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Test on on-line reduction and fusion of high-temperature

iron-containing kiln slag

LEI Hechao, LI Gongpu, LIU Chao, KANG Yue, ZHENG Lijia, LI Xuedong
(College of Metallurgy and Energy,North China University of Science and Technology , Tangshan,063210, Hebei , China)

Abstract: High-temperature iron-containing kiln slag is a by-product of metallurgical dust after zinc extraction treatment
by rotary kiln,because of its high impurity content and difficult to use effectively,resulting in low added value of products
and waste of iron-containing resources. In view of such characteristics as high iron grade,high metallization rate and high
slag discharge temperature ,an online reduction fusion process of high-temperature iron-containing kiln slag is proposed , and
the effects of reducing fusion temperature, carbon mixing amount, constant temperature time, and slag additives ( binary
alkalinity , magnesium-to-aluminum ratio) on fusion effect and iron recovery are systematically studied. The results show
that the appropriate reduction temperature and carbon distribution could promote the full reduction of iron oxides and the
aggregation of iron droplets. When the temperature is increased from 1 400 C to 1 500 °C, the iron recovery rate is
increased from ineffective separation to 84. 41% . When the carbon mixing amount is increased from 10. 37 g to 27. 63 g,

the iron recovery rate is increased from 36. 84% to 90. 93% . Optimizing the slag alkalinity and magnesium-aluminum ratio
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can improve the fluidity of the slag and inhibit the secondary oxidation of iron, and appropriately increasing the binary

alkalinity and magnesium-aluminum ratio is conducive to improving the iron recovery,but if the two continue to increase,

high melting point phases and magnesium-aluminum spinel will be generated, which will worsen the slag-iron separation

effect and lead to a decrease in iron recovery. Under the optimized conditions of reducing fusion temperature of 1 500 °C,

carbon mixing amount of 27. 63 g, constant temperature time of 40 min,binary alkalinity of 1. 5,and magnesium-aluminum

ratio of 0. 6,the iron recovery rate could reach 95.92% , and the iron grade in the obtained iron-containing materials is

97.16% . This process can realize the efficient separation of slag and iron and the high-value recovery of iron resources, and

at the same time make full use of the sensible heat of kiln slag to avoid cooling energy consumption and iron loss in the

traditional beneficiation process,providing a new idea for the green and low-carbon treatment of metallurgical solid waste.

Key words: iron-containing kiln slag; reduction; fusion; iron recovery; slag and iron separation
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Fig.1 Macroscopic diagram of iron-containing kiln slag
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Table 1 Main composition of iron containing kiln slag

TFe FeO Si0, CaO MgO ALO; Zn S
57.78 35.25 7.26 15.16 3.63 8.12 1.30 1.085

HERH SR EB TS TR NS, R
X AT (XRD ) X H - AT W AH 50 B, 255340
FI2 e BRIEL 2 ATEN, & kas il i 1 40 i
RE A, Ho, BotE R L Fe,0,, Fe,0, Fl
FeO JEAEAE; RN CE FEIRAET ZnFe, 0,
M ZnO iy WA, 7RS4 H Ca, Si, Mg 4%
JCRAMMILEY), WEERRELAS

0 20 20 50 80
26/(°)

1—Fe;0,; 2—Fe0; 3—Fe,0,; 4—Ca,Mg(Si,0,);

5—7Zn0; 6—7ZnFe,0,; 7—Mg,SiO,; 8—ALSiO,,

2 RY%EE XRD Eif

Fig. 2 XRD pattern of iron-containing kiln slag
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Table 2 Reduction and fusion experiment results
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1 400 — —
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1550 73.23 84. 49
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Fig. 3 Reduced fused fractional morphology
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Table 3 Reduced fusion fractionation effect with different

carbon allocation

RWiht/s  BHURIs  GB/%  BECR %
10. 37 32.82 97.29 36.84
15.00 45. 80 98.75 52.18
20.00 54.98 98.95 62.77
25.00 71.83 99.04 82.08
27.63 79. 67 98.92 90. 93
30. 00 717.36 99.13 88. 48
35.00 81.59 99.03 93.23
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Table 4 Reduced fusion fractionation effects at different

constant temperature times

R /min - BRBTTR/g BRIIICR/ % Sk %

20 71.24 80. 31 97.71
30 79. 67 89.39 97.24
40 85.62 95. 69 96. 86
50 80. 45 89.70 96. 64
60 78. 82 87.89 96. 64
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Table 5 Reduced fusion fractionation effect under

different alkalinity

Bl BRBE/g BRIECR/ % SRR/ %
1.1 82.88 92.31 96.53
1.3 83.92 93.93 97.01
L5 85.36 95.22 96. 68
1.7 83.72 93.90 97.21
1.9 83.02 92.90 96. 98
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Table 6 Reduced fusion fraction effect under different

magnesium to aluminum ratios

BERRIL BPumR/g BRENCR/% SRR/ %
0.45 85.32 95.17 96. 68
0.50 85. 42 95.35 96. 75
0. 60 85.56 95.92 97.16
0.70 85.50 95. 50 96. 81
0. 80 85. 44 95.37 96. 74
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