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Table 1 Chemical composition of copper slag
FeO Fe;0, CaO ALO; MFe SiO, Cu MgO S Zn Hifth
37.50 18.90 0.23 0.98 1.24 31.99 0.74 0.42 0.39 2.78 4.87
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Fig.1 XRD pattern of copper slag
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Table 2 Industrial analysis of reducing agents

AN K4y RS Zix Il 7 Bk
ey 6.59 26.05 34.41 32.95
WA 0.22 1.47 28.61 69.7

A1) 5t 3.93 77.31 3.13 15.63
GRX//)rit 0.44 6.76 18.07 74.73
TR 0.11 0.92 8.6 90.37
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Fig.2 Cooled copper slag particles
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Fig.3 Effect of binder ratio on compressive
strength of pellets (pulverized coal)
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Table 3  Experimental conditions

AN E THUCOYN,) RNRFESC  HRifA/mm  ERFIE(C/0)  EEFINCEL(S/Ca0) R JE IR
1 N, 800 -0.074 0.8:1 1:0 KA
2 CO,(25%)N,(75%) 900 -0.106+0.074 0.9:1 1:0.1 e
3 CO,(50%)N,(50%) 1000 +0.71 1:1 1:0.2 X7/
4 COL(75%)N,(25%) 1100 -0.71+0.425 1.1:1 1:0.3 TR
5 co, 1150 -0.425 12:1 1:0.4 IR £
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Table 4 Orthogonal experimental results of direct reduction for carbon-bearing pellets of copper slag

75 TH(CO,N,) SOVRE/C Al ki A/mm  EEFIEE(C/0) B A EE(S/Ca0)  IBJEFIFNZE  BEER/Y%
1 N, 800 -0.074 0.8:1 1:0 o3 14.97
2 N, 900 -0.106+0.074 0.9:1 1:0.1 JRAR 29.08
3 N, 1000 +0.71 1:1 1:0.2 AW 5t 51.28
4 N, 1100 -0.71+0.425 1.1:1 1:03 A1) bk 80.91
5 N, 1150 -0.425 1.2:1 1:0.4 Wk 93.8
6 CO,(25%)N,(75%) 800 -0.106+0.074 L1:1 1:03 SRR 67.17
7 CO,(25%)Ny(75%) 900 +0.71 12:1 1:0.4 LR 73.7
8 CO,(25%)N,(75%) 1000 -0.71+0.425 0.8:1 1:0 oy 30.23
9 CO,L(25%)N,(75%) 1100 -0.425 0.9:1 1:0.1 YR 66.96
10 CO,(25%)Ny(75%) 1150 -0.074 1:1 1:0.2 W) TR 92.51
11 CO,(50%)N,(50%) 800 -0.106+0.074 0.9:1 1:0.1 W) TR 71.6
12 CO,(50%)N,(50%) 900 +0.71 1:1 1:0.2 WL A 75.38
13 CO,(50%)N,(50%) 1000 -0.71+0.425 L1:1 1:0.3 Kk 87.31
14 CO,(50%)N,(50%) 1100 -0.074 1.2:1 1:04 PREAE 89.97
15 CO,(50%)N,(50%) 1150 -0.106+0.074 0.8:1 1:0 A=y 74.58
16 CO(75%)N,(25%) 800 +0.71 1.2:1 1:0.4 G/t 69.34
17 COy(75%)Ny(25%) 900 -0.71+0.425 0.8:1 1:0 W) T 39.68
18 COy(75%)N,(25%) 1000 -0.074 0.9:1 1:0.1 SR 62.42
19 CO,(75%)N,(25%) 1100 -0.106+0.074 1:1 1:0.2 Ty 86.34
20  COL(75%)N,(25%) 1150 +0.71 L.1:1 1:0.3 oy 96.6
21 co, 800 -0.71+0.425 1:1 1:0.2 fogcs 29.03
22 co, 900 -0.074 1.1:1 1:0.3 eI 28.98
23 CO, 1000 -0.106+0.074 1.2:1 1:0.4 EX7R0A 88.3
24 co, 1100 +0.71 0.8:1 1:0 WA 67.19
25 Co, 1150 -0.71+0.425 0.9:1 1:0.1 Fik 97.94
I 270.04 258.11 288.91 226.65 226.65 360.27
I 330.56 246.81 345.47 334.01 334.01 27491

il 404.83 319.55 366.38 334.53 334.53 291.14

I\ 354.39 391.38 353.78 360.97 360.97 379.01
\ 311.45 455.43 316.79 415.12 415.12 365.95

1/5 54.00 51.62 57.58 45.33 45.33 72.05

/5 66.11 49.36 69.09 66.8 66.8 54.98

111/5 80.97 63.91 73.28 66.91 66.91 58.22

IV/5 70.88 78.28 70.76 72.19 72.19 75.8

V/5 62.29 91.09 63.36 83.02 83.02 73.19

& 26.96 41.72 15.50 37.69 37.69 20.82
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Orthogonal Experiments of Copper Slag Particles Direct Reduction by
Carbon-Containing Solid Waste Reductant

Zuo Zongliang', Luo Siyi', Yu Qingbo?, Zhang Jingkui’
(1.Qingdao University of Technology, Qingdao, Shandong, China; 2.Northeastern University, Shenyang,
Liaoning, China; 3.Shanghai University of Electric Power, College of
Energy and Mechanical Engineering, Shanghai, China)

Abstract: Copper slag particles were prepared by rotary cup atomizer. Carbon-containing copper slag pellets
were prepared by copper slag particles, carbon reductant, binder and slag former. The effects of six factors
on reduction ratio of carbon-containing copper slag pellets were in accordance with the sequence of reaction
temperature > the ratio of slag former > atmosphere > the types of reduction reductant > particle size of
copper slag > the addition ratio of reductant, under experiment conditions. The optimum condition for direct
reduction of carbon-containing copper slag pellets was that the reaction temperature was 1150°C, the ratio of
slag former was 1:0.4, atmosphere was CO,(50%)+N,(50%), the reductant was coal, particle size of copper
slag was +0.425 mm and the addition ratio of reductant was 1.2: 1. On this condition, the reduction ratio of
copper slag is 98.2%.

Keywords: Copper slag; Centrifugation; Direct reduction
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