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Catalytic Effect of Iron on the Carbon Gasification Reaction and Its Rate Constants
in Iron—Carbon Composite Pellet

Fanming MENG, Yoshiaki IGUCHI and Shoji HAYASHI

Synopsis : The rate of the gasification reaction of coal char— and graphite—electrolytic iron composite pellets were gravimetrically measured in CO-CO,

mixtures from 850 to 1000°C. The gasification curves of high accuracy were obtained by a combination of weight loss measurements and

carbon analysis by combustion method for reacted pellets. By applying the integrated first-order reaction rate equation to the curves, the ap-

parent gasification rate, k', was estimated. Based on the relation between effectiveness factor and Thiele modulus for the Langmuir-Hinshel-

wood type catalytic reaction in a spherical catalyst, the straight line relation between (/K'Y versus R? was extrapolated to zero R? to obtain

the intrinsic gasification rate. By comparing the intrinsic gasification rates for carbon—electrolytic iron, the catalytic effect of electrolytic iron

on the gasification is to increase the rates by the factors of 1.5~4.9 and 14.3 times respectively. The gasification rate parameters of the rate

equation, k=(koPco)/(1 +kPoothkPeo,), Were evaluated from the two series experiments in the following conditions. Series A:
Peot P =101325Pa, P, =(0.1~0.2)X 101325 Pa. Series B: Poo/Peo, =% PCO+PCOZ+PN2:101325 Pa, P =(0.1~0.2)X 101325 Pa. The
catalytic effect of the electrolytic iron was in good agreement with that of the iron reduced from a hematite ore, and the results obtained in

this study are applicable to the reduction of the iron ore—coal char composite pellet.
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Table 1. Composition of the raw materials used in this
study.

(a) Coal char (mass%)

Proximate analysis
Ash | VM { FC | ¢ | H | ONs
um 617 | 91.04 {8828 | 0.86 | 807

Ultimate analysis

(b) Graphite (mass%)
Water Ash le?

L <0.50 { <0.05 | >99.50

(c) Electrolytic iron (ppm)
c P S Si Mn
20 7 47 6 8
(d) Bentonite (mass%)
LSiO; AL Oy | Fe,04 CaO MgO KO Na,O
[iSZ 12.97 297 315 2.04 114 243
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Fig. 1. Reaction gas composition for the
estimation of kg, k,, and k. 08
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Fig. 2. Comparison of gasification rate
between the two kinds of pellets
(A: electrolytic iron+coal char;
B: iron ore+coal char).
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Fig. 3. Gasification curves of coal char—
electrolytic iron (C+Fe) or —silica
(C+Si0,) composite pellets with
3.5, 7 and 10 mm diameter.
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Fig. 4. Gasification curves of graphite—
electrolytic iron (G+Fe) or —sili-
ca (G+Si0,) composite pellets
with 3.5, 7 and 10 mm diameter.
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Fig. 5. Effect of the reaction gas composition on the gasifi-
cation rate of the coal char composite pellet.
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Fig. 6. Rate analysis of the gasification curves by the inte-
grated rate equation for the first order reaction.
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Fig. 8. Arrhenius plot for the intrinsic gasification rate of
the coal char (C) and graphite (G) in 20%CO,-CO
mixture.

Table 2. Comparison of the intrinsic gasification rate be-
tween (C+Fe) and (C+SiO,) composite pellets or
between (G+Fe) and (G+SiO,) composite pel-

lets.
Temperature keo/Ksioz

T/°C Char pellet*® | Graphite pellet

850 1.483 13.21

900 2.486 16.18

950 4018 14.20

1000 4879 13.50

Average - 14.27

* - 18.466+0.0234T(C)
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Fig. 9. Gasification curves of the coal char in the coal
char—electrolytic iron composite pellet in the three
compositions of CO~CO, system.
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