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Abstract—The catalytic effects of potassium carbonate on thé rate of steam gasification of an Australian lignite
char having mean particle diameter 0.3 mm have been investigated under the atmospheric pressure in a 5.5 cm
[DX100 cm height thermobalance. The effect of K,CO; concentration (1-5 wt%) and the reaction temperature (700°C-
800°C) on the rate of gasification have been examined.

The reaction orders with respect to carbon were found to be 2/3 for noncatalytic reaction and zero for K,CO;
catalytic reaction. The reaction rate increased linearly with the reaction temperature and the amount of K,CO, loading.
Activation energy decreased exponentially with the amount of K,CO, loading which has been correlated with the foll-
owing relation:

E=E°+8 exp(—7 + Cy)

Activation energies and frequency factors of the catalytic reactions were smaller than those of the comparable non-
catalytic steam gasification reactions which may exhibit the compensation effect in the reactions.
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Table 1. Proximate analysis of char sample.

As received Dry basis
(wt. %) (wt. %)
Moisture 6.8
Volatile matter 6.8 7.3
Ash 2.7 2.9
Fixed carbon 83.7 89.8

Table 2. Ash analysis in char sample.

Component Composition Component Composition

(wt. %) (wt. %)
Si0, 14.1 Ca0 8.19
AL, 11.79 MgO 13.91
Fe,0, 27.38 SO, 10.30
TiO, 0.45 Na,0 3.91
P,0s 0.04 K,0 0.67
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P : pressure gauge 7 : cold trap
R : relay 8 : drying tube
T : thermocouple 9 : gas pump
TC : temperature controller 19 - 8-port valve
V : variac 11 : electronic
1 : water tank balance
2 : micropump 12 : winch assembly
3 : water feed controller 13 : rotameter
4 : steam generator 14 : N, purge line
5 : heating block 15 : line to vent
6 : sample basket

Fig. 1. Schematic diagram of experimental appa-
ratus.
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Fig. 4. Effect of catalyst loading and temperature
on gasification rate.

K=K,+C\K, (7N
o} 7|4 K, & Arrhenius® el &=z oS3 7o)
vpebd o

2 wt% K500,
o 5
a3
o1
v 0
-3t -

Lo K (min-1)
-~
i

5} -

-6

i L A
0.90 0.95 1.00 1.05
103/T (K™Y

Fig. 5. Arrhenius plots for non-catalytic and
catalytic char-H,0 reactions.
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Table 3. Comparison of the constants of Eq. (9) with literature values.

Authors Material Pgo(KPa)  %K,CO;  E,(KJ/mol) E° B ¥
This Work lignite char 100 0-5 176.5 117.6 58.6 0.6
Wigmans et al. [14) active carbon 2.6 (in He) 0-17.1 260 144.5 120.0 0.1
Veraa and Bell [13] sub-bituminous coal 50 (in He) 0-11.1 205.6 150 50.0 0.1
Chin et al. {12) active carbon 85 (in Ar) 0-10.7 148 148 0 -
Huhn et al. [7] coke 100 0-6.7 159 142 17.3 2.1
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NOMENCLATURE

A : frequency factor, 1/min
Cx : catalyst concentration, 100 x g - catalyst/g-char
E : Activation energy, KJ/mol

EC® : asymptotic value of activation energy in Eq. (9),

KJ/mol

E, : activation energy of non-catalytic reaction,

KJ/mol
. coefficient of proportionality
. apparent rate constant, 1/min
. rate constant of non-catalytic reaction, 1/min
. rate constant of catalytic reaction
: order of reaction
. gas constant, KJ/mol-K
: reaction rate, 1/min
: temperature, K
. isokinetic temperature, K
. time, min
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16.

17.

18.

19.
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: sample weight, g

: initial sample weight, g

: sample weight at complete burn-off, g
: conversion

: coefficient of proportionality in Eq. (9)
. coefficient of proportionality in Eq. (9)
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