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Indirect and Direct Reaction Rates and Acceleration Effect in Wustite-Coal Char Composite Pellet
Heated at Elevated Temperature

Fanming MENG, Masafumi HIURA and Yoshiaki IGUCHI

Synopsis : The weight loss curves of wustite—coal char composite pellet were measured and the rate is proved to be much faster than the overall rate of
the indirect reactions of reduction and gasification. The indirect reaction rates were calculated by substituting the rate constant of reduction
and the constant of iron catalyzing gasification estimated by the reduction of the waustite and the gasification of the char in electrolytic iron—
char composite pellet into the rate equation of the grain model. The large difference in the experimental and calculated weight loss curves
may be attributed to the direct reactions of wustite with char and carbon dissolved in reduced iron. The weight loss curves of the direct reac-
tion were gravimetrically measured m vacuum. The experimental weight loss curves were still significantly faster than the sum of the weight
loss curves of the calculated indirect reactions and the direct reactions in the later stage of the reactions of the composite pellet. It was rea-
sonably concluded that the significant acceleration effect of the close mixing of wustite and char 1n the pellet can be attributed to the direct
reduction of wustite with dissolved carbon in indirectly reduced 1ron.

Key words: composite pellet; wustite; char; indirect reaction; direct reaction; gasification; reduction; electrolytic 1ron; acceleration; grain model.
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Table 1. Composition of the raw materials used in this
study.

(a) Coal char (mass%)

Proximate analysis Ultimate analysis

Ash | VM F.C C H O.NS

279 | 6.17 | 91.04 | 88.28 | 0.86 8.07
(b) Iron ore (mass%)

TFe | SiO; | ALO; P S FeO | CaO
66.74 | 1.76 | 0.35 | 0.051 | 0.005 | 0.68 | 0.06
(c) Bentonite (mass%)

SiO; | Al,O; | Fe;03 | CaO | MgO | K;O | Na,O
67.52 1 1297 | 297 | 3.15 | 204 | 1.14 | 243
(d) Electrolytic iron (ppm)

C P S Si Mn
20 7 47 6 8
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Fig. 1. Reduction curves of wustite pellet and the calculat-
ed curves by the grain model.
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Fig. 2. Arrhenius plots of the gasification and reduction
rate constant for the grain model.
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Fig. 3. Gasification curves of electrolytic iron—char com-
posite pellet and the calculated curves on the grain
model.
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Fig. 4. Fractional weight loss curves of wustite—char com-
posite pellet and the calculated indirect reduction
and gasification curves on the grain model.
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Fig. 5. Classification of the reactions occurring in wustite—
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Fig. 6. Fractional weight loss curves of the wustite—char
composite pellet in vacuum.
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Fig. 7. Comparison of weight loss curves between experi-
mental and calculated results in taking into consid-
eration of the direct and indirect reactions.
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Fig. 8. Comparison of weight loss curves between experi-
mental and calculated results in taking into consid-
eration all of the direct reaction, indirect reaction
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