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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 steam gasification of lignite, anthracite, and pet coke has
been carried out in both an atmospheric thermobalance reactor and a lab-scale fludized bed reactor (0.02 m i.d. x 0.6 m
height). The effects of gasification temperature (600~900 °C) and partial pressure of steam (0.15~0.95 atm) on the gas-
ification rate and on the heating value of product gas have been investigated. The modified volumetric reaction model
was applied to the experimental data to describe the behavior of carbon conversion, and to evaluate kinetic parameters of
char gasification. The results shows that higher temperature bring more hydrogen in the product syngas, and thus
increased gas heating value. The feed rate of steam is needed to be optimized because an excess steam input would
lower the gasification temperature which results in a degradation of fuel quality. The rank of calorific value of the prod-
uct gas was anthracite > lignite > pet coke. Their obtained calorific value at 900 °C with 95% steam feed were 10.0 > 6.9
> 5.7 MJ/m’. This study indicates that lignite and pet coke has a potential in fuel gas production.
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Table 1. Ultimate and proximate analysis of fuel samples

Lignite Pet coke Anthracite
Ultimate analysis (daf*)
C 64.11 87.42 92.38
H 4.57 3.35 3.22
N 0.55 1.03 1.22
S 0.03 6.84 0.36
O** 30.74 1.36 2.82
Proximate analysis
Mositure 11.56 1.36 1.17
Volatile 44.16 13.17 9.36
Fixed Carbon 36.22 81.00 60.80
Ash 8.06 4.47 28.67
HHV, keal/kg 5,433 8,313 8,462
*dry and ash free base
**by difference

higher heating value calculated by Dulong’s formular
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Fig. 1. Schematic diagram of a miniature fluidized bed reactor.

1. fuel hopper 10. DC motor

2. screw feeder 11. air source

3. quartz main reactor 12. nitrogen source

4. furnace 13. water

5. cyclone 14. water pump

6. condenser 15. steam generator

7. gas samples 16. thermocouple

8. gas analyzer 17. thimble filter session
9. computer 18. sample collector
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Table 2. Experimental variables and their ranges

Variable Range
Average diameter of bed material, 0.3
sand, mm

Density of sand, kg/m3 2600
Diameter of coal, mm 0.5-3.0

Feed rate, kg/h lignite (0.15), pet coke (0.22)

anthracite (0.17)

600-850 at thermobalance
750-900 at fluidzed bed

30-90 at thermobalance
15-95 at fluidized bed

Reaction temperature, °C

Partial pressure of steam, kPa
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Fig. 2. Effect of temperature on the steam gasification rate with
coal and pet coke (P,=0.5 atm).
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Fig. 3. Arrhenius plot for the steam gasification of chars from three
coals, pet coke, and woodchip.



AHH} 524770l AEla} Petroleum Coke®] 571 71~3RkS-

Anthracite

50
S a0
=
o
g 30 —*=H2 Vol%
§ 20 ~8-C02 Vol%
g 10 - CH4 Vol%

0 == CO Vol%

15% 55% 85% 95%
PHZD
Lignite s/c=0.68

40
s
= 30
3 4/ ——H2 Vol%
g 20
S —#-C02 Vol%
a 10
g CH4 Vol%

0 —=CO Vol%

15% 55% 85% 95%
Puxo

30
25

15
10

gas composition

10

Gas composition

Pet-Coke

30 -

20

—*—H2 Vol%
—&-C0o2 Vol%
4/ CH4 Vol%
e =0 Vol%
15% 55% 85% 95%
PHZO
Lignite s/c=0.5
—*—H2 Vol%
—#-C02 Vol%
CH4 Vol%
=0 Vol%
15% 55% 85% 95%

Puzo

1019

Fig. 4. Effect of partial pressure of steam on the composition of product gas from the steam gasification of various fuels (Temp.=900 °C), (S/C: steam to

carbon ratio).

H2
_ 50
g
e 40
s 30 -
3
2 20
£ ~#= Pet-coke Vol%
o
bt 10 ~#= Anthracite Vol%
L
> 0 Lignite Vol%
15% 55% 85% 95%
PHZO

gas composition %vol

10

15%

co
== Ppet-coke Vol%
~#= Anthracite Vol%
Lignite Vol%
55% 85% 95%
PHm

Fig. 5. The concentration of CO and H, with the variation of partial pressure of steam for the gasification of the three fuels (Temperature=900 °C).

LR Alke] S0 ol s whS A S71eRs A0 ek
LT—T;].
AN .

3-4. HISZZ0| WE T71AS| MMIIAS| Y

TS AHrol7 A 5 RES71olA] ATeE Yl pet coke
5 7SN A A7) S A Egkem, 11 AYE Fig. 49
QoRslGitt. B Ane Aeolx W7 T Favt daksiea
BT} 5k A Ukt o) Wk ik 9l mo] a2 ol
57 EnEgo] o= = QY] wlitogtal Als et A
ERO 2 RE] Aozl 7Rt dkdgo] THE A UEliT 2%
900 °C, 757189+ 95%ellA 10.0 MI/m*S] A ¢Fd=k(LHV) 7}~
7} Qojxltt. Txlelx] Hizo] 7 7R FE Rl
w2} s S7FeRITE. At dAksheA ] Hos s et
o] 7, 44.5 L 27.2%, Z¥] H-, 34.0 E 20.5%, 18] 3L pet
coke®] 75, 25.8 9 13.6%0]31t}. Fig. 5ol 5ol whe 48}
Arkshekae] Y EEE 97] fA vt 757 1Ete] 55%
olatd wji= ZrkelA Aol A7 Y W s, Aaksieka
A HA|NE FETREO] 85%% Holzkd Flgk At
F o B2 A 9 dakslebaE Jla Qlok 314 pet coke® 7

TA W ArkslEA o] o] Hlw A YIT) 53] pet coked
o= AP el ~lellA sfo] 3 3l Fkie] B}

it

Y

[e]

rir

)
o

Table 3. LHV (kJ/m®) of product gas from gasification of various samples

at 900 °C
Py (atm) Anthracite Lignite Pet coke
0.15 35452 5630.2 868.3
0.55 6237.6 6387.5 2108.6
0.85 8890.4 7228.4 5130.3
0.95 10063.6 6937.0 5696.4
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M7=
E : apparent activation energy [kJ/mol]
k : average rate for full conversion levels, reactivity [1/hr]

k, :frequency factor [1/hr]

ky(X) : specific rate [1/hr]

n : reaction order with respect to solid
t : reaction time [hr]

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

W, : weight of ash component at complete burn-off [kg]

X : fractional conversion of solid

J2|o|A 2K}

o : parameters defined in eq. (11)

B : parameters defined in eq. (11)

U : dimensionless parameters defined in eq. (9)

Q) : dimensionless parameters defined in eq. (10)
s
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