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Abstract — Thermogravimetric analysis(TGA) was carried out for pyrolysis and char-CO, gasification of low rank
Indonesian ABK coal and China lignite. The pyrolysis rate was successfully described by a two-step model adopting the
modified Kissinger method. The shrinking core model, when applied to char-CO, gasification gave initial activation
energy of 189.1 kJ/mol and 260.5 kJ/mol for the ABK coal and China lignite, respectively. Thus, the char-CO, gasifi-
cation has been successfully simulated by the shrinking core model. In particular, the activation energy of char-CO, gas-
ification calculated in this work is similar to the results on the anthracite coal, but considerable difference exists when

other models or coal types are used.
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Table 1. Properties of two coals used in this study

Coal ABK coal China lignite
Moisture 9.2(0.0) 19.9(0.0)
Proximate analysis ~ Volatile Matter 35.0(38.5) 32.7(40.8)
(Wt.%, air-dry/dry) Fixed Carbon 47.4(52.2) 37.5(46.8)
Ash 8.4(9.3) 9.9(12.4)
C 74.1 69.8
H 5.0 5.0
Ultimate analysis (0] 6.9 11.9
(Wt.%, dry) N 13 0.7
S 35 0.2
Ash 9.2 124
HHV (kealkg, dry) 6488.7 6080.0
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Fig. 1. Typical TGA curves with various heating rate for the pyrol-
ysis of ABK & China lignite coals.
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Fig. 2. Kinetic analysis for the pyrolysis of ABK & lignite coals by
using Kissinger’s method.
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Fig. 3. Kinetic analysis for the pyrolysis of ABK coal by using 2
step model.
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Fig. 4. Kinetic analysis for the pyrolysis of lignite by using modi-

fied Kissinger’s method.

Table 2. Activation energy of coals using Kissinger’s method for pyrolysis

ABK coal Lignite
E (kJ/mol) 764 188.1

A (1/min) 1.5E+01 1.7E+09
Correlation coefficient 0.997 0.996
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Fig. 5. Comparison of experimental values with 2 step model.

Table 3. Kinetic values of two step model method for pyrolysis

]sl 2nd
Materal step e T.(°C)
A(1/s) E(kJmol) A(l/s) E(kJ/mol)
ABK coal 0.15 12.0 19.03 36.0 475
Lignite 20.32 37.1 0.43 16.7 464
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Fig. 6. Kinetic analysis for char-CO, gasification of ABK coal by
the modified shrinking core model.
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Fig. 7. Kinetic analysis for char-CO, gasification of lignite by the
modified shrinking core model.

Table 4. Kinetic parameters of char CO, gasification by the modified
shrinking core model

1 step 2 step
Materal T.(°C
ateral S Eddimol A (Us) E(dmon ¢(©)
ABK coal  20E+07 1891 0252 240 934
Lignite  7.0E+10  260.5 0.012 5.5 930
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Fig. 8. Comparison of experimental and fitted values with modified
shrinking core model for char-CO, gasification.
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Table S. Kinetic data for CO, gasification of coal-char

Authors Coal Activation energy E (kJ/mol)  Frequency factor A (1/min)  Reaction order n(-) Model
Sub-bituminous 355 0.57
Ochoa etal. [6] High volatile bituminous 333 822 Raﬁ:ﬁﬁﬁgﬁ?
394 0.58
Yeetal. [7] Australian low-rank 91.0 1,327 1/3 Heterogeneous
Sun et al. [9] Bituminous 239.0 - 2/3 Shrinking core
151.5 9.170x10°
165.1 2.676x10°
Zhang et al. [14] Chinese anthracite 1322 i;?gi }85, 2/3 Shrinking core
152.2 7.760x10°
201.2 9.783x10°
Ahnetal. [9] Sub-bituminous 71.5 2,902 2/3 Non-reacted core
This work ~ ABK (sub-bituminous) Lignite 189.1 2.0x 10170 2/3 Shrinking core
260.5 7.0x10
ol A S vIAA s Aow velsith 3, 75 3 B INF=AA k=

A
W Fig 83} o] AL AN vl AFT P,

T9eA el o] COo, 7RSS 700 °CAllA 1,100 °Ce] &%= A : pre-exponential factor[min~']
QoA 3P|l on], =& oA okrte] xjol= AN H| WA E : apparent activation energy[KJ/mol]
Z BAFE S-S 3l 4= 9)Qit) n : apparent reaction order[—]
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B : heating rate[K/min]
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