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Abstract— Gasification of coal was carried out in a fluidized bed reactor(0.1 m-L.D.x 1.6 m-high} over a temperature
range of 1023 to 1173 K at atmospheric pressure. To understand the overall gasification reaction, the kinetic studies of the
steam-char and oxygen-char reaction were performed in a thermobalance reactor, and the pyrolysis of coal in a fluidized bed
reactor also was carried out. In the kinetic studies of coal char, the reaction rate equations could be expressed as
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" f
=kPo,, or 1,0 expL J(l -X)”

The activation energies of steam-char and oxygen-char reactions were found to be 27 and 40kcal/mol respectively in a
chemical reaction control region. For the pyrolysis reaction in a fluidized bed reactor, all gas components yields increased
with increasing the reaction temperature and fluidizing gas velocity. The product gases of the gasification reaction in a fluid-
ized bed reactor were composed of H.(30-40 %), CO(23-28 %), CO(27-35 %) and CH.(6-9 %), and the heating value of the
product gas was about 2000-3750kJ/m’ at employed experimental conditions. As reaction temperature and steam/coal ratio
increased, while as the air/coal ratio decreased, the heating value of the product gas increased.
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Table 1. Analysis of Australian coal and char preparation

Proximate analysis wt%, db  Ultimate analysis wt%, daf
Volatile matter 29.1 C 72.6
Fixed carbon 56.0 H 5.4
Ash 149 0 19.0
Heating value(cal/g) 6141 N 2.6

S 0.4

Ash analysis Char preparation

Si0;: 60.2 AlLO;: 26.8 Devolatilization temp.: 900 °C
Fe,0,: 7.1 CaO: 04 Soaking time: 30 min

MgO: 0.2 TiO,: 14 Heating rate: 10°C

K,O: 1.7 MnO: 0.1 Surface area: 4.2 m/g(N BET)
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Fig. 1. Schematic diagram of the fluidized bed reactor.
1. Water reservoir 11. Screw feeder
2. Masterflex pump 12. Coal hopper
3. Steam generator 13. Cyclone
4, Air flow meter 14. Condenser
5. Air box 15. Collector
6. Distributor 16. Dust filter
7. Bed 17. Condenser
8. Bed drain 18. Gas sampling bottle
9. Over flow 19. ID. fan

10. Freeboard
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Table 2. Experimental variables of pyrolysis and gasification

Variables Pyrolysis Gasification
Temperature( “C) 750-900 750-900
u/u,, 1.5-3.0 2-5
Coal feed rate(kg/h) 0.897 0.76-2.23
Air/coal ratio - 15-3.0
Steam/coal ratio - 0.63-1.26
Coal d (mm) (0.25-1.0 Sand d,(mm) 0.27
Static bed hight(m) 0.33 Sand u,(m) 0.11
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Fig. 2. Plot of conversiou fraction of coal char vs. time.

