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Abstract— A fundamental investigation has been conducted on the combustion of single particle of a
sub-bituminous coal char burning at different temperatures and residence times. The lab-scale test setup consisted
of a drop tube furnace where gas temperatures varied from 900°C to 1400°C. A calibrated two color pyrometer,
mounted on the top of the furnace, provided temperature profiles of luminous particle during a char oxidation.
An amount of char mass reacted during the reaction is measured with thermogravimetry analyzer by using an
ash tracer method. As a result, mass and area reactivity as well as reaction rate coefficients are determined
for the char burning at atmospheric pressure condition.
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Fig. 1. Schematic diagram of char oxidation experiment.
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Table 2. Experimental conditions of coal pyrolysis

Fuel RM Coal

Main gas (I/min) Nitrogen 2

Carrier gas (l/min) Nitrogen 1
Pressure (atm) 1

Feeding rate(g/min) 0.09 (Sylinge pumping rate 7

ml/ min)
Residence time (seconds) 6.2
Setting Temperature(C ) 1300

Table 3. Experimental conditions of char oxidation

Fuel RM_char (120um)

Main gas (l/min) Air 4

Carrier gas (I/min) Nitrogen 1
. RM Oxygen concentration in

P t 16.8

roximate (Sub- RM_char bulk gas (%)

Analysis bitumi

ituminous) Pressure (atm) 1

Moisture(%) 12.62 142 Feeding rate(e/min) 0.03 (Sylinge pumping rate 3 ml/
Volatile(%) 46.65 521 g ratelg min)

Ash(%) 2.74 5.63 Residence time (seconds) 0.62 and 3.72

Fixed Carbon (%) 37.99 87.74 Setting Temperature(°C ) 900, 1100, 1400
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Table 4. Average particle temperature as function of gas
temperature

Rotomiddle char
Gas temperature [°C] 900 1100 1400

Measured particle
temperature [°C]

1504.9 1616.7 1710.1

Predicted particle

1329 1511.6
temperature [°C]

1888.2

3.5

w
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Fig. 5. Measured mass reactivities as function of particle
temperature for the Roto_char
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Table 5. A variations of kinetic parameters with reaction

orders
Apparent Reaction A E
Order (n) (g/cm2s)(atm)-n (kcal/mol)
0.5 0.0802 12.401
1 0.0249 12.877

Table 6. Kinetic parameters of two char samples (BYU
data) for an reaction order of 0.5 (6)

Char A E
(g/cmzs)(atm)-n (kcal/mol)
70um UT 1.8 14.8
70um Pitt. 0.7 12.3
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