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Research on Viscosity of Reductive Smelting Slag of High Silicon
Copper Oxide Ore and Application of Iida Model
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(1. BGRIMM Technology Group. Beijing 100160, China;
2. School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; To address the difficulty of slag-copper separation and low copper recovery of an oxide copper
ore with high-silicon and low-iron in DR Congo, effects of CaO and FeO addition on viscosity of reduction
smelting slag were investigated. The Iida viscosity prediction model was optimized based on the research
result to support accurate control of viscosity of CaO-Si0,-MgO-Al, O;-FeO slag system. The results show
that the melting slag viscosity drops gradually with increasing of content of CaO and FeO. The viscosity of
slag can be effectively improved by regulating the basicity of final slag of 0. 5 above and FeO content of 3%
above. The modified Iida model can properly predict the viscosity of this slag system over a wide range of
temperature and composition, and the relative error of forecast is within 10%.
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Table 1 Main components of slag after copper

oxide ore reduction smelting

JF e 43 5

i CaO  MgO ALO; FeO Si0;  CuO WE B
1 19.02 5.48 7.33 1.18 61.50 0.72 0. 31
2 23.34 5.12 6.99 1.18 57.26 0.84 0.41
3 28.63 5.10  6.52 1.12  55.70 0.75 0.51
4 32.81 4.65 6.41 0.66 53.97 0.28 0. 61
5 34.96  4.52 5.97 0.33 49.31 0.32 0.71
6 37.54  4.49 5. 86 0.87 46.12 0.29 0. 81
7 40.28 4.31 5.44 0.72 43.79 0.26 0.92
8 26.89 5.27 6.79 2.73 53.61 0.67 0. 50
9 27.04 5.13 6. 47 3.64 53.26 0.84 0.51
10 26.07 5.24  6.35 5.82 51.65 0.91 0. 50
11 25.27 5.16 6.42 7.36  50.84 1.37 0. 50
12 24.76  4.92 6.39 8.88 49.41 2.12 0. 50
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Fig. 1

viscosity testing device
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Fig. 2 Effects of basicity (a) and FeO content (b) on slag viscosity
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Fig. 3 Relationships between slag viscosity and temperature

under different basicity (a) and FeO content (b)
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Table 2 Calculation results of finger front
. .. E Caiwos ) wape e
factor (A,) and viscous flow activation energy (E, ) B, (4)

%5 AJ(X10 fPa-s) E,/(X10°]«mol 1) -
1 0.027 3 3.232 0.998
2 4.58 2.502 0. 999
3 12. 41 2.348 0.975
1 23.31 2.236 0. 967
5 86. 99 2.052 0. 984
6 41. 46 2.148 0. 989
7 58.11 2.105 0.991
8 85. 59 2. 395 0. 990
9 38. 88 2.176 0. 988
10 17. 22 2. 281 0.993
11 90. 80 2.034 0.993
12 306. 20 1. 845 0. 987
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Table 3  Viscosity (u,;) and basicity

parameter (¢;) of some oxides

ERIAER S 10/ (mPa + s) @i
CaO 0. 137exp(8664. 4/T) 1.53
SiO; 0.132exp(5613.5/T) 1. 48
MgO 0.147exp(9393. 1/T) 1.51
Al O3 0. 148exp(6679.5/T) 0. 10
FeO 0. 269exp(4349. 8/ T) 0. 96
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Fig. 6 Relationships between parameters A(a) and E(b) with temperature
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Table 4 Compositions of melting slag
for more viscosity test
Bt 53 $l
i : : W B
CaO  MgO ALOs; FeO Si0;  Cu O
a  3L.11 4.51 5.96 2.38 51.28 0.51  0.61
b 30.34 4.62 6.13  3.99 49.77 0.46  0.61
¢ 30.53 4.47 5.92  5.47 50.18 0.32  0.60
d  29.02 4.42 5.75 7.28 48.21 1.53  0.60
e 27.94 4.57 5.86 9.02 46.40 2.21  0.60
f 43.12 4.37  6.07 1.21 41.97 0.37  1.03
g 4461 4.24  6.22  0.94 39.84 0.46  1.12
h  46.54 4.33 5.95 1.09 37.86 0.52  1.23
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Fig. 7 Comparison of forecast results for each viscosity model
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