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Fig. 2 Mass loss curves of different samples reduced with

hydrogen at temperatures of 50—1000 ‘C
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Table 1 Correlation coefficient of some mechanism function in gas-solid reaction
No. Equation fla) G(a) R?
1 Mampel Power (n=1) 1 o 0.9355
2 Mampel Power (n=3/2) 2/3a " o 0.9455
3 Mampel Power (n=2) 1247 o’ 0.9496
4 Jander 2D, (n=2) (1-a)"[1-(1-a)"*]! [1-(1-a)"*? 0.9763
5 Jander 3D, (n=2) 32(1-a)*[1-(1-a) ]! [1-(1-a)")? 0.9821
6 G-B 32[(1=a) =17 1-2/3—~(1-a)*? 0.9733
7 Anti Jander 3D 32(1+a)*[(1+a) P-17"" [(14a) " —17? 0.9356
8 Z-L-T 3D 32(1-a)*[(1—0) =17 (1) =177 0.9826
9 Avrami-Erofeev, (n=3/2) 2/3(1=a)[-In(1-a)] [~In(1-a)]*? 0.9864
10 Avrami—Erofeev, (n=2) 12(1-a)[-In(1-a)]™" [~In(1-a)]? 0.9871
11 Avrami-Erofeev, (n=3) 1/3(1-a)[~In(1-a)] 2 [~In(1-a)]* 0.9876
12 Avrami-Erofeev, (n=4) 1/4(1-a)[-In(1-a)] > [~In(1-a)]* 0.9880
13 Valensi [~In(1-a)]" o+(1—a)ln(1-a) 0.9654
14 Maple Single Rule 1-a —In(1-a) 0.9850
15 Shrinking Cylinder (n=1/2) 2(1-a)"? 1-(1-a)"? 0.9707
16 Interface Reaction R3 (n=1/3) 3(1-a)*? 1-(1-a)" 0.9782
17 Reaction Order (n=1/4) 4(1-ay* 1-(1-a)™ 0.9810
18 Shrinking Cylinder 2D (n=2) (1-a)'”? 2[1-(1-0)"*] 0.9707
19 Interface Reaction R3 (n=3) (1-a)** 3[1-(1-a)"] 0.9782
20 Reaction Order (n=3) (1-a)*? 2[(1-a) *-1] 0.9744
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Fig. 6 Plots of In{[-In(1-a)]*/7T*} versus 1/T for
(a) w(Fe,03)/w(NiO)=1:2; (b)
w(Fe,03)/w(NiO)=1:1; (c) w(Fe,05)/w(Ni0)=2:1
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Table 2 Apparent activation energies £ and pre-exponential

factors A at different proportions compacts reduction reactions

Mass ratio of Fe,05 to NiO  E/(kJ-mol ™) A
12 249.821 2.78x10"
1:1 289.773 1.66 X 10%
2:1 390.074 7.63 X107
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Fig. 7 Calculated values and measured values of reaction

fraction for different samples: (a) w(Fe,O;)/w(NiO)=1:2; (b)

w(Fe,03)/w(NiO)=1:1; (¢) w(Fe,O3)/w(NiO)=2:1
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Reduction kinetics of Fe,O3;-NiO composites for production of
Fe/Ni alloy using hydrogen under non-isothermal conditions

ZHANG Hai-pei"?, LI Bo"2, DING Zhi-guang"?, WEI Yong-gang"2, ZHOU Shi-wei'*

(1. State Key Laboratory of Complex Nonferrous Metal Resources Clean Utilization,
Kunming University of Science and Technology, Kunming 650093, China;
2. Faculty of Metallurgy and Energy Engineering,
Kunming University of Science and Technology, Kunming 650093, China)

Abstract: For the different mass ratio of Fe,O; and NiO, the non-isothermal kinetics of reduction process using
hydrogen as agent was investigated. According to the method of thermal analysis kinetics, combined with mass loss
curves of sample, the deoxidization kinetics of the sample in reduction of non-isothermal process and the best
mechanism function(G(a)=[-In(1-a)]*) for reduction process of Fe,03-NiO system in hydrogen atmosphere were
obtained. It is found that the reduction is dominated by the random nucleation and then growth process. The results show
that when the Fe,05-NiO mass ratio is changed from 1:2 to 2:1, the activation energies of reduction process increase
from 249.821 kJ/mol to 390.074 kJ/mol. With the content of NiO increasing, the initial temperature of reduction reaction
reduces gradually, the Kamacite(Fe, Ni) and the Taenite(Fe, Ni) gradually convert into the awaruite (FeNi;). The
particle-size of the product after reduction become, nonuniform. Based on the built mathematical model, the calculated
values of mathematical model and the measured values of reaction fraction are fit in well.

Key words: reduction kinetics; Fe,05-NiO; Fe-Ni alloy; mechanism function
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