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Effects of MgO Content and Temperature on the Reduction Rate of NiO-MgO Solid Solution by Hydrogen

Katsuhiko Taxanasuy, Minoru Asapa and Masahiro Kawakami

Synopsis : In order to obtain proper reduction conditions of the pellets of NiO-MgO solid solution, some pellets were prepared by
the sintering of the NiO powder containing MgO of 0 to 20mol% and reduced by H, over a temperature range of 873

to 1373K.
The results were summarized as follows.

1)The reduction rate of NiO containing MgO was decreased with an increase in MgO content at lower temperature
than 1073K. In addition, the reduction mechanism of the pellets changed from the topo-chemical reaction to the
homogeneous reaction with an increase in MgO content. However, at higher temperature than 1073K, the reduction
rate of NiO containing 2.5mol%MgO was higher than that of pure NiO.

2)The reduction mechanism of the pellets could be explained by the unreacted core model at higher temperature than
1073K. The chemical reaction rate constant, kc, was decreased with an increase in MgO content, and the activation
energies of kc increased with an increase in MgO content. On the other hand, the maximum of the intraparticle
diffusion coefficient, De, was obtained at NiO containing 2.5mol%MgO.

3)The effects of MgO on the reduction rate were discussed, referring results of the reduction rate of the wustite

containing MgO.

Key words : NiO-MgO solid solution ; hydrogen reduction ; reduction rate: morphology of reduced Ni; chemical reaction rate

constant ; intraparticle diffusivity.
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Fig. 1. Schematic diagram of the experimental
apparatus.
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Fig. 2. Reduction curves of the pure NiO.
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Fig. 3. Effect of MgO content and temperature on
the reduction time, tos, of NiO containing

MgO.
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Fig. 4. Cross sections of the pellets reduced par-
tially.

Table 1. Results of cross section of partially reduced
the pellets.

Reduction Nominal composition

temperature 09 MgO 2.5% MgO 5% MgO 10% MgO 20% MgO

1373 K T T T
1273 K T T T T Z
1173 K T T T T H
1073 K T T z Z H
973 K Z Z H H —
873 K H H H - -

. topo-chemical reaction
. zone reaction
. homogeneous reaction
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Fig. 5. Graphical analysis of the reduction rate of

NiO containing MgO reduced at 1273K
according to equation (1).
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0.30 T T —T T Table 2. Temperature dependence of chemical reac-
tion rate constant and intraparticle diffusion
coefficient.
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