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Abstract >> We have investigated the kinetics and activity of waste catalysts for steam-lignite gasification. Waste
catalysts I, II, III and reference K,CO; were used and physical mixed with a coal. The gasification experiments
were carried out with the low rank coal loaded with 1 wt% and 5 wt% catalyst at the temperature range from
700 to 900°C using thermobalance reactor. It was observed that the carbon conversion reached almost 100%
regardless of the kinds of catalysts at 900°C. The shortest time to reach the designated conversion was obtained
for 1 wt% waste catalyst II and 5 wt% K,CO; at 900C. The gasification reaction rate constant increased with
increasing the temperature. Highest rate constant was obtained with K,CO; at 900°C. The lowest activation energy
was 69.42 kJ/mol for 5 wt% waste catalyst II. The waste catalyst had an influence on the reduction of activation
energy.

Key words : low rank coal(#]& 4%, lignite(ZEh), steam gasification (=57 7}243}), thermobalance( 8 214 7)),

kinetics(& &= 2)
Nomenclature t : reation time [hr]
w : sample mass at certain time [kg]

E : activation energy [kJ/mol] Wy  : initial mass of char on dry base [kg]
k : average reaction rate defined [hr'] Wash  : mass of ash [kg]
ky(X) : specific rate based on the remaining carbon X : carbon conversion

in the solid [hr']
R : gas constant [8.314 J/mol K] 1. M 2
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Table 1 Ultimate Analysis and Proximate Analysis of Coal
Proximate analysis Ultimate analysis Ash analysis
Moisture 17.89% Carbon 62.73% Si0, 30.60% KO 3.06%
\ﬁlatﬂe 36.93% Hydrogen 4.11% ALO; 4.03% P,0s 0.74%
tt
F;ezr Nitrogen 0.95% MnO 1.08% MgO 1.81%
Carbon 35.09% Sulfur 0.28% Ca0 37.10% TiO, 0.32%
Ash 10.09% Oxygen 21.42% Fe;0; 19.70% ZnO nd
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Table 2 Ultimate Analysis and ICP Analysis of Catalysts

[ Waste Catalyst 1

Waste Catalyst II [ Waste Catalyst III

Ultimate analysis

Carbon 13.147% 21.615% 6.258%
Hydrogen 1.781% 2.838% 0.839%
Nitrogen 0.376% 0.493% 0.312%
Sulfur 13.88% 10.44% 21.77%
ICP mass analysis
Iron (Fe) 0.345% 1.45% 0.73%
Nickel (Ni) 3.16% 3.3% 4.75%
Vanadium (V) 11.4% 11.8% 19.2%
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Fig. 1 The schematic diagram of thermobalance.

1: Distilled water, 2: Micro pump, 3: Steam generator, 4:
Gas preheater, 5: Sample basket, 6: Electric heater, 7: Hatch,
8: Electrical balance, 9: DC motor and winch assembly, 10:
Cold trap, 11:Vacuum pump, 12: Gas regulator, 13: Flow
meter
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Fig. 2 Carbon conversion of Coal with and without catalyst at 900°C
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Fig. 5 Arrhenius plots for each catalyst

Table 4 Activation Energy of Each Catalyst

25(T) 700 800 900 Catalyst (<=3} Activation Energy (kJ/mol)
Non-catalyst 1.6341 5.9074 9.8867 Non-catalyst 86.31
Waste Catalyst I 1wt% 2.0624 6.1786 11.5426 Waste Catalyst 1 (1wt%) 82.18
Waste Catalyst I Swt% 2.5369 6.3320 11.2882 Waste Catalyst 1 (Swt%) 71.13
Waste Catalyst II 1wt% 22737 6.8114 12.0574 Waste Catalyst 11 (1wt%) 79.72
Waste Catalyst II Swt% 2.6137 6.5367 11.2003 Waste Catalyst 11 (Swt%) 69.42
Waste Catalyst III 1wt% 2.2037 6.9038 11.5755 Waste Catalyst III (1wt%) 79.41
Waste Catalyst III Swt% 2.4439 6.7385 12.7871 Waste Catalyst III (5wt%) 78.86
Ko,CO; 1wt% 2.1176 6.0046 10.5265 KyCO; (1wt%) 76.59
K>,CO; Swt% 2.4228 7.9484 12.9672 KyCO; (5wt%) 80.41
>> ek W AeuAeta] =8
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