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Table 1 Chemical composition of nickel slag (mass

fraction, %)

Fe, FeO SiO, MgO CaO ALO; Ni Cu Co S

39.40 49.68 32.50 9.70 1.20 2.30 0.4550.338 0.144 0.868

BT XRD W 1 fos. BHE L AT, BRE
W IR Fe,SiO, M (MgFe),Si0,, FAFED
2 FeNiS,.
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O f1Siju#&k, FHEAEDEM S, Mg Ml Al iEK. 46
Bl 1 AlHL, Fe DL FeSiOq JERKEAFAE, AR
R R BB .

@

B SEM & Kotz [ 1148 70t
Fig. 2 SEM image and element map distribution of
nickel slag: (a) SEM image; (b) Si; (c) Fe; (d) O; (e) S;
(B AL (2) Mg

& 2
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Fig. 1 XRD pattern of nickel slag
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Fig.3 Schematic diagram of experimental apparatus
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Fig. 4 Mechanism of acceleration of iron reduction from

nickel slag by CaO
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Fig. 5 Effect of CaO addition on metallization rate of reduced
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Fig. 6 Effect of CaO addition on FeO and residual carbon
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Fig. 7 Product composition calculated by FactSage under

different addition amounts of CaO
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Table 3 Composition of slag phase with different CaO
additions
w(Ca0)/ Mass fraction/%

Yo Fe SiO, CO Fe,Si04 FeO CaSiO;

27.14 2929 2728 845 1.66 1.18
3337 2723 2722 7.53 146  3.20

0
2
4 3411 2733 2529 6.66 1.37 5.24
6 3485 2742 2334 578 1.31 7.29
8

35.59 2751 2143 492 1.25 9.29
10 33.79 2794 2695 7.84 132 217
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Table 4 Calculated and experimental values of metallization

rate of reduced samples

Metallization rate/%

w(Ca0)/%
Calculated Measured
0 92.64 77.83
2 92.68 81.33
4 932 84.37
6 93.64 86.13
8 93.76 87.25
10 92.71 83.67

Fe A5 S E 10, [FEE R Fe,Si0, ML
BN 2 CaO FEIINE] 10%H], FEAMEAF]
Fe,Si0, T, Tk CaFeSi,Op WEMS TN . &
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L 5 [ ST, $emit i = reatb s, EJ5
RN EE RN IRQR). VM@ IR, RG)NER

AV

Fe,Si0,4+2Ca0=Ca,Si0,+2FeO 2)
FeO+C=Fe+CO 3)
CaO+2Fe,Si04+3C=CaFeSi,04+3Fe+3CO @)
2Ca0+Fe,Si04+2C=Ca,Si04+2Fe+2CO %)
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Fig. 8 XRD patterns of reduced nickel slag added with
different amounts of CaO: (a) 0% CaO; (b) 2% CaO; (c) 4%
CaO; (d) 6% CaO; (e) 8% CaO; (f) 10% CaO

min, &JEFIE SEM BN 9 For. B A 2
JRk. B CaO & M 0%H9INE] 8%, <& BBk R
SPIZHTIE R 2 CaO BT 4%I, HR AR

Fig. 9 SEM images of reduced nickel slag added with different amounts of CaO reduced at 1200 C for 35 min: (a) 0% CaO;

(b) 2% CaO; (c¢) 4% CaO; (d)6% CaO; (¢)8% CaO; (f) 10% CaO
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BRI TE RAFETE s 2 CaO S8 KT 8%M, 4kaliy
N CaO & B @ P B RAZ AN AW . AT CaO
I (LI 9(a)), 3 I 1A e J R AE S A 3R T T Al /b i
HEBUNOZEER . TN CaO J5 (W 9(b)~(D), &S
Yoeb < R SRR B U ER T, BRSO TR,
R AR e - RWIE R CaO W] LMt i, A

&5 B 9)TAE X EDS 2 Hr4h
Table 5 EDS analysis results of points shown in Fig. 9

[ 1430 i AN S B TR) 7Y, kA SR A, RN AR
BK o SEHGIR BEAE JE I (A 264, CaO & B M7
8% A LA AL I8 1) S5 i (13 iR K2R

B 9(e)h AN [F X I8 () EDS 40 #r4h A& 5 Fiow
BRETE 1200 'C. CaO & &N 8%5% M &) 35 min
FIAS =91 SEM AR R4 R 10 Bras, X4

Point 1 Point 2 Point 3
Element w/% x/% Element wl% x/% Element wl% x/%

C 3.27 5.92 C 14.32 37.84 Fe 100.00 100.00
(0] 45.35 61.61 S 32.00 31.66

Mg 1.09 0.97 Fe 53.68 30.50
Al 1.61 1.29
Si 24.85 19.24
K 0.39 0.22

Ca 10.56 5.73
Fe 12.88 5.01

Total 100.00 Total 100.00 Total 100.00

()
Fe
J K|
1 2 3 4 5 6 7 8 9
Energy/keV

BRI SEM # . EDS i K X i & A K

Mg Fe

& 10

Fig. 10 SEM image(a), EDS spectrum(b) and element map scanning distribution of reduced nickel slag
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Fig. 11  Average particle size of iron in reduced nickel slag
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Effect of calcium oxide on carbothermal reduction of nickel slag

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

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

Abstract: Aiming at the problem that iron exists in the form of fayalite and the difficulty in direct reduction of the
magnetic separation and recovery, the technical idea for adding CaO in nickel slag to improve the carbothermal reduction
rate and iron metallization rate of nickel slag was used. The additive and the nickel slag were mixed in proportion and
added with an appropriate amount of reducing agent, and they were reduced in a high temperature furnace. Combined
with the thermodynamic calculation and product characteristic analysis results, the mechanism and the reduction effect of
the additive strengthening reduction were studied. The results show that the addition of CaO can effectively promote the
dissociation of iron silicate, strengthen the reduction process, accelerate the reduction rate, change the morphology of the
metal phase in the slag phase, and increase the aggregation of metallic iron, which is beneficial for subsequent separation
and recovery. As the amount of CaO increases from 0% to 10%, the metallization rate of the reduction product and the
average particle size of Fe particles increases first and then decreases, with the changes of FeO content and residual
carbon amount being opposite. The added amount of CaO being 8%, the metallization ratio and particle diameter of iron
in the reduced product peak at 87.25% and 41.3 um, respectively. With the added amount of CaO being 8%, the
metallization rate and particle diameter of iron in the reduction products peak at 87.25% and 41.3 um, respectively.
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