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Table 1 Chemical components of nickel slag (mass
fraction, %).
TFe FeO Si0, MgO Al O,
39.40 49.68 32.50 9.70 2.30
CaO Ni Cu Co S
1.20 0.455 0.338 0.144 0.868
+ — Fe,Si0O,
o — (Fe,Mg),Si0O,
Ton * — FeNiS,

20/(°)

B 1 SEFER XRD i
Fig. 1 XRD patterns of nickel slag sample

HHEE 1 AThn, SE S ER G, T 40%:;
SiO, 1 MgO & & 7 5°H 32.50%F1 9.70%; CaO Fil

R=2 BRI KT ER

Table 2 Proximate and elemental analyses of coal

ALO; FRBUK. BRIbZAh, BEHEEH /DR Ni.
Cu. Co &Mk, W1 KW, BT
F A AN A (Fe,Si04) BEMIN A (Fe,Mg),Si04)
1 FeNiS,.
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JE 5o
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I R SER W% N B A GRS . I8 S
FERRLEE /N 0.074 mm 9 100% . K NI T 330 2%
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Proximate analysis, w/%

Elemental analysis, w/%

Moisture Ash Volatile

Fixed carbon

S C H o N

0.14 11.86 6.70 81.27

0.29 81.76 2.84 4.13 0.93
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Fig. 2 Standard Gibbs free energy variation curves of

AG®/(kJ+mol™)

nickel slag during reduction process
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Fig. 3 Effect of pre-oxidation time on oxidation degree of

nickel slag
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Fig. 4 Effect of pre-oxidation temperature on degree of

metallization of nickel slag
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Fig. 5 Effect of reduction conditions on degree of

metallization of pre-oxidized nickel slag
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Fig. 6 SEM images of reduction products of pre-oxidized nickel slag at different reduction temperatures after reduction for

60 min: (a) 900 ‘C; (b) 1000 C; (¢), (d) 1100 C
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Fig. 7 Effect of reduction time on average size of metallic

iron particles
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Fig. 9 Relationship between D" and ¢ of iron particles at

different temperatures
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Fig. 12 Schematic diagram of coal-based reduction mechanism of pre-oxidized nickel slag
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Fig. 13 Growth mechanism of metallic iron particles

during coal-based reduction of pre-oxidized nickel slag
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Growth Kkinetics of metallic iron particles in
coal-based direct reduction of pre-oxidized nickel slag

ZHANG Xin-yi, LI Xiao-ming, ZANG Xu-yuan, LI Yi, XING Xiang-dong

(School of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The coal-based direct reduction-magnetic separation is an important process to recover iron from nickel
slag. Improving the reduction characteristics of nickel slag by pre-oxidation and controlling the growth
characteristics of iron particles during the reduction process are the key points of the process. In this paper, the
pre-oxidation behavior of nickel slag and the influence of pre-oxidation conditions on the reduction process were
investigated using the oxidation degree and the degree of metallization as the evaluation index. The growth
characteristics of metallic iron particles during the reduction of pre-oxidized nickel slag were investigated by XRD,
SEM-EDS and Image-Pro Plus image analysis, and the growth kinetic model of metallic iron particles was also
developed. The results show that the phase containing iron in nickel slag can be changed by the pre-oxidation
technique which is benefit for improving the metallization ratio of the reduced products. The aggregation and
growth of metallic iron particles in the reduction products of pre-oxidized nickel slag can be accelerated as the
reduction time prolonging and the reduction temperature increasing. The average sizes of the metallic iron particles
increase from 8.32 um to 29.44 pm when the reduction time is extended from 30 to 60 min at the reduction
temperature of 1100 C. The activation energy and prefactor of iron particle growth in the reduction process of
pre-oxidized nickel slag are controlled by surface diffusion and iron particle migration are 14.591 kJ/mol and 3.341,
respectively.
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