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Abstract — Carbonization reactions were studied experimentally in thermogravimetric analyzer (TGA) and differential scan-
ning calorimeter (DSC), and the reaction kinetics obtained by serveral analysis methods were compared. The sample coals
were U.S.A. Clintwood (CW), Australia Goonyella (GY), and China Tianchen (TH) bituminous coal. About 10-15 mg sam-
ples were nonisothermally heated from°@0to 950°C in the flow of 100 mL/min He gas with various heating rates such as
1°C/min, 3°C/min, 5°C/min, and 10C/min. TGA data were analyzed by using the differential methods of Kissinger, Free-
man-Carroll, and Chatterjee-Conrad method, and integral method. DSC data were also analyzed by using the Borchardt-Daniel
method. The Chatterjee-Conrad method was the most effective method for the analysis of TGA carbonization data in these

experimental conditions. Activation energies of carbonization

reaction were calculated as 61.2-65.9 kJ/g-mol, and the reaction

orders were 0.92-1.29. For the DSC data, the activation energies of carbonization reaction by using the Borchardt-Daniel
method were 39.5-56.0 kJ/g-mol, and the reaction orders were 0.98-1.05. The carbonization heat requirement from a room tem-

perature to 1,000C were 828 J/g(CW coal), 823 J/g(GY coal),

and 1,077 J/g(TH coal).
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Table 1. Chemical analysis of sample coals
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Calorific value Proximate analysis (%) Ultimate analysis (dmmf basis, %)
Coal name Abbrev.
(kcal/kg) H,O ash V.M. FC. VMg C H o) N S
Tianchen TH 7,567 2.03 8.38 34.64 54.95 38.67 85.13 5.13 7.56 151 0.67
Clintwood CW 7,904 1.32 7.44 31.93 59.31 35.0 86.64 5.07 5.90 1.56 0.84
Goonyella GY 7,852 131 8.70 23.84 66.15 26.49 89.14 4.80 3.62 1.92 0.52
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Fig. 1. Weight conversion of Tianchen coal in the TGA.
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Fig. 2. The effect of heating rate on the conversion rate of carboniza-
tion reaction for Clintwood coal.
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Table 5. Rate constant of the carbonization reaction obtained by nonisothermal integral method

Heating rate Activation energy  Frequency factor x=1-exp[-a(T-c)’]
Coal name . L

(°C/min) (kJ/g-mol) (min™) a b c(K)

TH 1 31.2 0.678 1.37x18° 13.82 -879.0
3 22.8 0.325 2.39x 186 5.25 -25.9

5 25.5 0.664 8.60x18° 6.29 -99.5

10 23.2 1.114 1.60x 1P 5.30 -15.2

GY 1 355 1.781 1.34x 8% 41.71 -3,756.0
3 275 0.727 2.58x 186 8.27 -313.4

5 27.4 1.199 1.85%x 182 7.15 -163.1

10 30.0 4.459 4.43x10* 10.57 -521.5

CW 1 30.7 0.435 1.26x18° 6.70 -17.9
3 23.0 0.252 1.51x 183 437 123.6

5 23.2 0.440 6.27x 18" 4.49 110.4

10 24.3 1.182 1.14x 18P 5.06 52.6
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Fig. 10. Accumulated carbonization heat for Clintwood coal.
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Table 6. Accumulated carbonization heat from 30C to 1,000°C
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CW 828 1,062
GY 823 987
TH 1,077 1,424
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Fig. 11. Arrhenius plot for the DSC data of various coals.

Table 7. Kinetic values of sample coals by Borchardt-Daniels’s method

Coal Activation energy Order of Correlation

name (kd/g-mol) reaction coefficient
TH 56.0 1.05 0.980
GY 395 0.98 0.975
cw 50.4 1.03 0.967
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Fig. 12. Compensation effect for various coals.
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