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Abstract—Steam gasification of three different coal chars and activated carbon has been carried out in
a fixed-bed reactor under the conditions of 650-1000C and 0.1-0.7 atm of steam. Three sample coals are
Korean Jangsung anthracite, Chinese Tatong bituminous and Indonesian lignite. The gasification rate, estima-
ted from G.C. analysis of the product gases, increases initially in parallel with the surface area of the reacting
char, reaching the maximum when the carbon conversion is about 5-15%. Mechanism of the char gasification
is well represented by the unreacted shrinking-core model. Chars of the lower-rank coals exhibit relatively
fast gasification rates at low temperatures, but the bituminous coal char shows a significant increase in
the gasification rate at higher temperatures. The CO,/CO and H»/CO molar ratios among the products and
the activation energy of CO formation decrease with increasing rank of the sample coals.
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Table 1. Chemical and physical analysis of coal samples
Sample Active carbon Jangsung Tatong Indonesian
Analysis A® B* Raw coal° Char? Raw coal Char Raw coal Char
Coal rank X Anthracite Bituminous Lignite
Proximate Moisture N/A® 11 N/A 7.0 N/A 194 N/A
analysis Volatile matter 11.0 1.0 0.6 272 7.9 39.1 04
(wt%) Fixed carbon 89.9 72.1 74.6 576 715 395 85.0
Ash 0.1 25.8 248 8.2 20.6 2.0 14.6
Ultimate/ Carbon 91.2 86.0 94.7 93.6 79.6 89.1 75.1 88.5
Analysis Hydrogen 34 30 15 2.2 4.2 2.0 31 1.7
Dry Ash Nitrogen - - - 0.5 0.6 0.7 0.9 -
<Free, wt%) Oxygen 54 11.0 38 3.7 14.6 8.2 20.9 9.8
Surface area 728 629 5.0 4.7 169 18.9 0.85 3.0

N: BET (m¥*g)

2Sample before heating, ® Sample after thermal treating(150-900C, 5C/min in N, 100 sccm), Parent coal, ¢ Coal char
after the pyrolysis(RT-900T, 5C/min in N; 100 sccm), *Not appeared (Using dried sample, i.e., dry basis),/ The samples

were not analyzed for sulfur.
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Fig. 1. Schematic diagram of gasification unit.

1. Reactor 6. Flow meter
2. Furnace 7. Thermocouple
3. Integrator 8. Filter

4. Cold trap 9. Sampling port

5. Temp. controller
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Fig. 2. Reactor assembly made of Cajon Union.
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Fig. 3. Weight loss of sample coals during TGA and DTG
(Heating Rate=10°C/min).
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Fig. 4. C, gas production during pyrolysis of sample coals
(Heating Rate=10°C/min).
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Fig. 5. Production of gases in steam-char gasification of
different carbon species(T=900°C, Pu,0=0.5 atm,
X in the figure denote conversion).
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Fig. 6. Variation in the steam-char gasification rates with
conversion(T=900°C, Py,c=0.5 atm).
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to conversion(T=900°C, Py,,=0.5 atm).
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Fig. 10. Changes in the gasification rates with temperature
(Sample=Indonesian lignite, Py,0=0.5 atm).
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Table 2. Parameter values of gasification rate[Eq. (4)]

Parameter Reaction order® with Reaction order with Activation energy Pre-exp factor®
Sample respect to 1-X., N [-] respect to Puy, n [-] E*[kcal/mol] A! A?
Jangsung 0.6 18 104 43
Tatong 0.5 24 488 608
Indonesian 0.7 29 7252 6261
Activated carbon 11 23 570 660

“Mean value of each condition, 'Dimension changes depending on n, ?Values assuming that n=1

Table 3. Gas composition of activated carbon-steam gasi-

fication
Gasification ~ Gas for- H; ' CO!' CQ,! CH,!
condition mat'n rate Vol% Vol% Vol% Vol%
700C Py 2.1 705 237 46 1.2
800 34 613 312 55 20
900 05atm 19.2 584 355 41 2.0
T 0.1 5.0 616 327 47 1.0
900T 0.5 19.2 584 355 41 20
0.65 37.9 558 384 44 14
'X.=02-04
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Fig. 12. Changes in the CO,/CO product mole ratio with
temperature.
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Fig. 13. Arrhenius plot of the CO production rate versus
temperature.
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