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ABSTRACT

An experimental study was performed for the combustion of coal mixture having the same
composition as the anthracite briquette in domestic use. A mathematical model was also
proposed and the results of theoretical analysis were compared to the experimental results.
The purpose here is to investigate the combustion®characteristics of the anthracite briquette

and to develop a relevant mathematical model.

Using a spherical sample, we measured the weight change as a function of reaction time
by virtue of a spring thermo-balance. Examined and discussed here are the effects of major
parameters on the combustion characteristics such as reaction temperature, flow rate of air,

and sample size.

A shrinking core model was established by taking into account the generation of carbon
monoxide on the surface of unreacted core, the oxidation of carbon monoxide in the ash layer
and the diffusional resistance through the ash layer as well as the external mass transfer
resistance. The result of model analysis reveals that, although the overall trend is in agree-
ment with the experimental observations, it would be necessary to improve the model by
considering the non-isothermal aspect of the combustion system.
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1. Quartzspring 2. Hard glass
3. Quartz rod 4. Cooling water inlet
5. Insulation 6. Electric heater
7. Thermocouple 8. Sample
9. Reactor (Quartz) 10. Cooling water outlet
11. Gas outlet 12. Preheater
13. Flowmeter 14. Gas inlet

Fig. 1. Schematic diagram of the quartz-spring
thermobalance used in the experiment
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Fig. 2. Typical cross-section of partially reacted
particles
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1.0 Table 1. Time for complete reaction at various
F\ 15O mi/min experimental conditions(Unit: min)
: K‘A 8C0O° ¢ AIR FLOW  TEMP SAMPLE SIZE, mm
> }- =Y RATE, m//min °C 10 15 20
S\,
| o5 \ €00 138
' . 50 800 129
- e ! 1. 000 111
- 2 D=10mm 5 E
. oD=13mm R 600 130 237 525
a D =20 mm T 100 800 125 227 495 (To<R?%
ot j\‘ﬁ i
R i 1. 000 85
O.OL N T v
0G 05 1.0 600 98 218 405
150 800 80 175 400 (Te<R?
Fig. 3. Ef i
ig Effect of the sample size 1. 000 65 or TocR2'S)
¥ mdlo] s} R0 e-L 2 9ol Table 200 600 180 330
Tole delrba o433 hg-Lxe og 800 170 320
S A S 58
3.3 ue2xe g¥ o] g&ukAl 7l HE T3t
A7 10mm o] A 85 A3t Fo1Y # ghsd 7] feke] AR LR Foo] F
S AT, o8 R4 A4TAE T glo] VEpA Sz, ¥ £Eo4 d4aFAlel
gto] Fig. 4¢] ZAFAch ko] A& A ole] & =& AL ArtEmd A od4ubde]
(50 m//min)¢] = ko] & (100 =+ 150 gaAs 2e Yu)ste Ao AL ®
m//min) ¢} Fe] ML E7 o 4&FAld B H
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o Rxn temp. :  © 600% ~ 80CQ% c 1000%
' AN
:R\% Flow rate N %
PR . 5 o N . . ‘
9 ;_ . = 50 ml/min §o 0O m!/min l \\\:\ i5C m!/min
i \ N ’, RN
1 0.50 A - R . NN
i ‘ . 2
| .\k..\ \E\\« d\\-\
—_ \_\ \—\\ ; g“\c
{ . V\"’\“\ : \&\
[ "‘q —\:\}"\T\ 1 A\;‘;\
0.0 ; N = Sl L ey
0.0 0.t 20 CEt 0.5 1.0

Fig. 4. Effect of the reaction temperature at various levels of the air flow rate
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Fig. 5. Effect of the air flow rate at various reaction temperatures
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Table 2. Parameter values used in the

numerical analysis.

Temperature : 600°C

Flow rate of air : 150m//min

Density (os) : 0.07mol/cm?

Void fraction(e) : 0.6

Rate constant for surface reaction (%) :
0.87cm/sec

Rate constant for oxidation of CO (%) :
7.54 X 10-%cmS/mol*-sec

Effective diffusion coefficient at 600°C
(Da = Dg) : 0.39cm?/sec

Mass transfer coefficient(kg4 = kqp)
case of a single particle in space : 3. 0cm/sec

case of a packed bed 1 0.7cm/sec
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Fig. 7. Comparison of the combustion curves determined by model analysis to that obtained by

experiment
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