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Abstract — Lignite of low rank coal and petroleum coke of high sulfur content can be high potential energy sources for
coal gasification process because of their plentiful supply. The kinetic study of steam gasification has been performed in
an atmospheric thermobalance with wood chip, lignite, bituminous, anthracite, pet-coke. The effects of gasification
temperature(600~850 °C) and partial pressure of steam(30~90 kPa) on the gasification rate have been investigated. The
modified volumetric reaction model was applied to the experimental data to describe the behavior of carbon conversion
and to evaluate the needed kinetic parameters. Lignite and wood chip with high volatile content showed high average
gasification rates comparing to other fuel and thus they might be proper fuel for gasification processes. The activation
energies for wood chip, lignite, bituminous, anthracite, and pet-coke through Arrhenius plot were found to be 260.3,
167.9, 134.6, 82.2, 168.9 kJ/mol, respectively. The expression of apparent reaction rates for steam gasification of vari-
ous chars have been proposed as basic information for the design of coal gasification processes.
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Table 1. Ultimate and proximate analysis of fuel samples

Wood chip Lignite Bituminous Anthracite Pet-coke

Ultimate analysis (daf*)

C 50.63 64.11 81.56 92.38 87.42
H 6.40 4.57 5.07 322 335
N 0.00 0.55 1.67 1.22 1.03
S 0.00 0.03 0.49 0.36 6.84
O** 42.97 30.74 11.21 2.82 1.36
Proximate analysis

Mositure 19.20 11.56 2.29 1.17 1.36
Volatile 47.28 44.16 15.71 9.36 13.17
Fixed Carbon 10.87 36.22 49.69 60.80 81.00
Ash 22.65 8.06 3231 28.67 4.47
HHV, keal/kg 4,445 5433 7864 8462 8313
*Dry and ash free base

**by difference, HHV: higher heating value calculated by Dulong’s formular
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Fig. 1. The schematic diagram of thermobalance reactor.
1. Distilled water 8. Electrical balance

2. Micro pump 9. DC motor and winch assembly
3. Steam generator 10. Cold trap

4. Gas preheater 11. Vacuum pump

5. Sample basket 12. Gas regulator

6. Electric heater 13. Flow meter

7. Hatch
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3-1. Gas-Solids Reaction Models
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Fig. 2. Effect of partial pressure of steam on the gasification rate of chars from anthracite(#1), bituminous(#2), lignite(#3), pet-coke(#4) and

woodchip(#5) (T=850 °C).
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Fig. 3. Effect of temperature on the gasification rate of chars from anthracite(#1), bituminous(#2), lignite(#3), pet-coke(#4) and woodchip(#5)
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Fig. 4. Carbon conversion vs. time for the steam gasification of chars from anthracite(#1), bituminous(#2), lignite(#3), pet-coke(#4) and wood-
chip(#5) at various temperatures (Py,0=0.5 atm).
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Fig. 5. Specific reaction rate versus carbon conversion for the gasification of chars from anthracite(#1), bituminous(#2), lignite(#3), pet-coke(#4) and
woodchip(#5) at different temperatures (Pp,o= 0.5 atm).
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Table 2. Kinetic parameters for the steam gasification of various chars 4. 724 =2
(Pp,0=0.5 atm).
k(1/h) E Ayoro] o R Huj
z3) AN% d chip, 2%, 93 &, FAEL pet-
T(C) 600°C 700°C 800°C 850°C (kV/mol)  (1/h) O:“] ; ° jz] ] ifoo onp. ; O:a’ H S P
Woodchip  0.002 031 232 658 26034 1.19x10" C"k&j fr | oisl 5571 7h~shak o‘jf Tt o o 2;
= e} _J_ = o35 =51
Lignite 005 082 342 933 16787 6.04x10° Cxdia BTt 7RSS PRl 93 S5
Bituminous  0.01  0.15 030 113 13457 1.68x10° o, modlﬁed volumetric reaction modete 286109 7} 5hikg-©
Anthracite  0.05 009 026 077 8224  3.47x10° e ATE o5t kinetic E EESITh £ A el

Pet-coke 0002 002 015 045 16897 2.74x107 A BANRGQ) 527] 7 T} wosm szy| wol
o] EETE u}g_-i;_g_g Eﬂ 1"44/\]731 T Stk Aswes] du
T Hlo] 21491 wood chip TR dRel| HIE)] &2 7[AsSSE

S e o, giAgtedo] W 3hto] A2 FQIgk pet-coke
= 9 NSRS UERITE 4 vlo] euaE 3 T
=7 ] wizo]] 7F~sky gl A ghet A gt & 4= ATt Arrhenius plot
0 2RE G} UA]= wood chip, ZEE, %EP FAg pet-coke
o] thall Z+z} 260.3, 167.9, 134.6, 82.2, 168.9 ki/molZ 3T},
SR 99} 122 A8 A F 029, 029, 0.76, 0.95, 1.12% Y
ER} Aleke] Fago] ol s wigAl T SR & AlSlth

fr o

ok\

m

@ Anthracite Z} C‘)ig_p/] T ] 7}—}\§}'H}—Q‘Oﬂ EHE]— @W] I:‘]'o “lE}_\J % Xﬂ}\] O]'
M Bituminous A OUEI O]l—_ }\]—‘g‘ ] 7]'A§]'7] Uil 7]'é—§]' <) o’% glﬂol’ftﬂ 715—
-1 r A Lignite E]]O]E]-i /\]——g—UL = O]E]-.
X Pet-Coke
X Woodchip jml- AI‘
-2 ]
-15 -1 -0.5 0 0.5
INPyz0 B =52 KAIST 2= g Adr)yd R0z Fu)9gl

FUTh 2 AT 2271907 71 AIAR, iRk 417
Fig. 7. The effect of partial pressure of steam on the average reac- =H T FA7IA VISR, ALl A

tion rate for the steam gasification of chars from three coals, AR 7= (2006-N-CO12-P-03-3-050), A2 AAN2] =
pet-coke and woodchip (T=850 °C). AFo 7 Fa3t EXz)erAre] x| o g o] Fojz A-Ax}
RS E 2AKEI o Fig 79 Aelslitt Hauhe s = =
T/l vlellslel F7kshs 210® LRIt Log-log plot& AR7|E
ol-g-slo] dlolE| = v &o] ZpAshikgel thet REgA=
stlem 1 k& wood chip, A%, G, FA%, pet-coke®ll E : apparent activation energy[kJ/mol]
sto] 242+ 0.29, 0.29, 0.76, 0.95, 1.125% YR} A8k SH°] = k : average rate for full conversion levels, reactivity[1/hr]
oM E WA TFkE Ao UERTE 7] Fell o ko : frequency factor[1/hr]
gt 57] 7kAsbee] HEI| RS EE v o R HEd k(X) : specific rate[1/hr]
et n : reaction order with respect to solid
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t : reaction time[hr]

w : weight of char[kg]

W, : initial weight of char on dry base[kg]

W, : weight of ash component at complete burn-ofilkg]

X : fractional conversion of solid
J2[0|AZK}
o : parameters defined in eq.(4)

B : parameters defined in eq.(4)
b4 : dimensionless parameters defined in Eq.(2)
Q

: dimensionless parameters defined in Eq.(3)
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