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Abstract—Thermal analysis were conducted to characterize the pyrolysis and char-CO, gasification by measuring
the reactivities of different coal samples in a horizontal thermogravimetric analyzer. The tested coal samples were
Dong-Won anthracite, Australia bituminous coal and Pakistan lignite.

Nearly 80% of nonisothermal pyrolysis reaction is completed between 250°C and 600°C. Reaction rate of pyrolysis
is affected by reaction temperature, heating rate and coal properties. Measured activation energies of pyrolysis reaction
are 28.28kcal/g-mol for Australia bituminous coal and 11.18kcal/g-mol for Pakistan lignite.

Chemical reaction control region of nonisothermal char-CO, gasification reaction is between 500°C and 750°C.
The concentration of CO, gas does not influence on the reaction in the concentration over 6.2 x 10-5 g-mol/cm3 for
Dong-Won anthracite char and Australia bituminous char, and over 4 x 10-5 g-mol/cm?3 for Pakistan lignite char.

Measured activation energies of char-CO, gasification reaction are 29.4 kcal/g-mol for Dong-Won anthracite char,
16.39 kcal/g-mol for Australia bituminous char and 22.20 kcal/g-mol for Pakistan lignite char.
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Table 1. Chemical properties of sample coals.
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Fig. 1. Thermogravimetric analyzer used in these

experiments.
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Dong Won anthracite Australia bituminous Pakistan lignite

Moisture (%) 5.30 2.89 25.25
Proximate Volatile (%) 3.61 21.65 23.50
analysis Ash (%) 25.97 12.04 25.92
Fixed Carbon (%) 65.12 63.42 25.33
Ultimate Carbon (Wt%) 67.6 71.84 39.84
analysis Hydrogen (wt%) 1.04 4.08 3.28
(Moisture-free) Nitrogen (wt%) 0.22 1.48 0.77
Sulfur (wt%) 0.61 0.38 4.45
Si0, (%) 49.3 65.64 21.52
Al,0, (%) 33.6 32.12 18.67
Fe;04 (%) 6.74 0.7 29.73
Ash analysis CaO (%) Trace Trace 6.69
MgO (%) 1.59 0.26 4.50
TiO, (%) 3.28 1.04 1.56

K,0 (%) 4.05 0.4 0.4
Na,O0 (%) 0.31 0.08 2.93
Calorific value 5480 6950 3270

(Gross basis, kcal/kg)
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Ag AlEz shon, ofshwl ZlgERY 10~20m2/ g& 2E SRR A%
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Table 2. Total pore surface area and mean pore o}, o] Zzbo} vlawslH B AldolA] ol & d)e] Fuiale
diameter of various sample coals and tha AA] Jebded] o] AL s 2 Iwd Zau 4
chars by mercury porosimeter. BEE 3} A2 s o) wWahRos rtsl
Total pore Mean pore o}, 353 Al 3 A=A %% YL E Bolung
surface area diameter-area basis glslo] glubiol dhepo. =9l Tojglo) uldle] 3 o
i) ) getol gixiek 2ol 71 3EAH Wsbl BA vl
Dong Won
anthracite coal 5.4107 0.0135 &
(120/140 mesh) 3. wuew
Australia 3-3-1, dFal uikg
bituminous coal ~ 10.6852 0.0093 sl MEAIE o 15mgd AsAAlel Selya, 2
(120/140 mesh) 71 e 7| EF71E E947] 1A Aok mHE
Eakxstan Hslo], A4 50em?/ min $42.2 14]707bet
0t mesy 0 0.0101 Feinuich, ofuf S¥o] B 2Rl A9 A|2TAe
Dong Won e} 27lell = dojuRigh & qbA sk,
anthracite Char 14.2094 0.0097 Alge| ebgstet £917] 714 mAzp Fob wle) A
2201140 mesh) Ag shegsel wb 900CHA ¥l 5oz ia%
ustralia g = =
bituminous Char  19.9499 0.0092 oo A8 Rl sl wEel Add Aol 2
(120/140 mesh) ok, FlEEse] ogke ololmy] 9sted 0,125/ 0, 105
Pakistan mm Y73 Aels Agg 3lod 20, 40, 60, 80°C/
lignite Char 37.5762 0.00113 minZ 713452 WA spuia] Agsict,
(120/140 mesh) o7 el 9d8ke 8 7] 95kl 50°C/ mine) UH 7}

Table 3. Total pore surface area and mean pore diameter of Pakistan lignite coal and char by mercury

porosimeter.
Particle size Pakistan lignite coal Pakistan lignite char
(mesh) Total pore surface Mean pore diameter Total pore surface Mean pore diameter
area (m2/g) —area basis (um) area (m2/g) —area basis (um)
30/40 26.4833 0.0114 31.6153 0.0014
40/60 31.0432 0.0113 25.1503 0.0178
60/80 26.6062 0.0111 30.1896 0.0152
80/100 25.2157 0.0112 25.0636 0.0166
100/120 20.1605 0.0119 26.5510 0.0163
120/140 22.0608 0.0101 37.5762 0.0113
140/170 23.0237 0.0115 29.6536 0.0120
170/200 19.3084 0.012 24.4318 0.0160
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Fig. 2. Effects of particle size on the pyrolysis
reaction for Australia bituminous coal.
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Fig. 3. Effects of heating rate on the pyrolysis
reaction for Pakistan lignite coal.
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Table 4. Mean activation energy of pyrolysis reaction for various coals.

Coal type Heating rate Activation energy Correlation Mean activation energy
(°C/min) (kcal/g-mol) coefficient (kcal/g-mol)
80 27.78 0.997
Australia 60 29.57 0.979 28.28
bituminous 40 30.88 0.999
20 24.88 0.990
. 80 12.04 0.996
Pakistan 60 11.20 0.987 11.18
lignite 40 11.23 0.989
20 10.26 0.992
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Fig. 4. Effects of heating rate on the gasification
reaction for Dong Won anthracite.
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Fig. 6. Effects of particle size on the gasification
reaction for Dong Won anthracite.
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