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Reaction Rate of Methane Formation for the Catalyst of Reduced Iron

Pellets

Fengman SHEN, Reijiro TAKAHASHI and Jun-ichiro YAGI

Synopsis :

The methane formation reaction plays an important role in the ironmaking and the chemical processes.
However, the reaction rate has not been studied enough for the catalyst of porous reduced iron pellets at

elevated temperatures and pressures.

In this paper, various parameters affecting the rate of the reaction

was investigated in the wide ranges of temperature and pressure for clarifying the mechanism and the rate

parameters.

It is consequently found that the reaction rate increased with the increase in the total pressure and the

rate was suppressed by carbon dioxide.

As for the temperature dependence, the reaction showed the high-

est rate at about 873K and the rate decreased in the temperature range over 873 K, because the CHy

formed by the methanation reaction reacted with CO; to form CO and Ha.

The effect of the pore structure

of reduced iron pellet on the reaction rate can be described by considering the effectiveness factor.
The apparent activation energy and the frequency factor for the rate of methane formation reaction were

determined from the experimental data.
ence.

The expression of the frequency factor contains pressure depend-

Key words : methanation; reaction rate; rate parameter; reduced iron pellet; catalyst; high pressure; CO;

effect ; effectiveness factor.
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1. Heating tube 8. Recorder
2. Alumina balls(5 mm®) 9. Mass spectrometer
3. Drain tank 10. Catalysts
4. Silica gel 11. Alumina perforated plate
5. Pressure controller 12. Alumina tube
6. Thermocouple 13. Stainless tube
7. Gas sampling tube 14, Electric furnace
Fig. 1. Schematic diagram of experimental appar-

atus.
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Fig. 2. Comparison between standard and observed
gas composition.
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Table 1. Experimental conditions.
Temperature T (K) 673~1273
Pressure P (MPa) 0.13~0.81
Composition of inlet gas
2,/ %CO (=) 90/10
CO; concentration (%) 0.0-10.0
Height of bed H (m) 0.03

Catalyst A and B (Reduced iron pellet)
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Table 2. Properties of the reduced iron pellet as catalyst.

Reduction Reducing Apparent . Specific Averaged
Cat. temp. gas density Porosity surface area pore dia.
(K) (kg/m®) (%) (m%/kg) (t2m)
A 1273 H, 2.79%103 58.8 61.8 3.5
B 1073 Hy 2.74%x10% 60.0 188.2 1.2
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Fig. 5. Effect of pressure of the rate of methane
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Fig. 6. Effect of pressure on the apparent rate
constant of methane formation reaction.
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Fig. 8. Change in CO, concentration at the top of
the bed with temperature and pressure.
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Fig. 9. Effect of CO, addition on the methane
formation reaction.
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Fig. 10. Effect of temperature on the methane
formation reaction.
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Fig. 11. Comparison between reaction rates per
unit area for the catalysts A and B.
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