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Abstract — The catalytic activity of a salt mixture of potassium sulfate and nickel nitrate on the steam gasification of a bitu-
minous char at 650-85% has been measured in an atmospheric thermobalance reactor. The mixty®Opfakd
Ni(NO,), exhibits a synergic effect on the activity and the effect is more pronounced at low temperatures. Double the reac-
tion rate could be obtained at 630 with the mixed catalyst. Although the activity of the mixture does not reach that of
potassium carbonate which is known to be one of the best catalysts in coal gasification, the mixutre seems to be an eco-
nomically favorable catalyst material in coal gasification. Of the three different gas-solid reaction models to evaluate the
reaction kinetic parameters, the shrinking core model in chemical reaction controlled regime and the modified volumetric
model well describe the gasification behavior. The apparent activation energy of non-catalytic gasification was found to be
99 kJ/mol and that of catalytic gasification 84 kJ/mol. The effect of heat treatment temperature for preparing coal char on

the catalytic activity was also considered.
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Table 1. Analyses of Australian bituminous coal (as received basis)

Ultimate analysis (wt%) Ash composition (wt%)

Carbon 72.3 SiQ 65.50
Hydrogen 4.3 F, 2.24
Nitrogen 0.4 CaO 0.19
Sulfur 0.2 BO; 0.30
Oxygen 11.7 MgO 0.35
Proximate analysis (wt%o) TiO 1.50
\olatile 27.4 ALO, 27.94
Fixed carbon 57.2 N® 0.43
Moisture 7.1 KO 1.40
Ash 8.3 MnO 0.02
Cr,0O4 -
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Fig. 1. Time-conversion behavior of non-catalytic steam gasification
char according to the gas-solid reaction models @0250 kPa).
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Kim et al Lignite K,COs 5 700-800 1.0 119-176  TB Reaction order is zero

(2987) Catalyst gives compensation effect

Choiet al Carbon, Lignite, K,CO, 10 700-1,000 0.5 75-121 Fixed bed Kinetic parameters from gas conc.

(1992) Bituminous, Na,CO, measurement. Compensation effect.

Anthracite

Songet al subB K,SO+FeSQ 3,6 700-800 0.8 80-108 TB  The synergetic effect is better at high
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* TB = thermobalance, subB = subbituminous
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minous char with the pure and mixed catalysts (Ro=50 kPa).
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Table 3. Kinetic parameter for the catalytic steam gasification of coal char
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Fig. 7. The arrhenius plot for steam gasification of Australian bitumi
nous char with various catalysts (ﬁzO:SO kPa).
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Catalyst (pdKnond” E A
Author 1
Temp.£C) 650 700 750 800 850 (kI/mol) (h™)
< K None - 1 1 1 - 108 7.10E+05
(g;%;‘” m K,CO, - 2.1 1.7 15 - 80 4.00E+04
K,SO+FeSQq - 2.0 16 16 - 87 1.00E+05
None - 1 - 1 - 212 3.11E+09
Lee (1995) K,SO+FeSQq - 1.36 - 1.49 - 237 6.45E+10
K,SO,+Ni (NO3), - 6.46 - 4.04 - 174 1.60E+08
None 1 1 1 1
. . +i
. 076 w37 2.88) @z 10 99 3.09E+05
1 study K,SO,+Ni (NO3), 2.05 1.96 1.38 1.70 1.42 84 8.88E+04
K,CO, 5.40 4.48 351 3.39 2.10 62 1.44E+04

a: Ratio of average reaction rates for full conversion levels, Equation (9)
b: Average reaction rate without catalysg,j ht

Catalyst loading = 6 wt%

Song and Kim [1993]: Alaska subbituminous, HTT = 70080% HO

Lee [1995] & this study: Australian bituminous, HTT = 300 50% HO
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Fig. 8. Effect of HTT of coal on the catalytic activity for steam gasificatio
of char (reaction temperature=650°C, catalyst loading=6 wt%).
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