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Abstract — Combustion characteristics of domestic anthracite coal were observed by high-pressure thermo-
gravimetric analyzer with variation of pressure (1~16 atm) and heating rate (15, 20, 25°C/min) with non-iso-
thermal method (temperature range : 25~1000°C). Measured combustion reaction rate increased with
increasing pressure. This result could be explained by the fact that the activation energy of coal combustion
decreased with increasing pressure. Reaction order of coal combustion determined by Freeman and Carrolt""!
method linearly increased from 1.04 to 1.30 and activation energy decreased from 47.37 to 14.42 Kcal/mol
as pressure increased from 1 to 16 atm.
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Fig. 1. Schematic diagram of ambient pressure thermogravimetric analyzer (TGA 2950).
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Fig. 2. Schematic diagram of high pressure thermogravimetric analyzer (TG-151).

Table 2. Properties of domestic anthracite coal.

Moisture 4.8

Proximate analysis (%)* Volatile mater 4.2

(Dry basis) Ash 30.9

Fixed carbon 60.1

Carbon 583

Elemental analysis (%)** E.yd”’ge" (')(5’
(Dry basis) itrogen .

Sulfur*** 0.3

Oxygen (by diff.) 6.2

Calorific heating value (kcal/kg)’ 4,530

*Proximate analyzer (MAC-400, LECO), **Elemental ana-
lyzer (CHN-1000, LECO), ***Sulfur analyzer (SC-432DR,
LECO), "Calorific analyzer (AC-300, LECO).
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Table 3. Summary of determined activation energy and reaction order with pressure.

Freeman and Carroll""" method

Activation energy [Kcal/gmol]

PI['C;;I]J]I‘& Activation energy Reaction  Kissinger'™  Chatterjee and ~ Satava''” Coats and Redfern'™ Ozawa""’
[Kcal/mol] order method  Conrad"* method method method method

1 47.37 1.04 31.55 49.42 66.88 63.16 55.86

6 18.34 1.11 30.04 14.66 2497 21.33 23.17

10 16.75 1.20 25.99 11.49 22.47 18.86 19.94

16 14.42 1.30 23.27 11.61 2248 18.29 17.18
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ABY1S
A :preexponential factor [min']
E  :apparent activation energy [Kcal/mol]
k : reaction rate constant [min™']
n : apparent order of reaction [-]
R : gas constant, 1.987 [cal/mol-K]
T : temperature [K]
t :time [min]
T, :initial temperature [K]
T, :temperature at dx/dt show maximum value [K]
T, :temperature at 1-x=1l/e [K]
W :instantancous weight of sample at time t [mg]
W, :initial weight of sample [mg]
W, :weight of ash in the sample [mg]
Wiy,o : weight of H,O in the sample [mg]
X : conversion [—]
JgjojA 2Xt
B :heating rate [°C/min]
0 ; T-T, [K]
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