(a) combustion reaction(O, : .03 atm), (b) steam gasification reac-
tion(H,O : 0.5 atm)
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Fig. 10. Effect of steam/coal ratio on gas composition in coal gasifi-
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Table 3. Comparison of gasification of this study with previous studies
Foong et al.{17] Wakinson et al.[18] Saffer et al.[19] Park et al.[20] This study
Reactor tvpe Spouted bed Fluidized bed Fluidized bed Fluidized bed  Fluidized bed
Coal used Subbituminous  Bituminous Subbituminous  Bituminous Anthracite Subbituminous  Subbituminous
Gas composition(N, free, vol%) 770-870°C  860-940 °C 928 °C 898 °C 845-945°C 800-900 °C 750-900 °C
H. 26.3-37.6 274 34.6 16.7-27.1 27.5-42.9 32.5-444
CcO 16.7-28.1 - 459 249 22.5-25.0 25.5-36.9 23.7-31.3
Co, 37.6-54.8 24.4 36.8 45.7-58.7 18.5-46.4 26.6-30.8
CH, 2.2-4.2 23 37 2125 0.6-1.8 5354
Heating value(k]/m") 3000-3700 1500-2600 3940 3000 1890-3500 2000-5200 2000-3750
F& anthracites COF A3z #-8o] wl% 228 2 5 3lo A3HEol| whE g 4714 el gk Fig. 126f] vhebgich
o, o)7L FHe] ¥ Agke] kst whge| 2lxd A, o aelA & 4 glRe] dahgo] Suigtel ule} Hakgwd WA 7| H
o) cabon ol ol GriH o e o Pl T, udwre Zvlalehrl 3A Bashe qAS ¥ 4 ol o4 A
g MEb Hage] 2 P% el vlwH 7] shast v R hgo] o2 Rioll M= o alo o3t Arl dabgo] ulE-g 3}
dere] odpubge 1 2 E T A ] Wbz 2 Zl8lar glont, dghgo)] Z7)ghe] we} -27) 7L 45k ukso) o3k
G ek 53 WE15) v it ¥15:3 Fehel spouted bed e P R
g7l Rrh gt whee e fdat chebe) IR0 R SmEd e A7 Ae) Beders T 3 ez 4
U 55 wheolol vla vld Ot wel A, WE 5% Dok ma UDE WY A9} wedze] 2ok RR R Alehy
22 Qlgh 7H Al ARAI7S AR CHSY ¥4% &8 % 4 Yk off 23kwlo] ol Huhee] ¥ vl vl2d 3he 2 e Ao
T, vhae] welgke adee W BlAR] SE AR 2 olFe) Auvhas whe] AAvbs wredek W shade] ol v
al. MEEEeler Soll weh obrke] Aolo} glov), tHAOR 2000 whEE vfg 2 odake vlxi S ok 4 gk
4000ky/m'e} Wredaks 2k gl ov, &5 Frlol wket $2:37] 7ha8)
ubge] 2hsh 8 s whel WA IR AMTkae) ZotR 4.8 E
o wtedere Zobshe A% bl ek Pak S20j) 53
7}esh kg iol o) Hetvbas) Aabs ulmA Eo ubeleks =5 At shast ubg AukE vy $iste] AU ARk elA
Qo o178 AgE Fol kel by GRako] S15%(dry basis) O3, HO-29] Wb 2ALehed oo, $53 k7] ell4] AJEte]
2 epedFabgo] AHagE Aol v]E)(20-35%) A38] & el 2 e " 7kt vhgel di7t na-g S, g 2 dE
ol f7t sl & Aldle] AE e epA IS vla] H, F & Fdrh GAHA gl 02, H0-ae] wg-E wlwH
CO 28]3 CH8] %-§0] £3, COL 28o] Yo} AAlrpae] ale shrinking core 2.9 ¥F3-55 A5 A ajgto v, ofgo] ui34x ¥
Blid b & 5 gk o)zl msiael TlAMmIASI0PE WMo e £ gl
Admog opx dxurbgoz PAEE CO2 F8e] H7| Wi
dx n 23
) W7V F CO,CO, CHol 368 e “at = FPoyorino “p(_ RT ](1 %
olu}. wbetol) %4 ST Aae g
w8 Or3, H0-39] Wbl it $45} ol shehike &4
£ 20-35% HEw vl e ghe vhehde). Aol A 22t 27 9 40 kealmol®] S BTk $-5% k7)ol 4]
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ABI1%
E, : activation energy of the char-Q, reaction [kcal-mol ']
E; - activation energy of the char-H,O reaction [kcal -mol ']
k, : rate constant of combustion reaction {s ' atm ']
k. - rate constant of steam gasification reaction [s '-atm ]
Pu,0 : partial pressure of steam [atm]
Po,  : partial pressure of oxygen [atm]
T : temperature [K]
t : time [h]
w : mass of char [kg]
W, : mass of ash [kg]
W, : mass of char atere the completion of devolatilization [kg]
X : conversion of solid [-]
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