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Abstract—The effects of air flow rate, steam flow rate and reaction temperature on the products of coal
gasification were studied in a 3-inch atmospheric fluidized bed. Produced gases were analysed by a gas
-chromatography, and usable products(CO, H,), coal conversion and CO/CO,- ratio were correlated with the
experimental variables.

Concentrations of CO and H, in product gas increased with reaction temperature and flow rate, but decreased
with air flow rate. CO/COQ,-ratio increased with reaction temperature but nearly independent of steam feed rate.
Coal conversion was in the range of 60% to 80% on the ash-free basis, and it increased with air flow rate
and reaction temperature but independent of steam feed rate.
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Table 1. Properties of raw coal, char and ash.

Type of coal
Medium volatile bituminous coal
(Australia, Wollen Dilly)

Proximate analysis**

Raw coal
Moisture 1.76 wt%
Volatile matter 25.05 wt%
Ash 5.82 wt%
Fixed carbon 67.37 wt%
Char
Moisture 0.40 wt%
Volatile matter 23.56 wt %
Ash 10.89 wt %
Fixed carbon 65.15 wt%
Ultimate analysis of raw coal
C 85.99 wt %
H 5. 11 wt%
0 6.75 wt %
N 1.78 wt%
S 0.37 wt%
Ash analysis
Si0, 54. 27 wt %
AlO, 33.71wt%
Fe,0, 4.9 wt%
Ca0 3.90 wt%
50, 1. 40 wt%
Free-swelling index
Raw coal 3-1/2
Char 2
Coal particle size*?
Raw coal 0. 15 mm
Char 0.23 mm

*!' From KS E3705 method
? From log-normal probability plotting
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1. compressor 10. filter

2. rotameter 11. dryer

3. hopper 12. vacuum pump
4. screw feeder 13. gas mixer

5. reactor 14. orifice meter
6. ash receiver 15. storage tank
7. cyclone 16. heater

8. equalization tank 17. heater

9. heater

Fig. 1. Experimental apparatus.
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Table 2. Experimental conditions.

Reaction temperature 8007 —980C

5.63 cm/sec—17. 84 cm/sec
9. 03 cm/sec— 16. 03 cm/sec
1.0Kg/hr

Steam flow rate
Air flow rate

Coal feed rate
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Table 3. Operating conditions of gas-chromato -

graphy.
G.C.A G.C.B {for H,)
Injection temp. 130T 100TC
Detector temp. 200C 200
Column temp. 120T : 1st 90C
25C :2nd
Carrier gas He N,
Flow rate 8.4 ml/min 18.7 m! /min
Column dimension 2 ft x1/8” 13ftx1/8"
20 ftX1/8”
Filament current 150 mA 50mA

1st  Silicagel Molecular sieve 5 A

Packing (60/80 mesh) (80 Wt%)
. +
materials 2nd  Molecular Molecular sieve 13X
sieve 5A(10%) (20wt %) (60/80wt%)
+Molecular
sieve 13X (90%)
Carrier gas 54 psig 30 psig
pressure
Retension times of gases
Gas Retension time Gas Retension time
Air 127 sec CO, 300 sec
H, 420 sec 0, 673 sec
N, 802 sec Cco 1220 sec
CH, 1536 sec
Us=17. 83 cm/sec
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Fig. 2. Effect of temperature on CO gas con-
centration.

® U,—8.74cm/sec & U,=26.22cm/sec
O Uy,=17.48cm/sec & U,=34.96 cm/sec
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Fig. 6. Effect of air flow rate on CO gas con-

centration.
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Fig. 9. Correlation of CO conc. to steam, air
flow rate and temperature.
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NOMENCLATURE
C., C., Composition of CO or Hy, mol %
| S Steam feed rate, g/min
| Air feed rate, g/min
F, : Coal feed rate, g/min
aG : Gibbs Energy, Kcal
4H,,, : Heat of reaction, Kcal
R :  Gas constant, KJ/Kmol. K
RC . Regression coefficient
Reo cos Relative ratio of CO and CO,
SD . Standard deviation
S.T.P. Standard temperature & Pressure

HWAHAK KONGHAK Vol. 24, No. 4, August 1986



276 Rz LI EE o

T : Temperature, °c

T : Dimensionless temperature
(=T(K)/298(K))

U, . Air flow rate, cm/sec

U, : Steam flow rate, cm/sec

X :  Coal conversion percent, defined as

100 x (1 Char weight exclude moisture & ash
X (" Raw coal weight exclude moisture & ash’
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