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Abstract—The catalytic effect of K,CO; and Na,CO; on stream gasification of various coal chars has been
investigated in a fixed-bed type reactor under the atmospheric pressure. Activated carbon and 3 kinds of
coal chars obtained from Korean Jangsung anthracite, Chinese Tatong bituminous and Indonesian lignite
have been used as samples. Addition of alkaline catalysts such as Na,CO; and K,CO; to the samples has
lowered the reaction temperature by about 170°C for obtaining the same conversion as in the non-catalytic
case. The gasification process is well-described by the unreacted shrinking-core model, and the rates show
compensation effect as the samples are loaded with catalysts. In case of the Na,COs-loaded activated carbon,
the isokinetic temperature is about 1500 K. An increase in the catalyst loading enhances the reaction rate
and the CO,/CO molar ratio among products, but the rate and the ratio become almost constant above the
catalyst loading of 15 wt%. In case of the catalyst-loaded coal chars, activation energy of CO formation is

lower and selectivity for CO production is higher than those in the non-catalytic case.
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Table 1. CHN analysis of catalyst-loaded samples

Catalyst
Samples loadii;g ¢ H N
[wtd] (wi%]  [wt%] [wt%]
Jangsung anth. K*10 68.7 0.9 0.1
Tatong bit. K 10 70.5 1.6 0.6
Indonestan lig. K 10 80.9 14 -
Activated K 2 79.7 2.7 -
carbon K 5 76.3 2.7 -
K 10 70.6 2.6 -
K 15 60.7 33 -
K 30 51.0 31 —
*K: K2C03
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Fig. 1. Conversion with time of activated carbon with or
without catalysts.
(TZSOOGC f PH20:0.5 atm)
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Fig. 2. Stream gasification of coal chars under linear heat-
ing scheme.
(Heating rate=>5C /min, Pp,0=0.5atm, Catalyst
loading=10 wt% K,CO3)
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Fig. 3. Changes in the gasification rate with catalyst load-
ing.
(Sample =activated carbon, T=700T, Pu,,=0.5
atm)
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Table 2. Kinetic parameters in catalytic steam gasification
of activated carbon

Reaction  Activation Pre-exp factor

Samples order energy E, T a2
n [keal/mol] A A
Activated carbon 0.8 23 570 660
+ Na,CO; 4.8wt% 1.0 17 52 52
91wt% 1.1 16 44 41
13wt% 0.8 14 24 28
+ KCO; 10wt% 1.0 19 407 407

'Dimension changes depending on n.
2Values assuming that n=1.
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Table 3. Surface area of coal chars with or without cata-

lysts
Samples KoCO; loading  Surface area
[wt%] [m?/g]
Jangsung anth.(char) 0 4.7
*Jangsung char+ H,0 0 11
Jangsung anth.(char) 10 0.7
Tatong bit.(char) 0 18.2
*Tatong char+H,O 0 3.3
Tatong bit.(char) 10 1.0

* Reference samples to compensate for char agglomera-
tion due to wetting with water.
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Fig. 4. Conversion with time of various coal chars with
or without catalyst.
(T=900C, Puy,o=05atm, Catalyst loading=10
wt% KzCOz)
Curves in the figure are drawn based on the un-
reacted-core model.
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Table 4. Parameter values in the pover-law rate expres-
sion for catalytic or non-catalytic* steam gasifi-

cation

Samol Catalvst Reaction order Activati%n
mples atalyst ———————— energy E,
n(Pyo) N(char) [keal/mol]

Jangsung anth. Yes 14 0.7 21

No 2.2 0.6 18

Tatong bit. Yes 1.0 0.6 18

No 0.7 0.5 24

Indonesian lig. Yes 1.2 0.6 13

No 1.2 0.7 29

*Data for non-catalytic case are from Ref.[9].
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(Sample =activated carbon, Pu,=0.5 atm)
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(Sample =activated carbon, Pu,0=0.5 atm)
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