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Abstract

For catalytic reactions with simple kinetics the effectiveness factor of catalyst pellet was expressed as a function
of the Thiele modulus and the latter was related to the reactant concentration at the center of the pellet. An
experimental method was developed to measure the reactant concentration at the center of the peilet as well as
the reaction rate and then actually applied to the methanation catalyst that was used in industries. Finally, the
experimental results were combined with those of the theoretical study to obtain 0.782 for the Thiele modulus
and 0. 835 for the effectiveness factor, both at 225°C, and 4.75 kcal/mo! for the activation energy in the
temperature range from 225°C to 300°C.
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Fig. 1. Geometry of the catalyst pellet.
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Fig. 2. Thiele modulus as a function of the reactant

conceniration at the center for various reaction
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. Reactant gas 2. Pressure regulating valve
. Pressure gauge 4. Needle valves
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5. Gas-tight syringe . Constant temperature unit
7

. Reactor 8. Septum for sampling
9. Soap film flow meter 10. Catalyst pellet
11. Teflon rings 12. Closed space
13. Reactant gas in 14. Gas out

15. To sampling syringe
Fig. 3. Schematic diagram of the experimental cpparatus.
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Table 1.

Reaction condition: 225°C, 2atm

T - ol 8q

Change in reacion rate as the reactant concentration varies.

Flow rate: 10ml/min at 16°C, 1 atm.
Run 1 Run 2
Component Remark
Input(mol %) | Output(mol %) Input(mol 9%) | Output(mol %)
CO 4.24 3.51 2.40 1.31 Ratio of CO
CO, 2.42 2. 46 1.37 1.38 Concentrations
H, 80. 54 78.17 89. 98 88. 36 =0.57
N, j 12.8 13.0 7.25 7.33
CH, —_— 0.80 —_— 0.51
H,0 —_— 0.80 _ 0.51
Volume change ! —1.58% —1.02% i
Reaction rate X107 Ratio of reaction
(mol CO/sec-g 1.143 0.734 rates=0. 64
catalyst)
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N, 11. 08 ‘ 11.25 © 11.51
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Volume change ’—1 66% —3.92%
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Reaction rate for CO, | 0 0.711
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Table 3. Various properties of the catalyst pellet.

Properties 225°C 300°C
: | 1
l(ile/ascetclgn rate constant ’ 0. 28 i 0. 525
|
(E‘Egec(tclr‘;f/gégﬁlswlty of " 8.6%107 1.5%10°
one¥face °
Thiele exposed | %00 58
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i po‘;‘ggs 0.782 0. 834
one face !
0. 274 0. 257
d
Effectiveness expose
actor i
ggpf)‘;ggs 0.835 i 0. 820
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