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Kinetics of Iron Carbide Formation from Reduced Iron Ore in CO-H,-H,S Mixtures

Kazuyoshi Horil, Yoshiaki IGUCHI, Shoji HAYASHI and Takeshi MORIYA

Synopsis

: The rate of iron carbide formation by the reaction of completely reduced limonite with CO-H,~H,S mixtures of as=0.5 was gravimetrically
measured. The weight gain by the reaction was evidenced to directly correspond to the carburization, i.e. taking in carbon from the gas phase,
to form iron carbide by comparing the weight gain with the amount of carbon in iron carbides analyzed by Mdssbauer spectroscopy. The rate
was measured in the varied total flow rates and varied compositions of the reaction gas, and the varied weight and varied size of iron ore par-
ticles. It was concluded that the carburization rate on pore surface of completely reduced iron ore particles controls the iron carbide forma-
tion rate. By applying the integrated rate equation for the first order reaction to f, versus t curves, the carburization rate was evaluated. The
rate of the reduced limonite ore was much faster than the rate of a reduced hematite ore by the factor about 6. From the rate being nearly pro-
portional to pc,, to 80% CO, it was concluded that the main carburization reaction is CO+H,=[C]+H,0 and the rate controlling step is the
dissociative adsorption of CO molecules. The carburization rate decreased with increasing the reduction temperature but it hardly changed
with the carburization temperature because the rate was strongly dependent on the specific surface are of reduced limonite. The dependencies
of the rate on the reduction temperature for the carbide formation at 973K and on the carbide formation temperature from the reduced
limonite at 1173K were quantitatively discussed.

Key words : limonite; reduced iron; carburization; CO-H, mixture; H,S; iron carbide; weight gain; first order reaction; dissociative adsorption; kinetics.
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Table 1. Composition of iron ores used in this study (mass%).

Name T.Fe FeO SiO, ALO; CaO S C.W
Limonite A 57.2 0.13 5.68 2.77 0.1 0.024 9.7
Limonite B 61.8 0 2.5 1.7 0.07 0.03 6.7
Hematite A 68.23 0.42 0.89 0.43 0.01 0.003 0
Hematite B 69.13 0.14 0.47 0.76 0.01 0.001 0

C.W: Combined water
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Fig. 1. Schematic diagram of the experimental apparatus.
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Fig. 2. Typical curves for the weight gain and the varia-
tions of carbon contents in Fe;C, Fe;C, and free
carbon. Reduction: 1173K, 100% H,, carbide for-
mation: 973K, 80%CO-20%(H,+H,S) gas mix-

ture.
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Fig. 3. Influence of the sample weight on the carbide for-
mation rate. Carbide formation: 973K 80%CO-
20%(H,+H,S) gas mixture.
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Fig. 4. Influence of the particle size of iron ore on the
carbide formation rate. Carbide formation: 973K
80%C0O-20%(H,+H,S) gas mixture.
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Fig. 5. Influence of the gas flow on the initial and later rate
of carbide formation.
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Fig. 6. Influence of the reduction temperature on the
carbide formation. Carbide formation: 973K,
80%C0-20%(H,+H,S) gas mixture.
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Fig. 7. Influence of the carbide formation temperature on
the carbide formation.
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Table 2. Influence of the reduction temperature on the spe-
cific surface area. Crbide formation: 973K.
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Table 3. Influence of the carbide formation temperature on

the specific surface area. Reduction: 1173K.

873
1.43

923
1.45
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1.65
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Carbide formation temperature (K)

Specific surface area (mz/g)
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