70.15 29. 45 0. 25 32. 81 4. 65 6.41 0. 66 53.91 0.63 1 245 95. 06 98. 62
0.65: 1 72.99 28.50 0. 30 33.69 4. 48 6.07 0.52 51. 66 0.67 1226 97. 87 98. 25
0.7:1 75.33 28.18 0.28 34. 96 4.52 5.97 0.33 49. 31 0.72 1220 97.78 97.07
F4 AEEBEETER CaO: SO MEERGEREHENEINE
Table 4 Effects of CaO : SiO, on viscosity of reduction smelting slag at different temperatures /(Pa -+ s)
L/ C CaO : SiO,
0.2:1 0.3:1 0.4:1 0.5:1 0.55+:1 0.6:1
1 350 — — 5.03 3. 46 — 3. 88
1400 2.67 3.42 3.11 1. 88 2.11 2.2
1450 1.52 1. 65 1.72 1. 34 1. 40 1. 14
1490 1.03 1. 05 1. 18 1. 25 1. 35 1.14
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BT 1.88~2.2 Pa s, T EHRESE
=1 450 °C, CaO : SiO{fiH 0.2~0. 6 B, FHEEH
<2Pa-s, AJU, FEBEAEEAREHEET, &
A A T RERE R R . (YR 2 1490 CTHY
e R . R R AR AR AR, HLBE A B AL
BRI AR AN I . SRR R, R
CaO & SiO. ik 0. 4~0. 55,

3.3 FeO MMAERIENT

TERS BRI E 1500 °C, BfE 1 h, CaO : SiO,
B3R 0.5 F1 0. 6 BYZ51FT . HEE A
TR R RS . SERAE R L3 5~6.

LS2A
7

25l A, fEERMAR 4%, CaO : SiO,
B0 0.5 BF, B FeO : SiO, fH 1 0.08 4 n &
0. 12, 5P Hd 1Y & 1 Bl 22 B0 2 [ A S 15 m i)
B, AR Y LR R e 7R 97. 2620 ~ 98.73%;
CaO : SiO, K 0.6 Wf, B FeO = SiO, i 0. 08
BEINE 0. 16, b Y & R BE 2 B R AR S B
D1 I O T 2 .y N S
FeO : SiO, f & 0.16 BF, 4 /Y [\ Y 2 A% =
89.87% . fEME BN AR N ZE 5%, FeO : SiO,
0.1 1HIZE 0.16 ¢ 1 IF, ¥ P4 & &K
BB A 4% 45 A BRAG, (R RI B, R S
M FEAL . B, 7EBC A FeO W, 7 45 i i 6

JEAUR . B Ik FeO ik 7N Fe ik ACHL R [ 1% L
GEEURTR AR

#£5 FeOMANEIRET EFEBHEH M
Table 5 Effects of FeO addition ratio on copper reduction smelting

Ca0+ SO, ¢ FeO fE 1L/ % Y s i BTN % ‘ ‘Jﬁ’é"ftc \ *ﬁjﬁ 5[]
TR/ % Cu CaO MgO  AlO, FeO SiO; R/ C L/ % W/ %

0.5:1:0.08 4 70. 05 0. 24 27.19 5.08 6.79 5. 68 53.11 1217 96.73 98. 38
0.5:1:0.10 4 70.16 0.21 27.07 5.10 6. 65 5.92 53.25 1220 94. 54 97. 54
0.5:1:0.12 4 70.67 0. 28 26. 80 5.10 6. 82 6. 87 52. 84 1202 93.68 97.26
0.5:1:0.14 4 72.67 0. 37 26. 36 4. 90 6.52 8. 80 51.41 1220 97.89 98.73
0.6:1:0.08 4 74.10 0.45 30. 17 4. 45 5. 80 5.38 49. 34 1214 97.87 97. 26
0.6:1:0.10 4 75.19 0. 37 30. 11 4. 80 6. 05 5. 99 49. 50 1206 97. 88 98. 31
0.6:1:0.12 4 73.27 0. 28 30. 53 4.47 5.92 5.47 50. 18 1210 95. 05 96. 40
0.6:1:0.14 4 74. 30 0. 47 30. 32 4.42 5.75 6.28 50. 40 1213 93.57 99. 63
0.6:1:0.16 4 78.39 2.59 28. 14 4. 20 5.46 9.12 47. 40 1198 99. 04 89.07
0.6:1:0 5 70.15 0. 25 32. 81 4. 65 6.41 0. 66 53.91 1 245 95. 06 98. 62
0.6:1:0.10 5 70. 86 0.17 31.74 4. 33 5.90 1. 94 53.16 1 230 92. 36 97.17
0.6:1:0.12 5 70.79 0.10 32.02 4.70 6.48 1. 03 53.41 1192 87.48 99.59
0.6:1:0.16 5 70.98 0.16 31.22 4. 35 5.90 2.52 52.15 1226 87. 36 99. 95
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Table 6 Effects of FeO addition on viscosity of reduction smelting slag /(Pa s s)
CaO : SiO; ¢ FeO
it &g /°C -
0.5:1:0.08 0.5:1:0.10 0.5:1:0.12 0.5+ 1:0.14
1 350 5. 37 3.45 4. 38 2.22
1400 3.13 2.27 2.52 1. 25
1 450 1. 85 1. 60 1.78 1. 04
1 490 1. 34 1.33 1.37 1. 04
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