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Abstract — Char gasification is affected by operating conditions such as reaction temperature, reactants gas partial
pressure, total system pressure and particle size in addition to chemical composition and physical structure of char. The
aim of the present work was to characterize the effect of coal particle size on CO, gasification of chars prepared from
two different types of bituminous coals at different reaction temperatures(1,000~1,400 °C). Lab scale experiments were
carried out at atmospheric pressure in a fixed reactor where heat was supplied into a sample of char particles. When a
flow of CO,(40 vol%) was delivered into the reactor, the char reacted with CO, and was transformed into CO. Carbon
conversion of the char was measured using a real time gas analyzer having NDIR CO/CO, sensor. The results showed
that the gasification reactivity increased as the particle size decreased for a given temperature. The sensitivity of the
reactivity to particle size became higher as the temperature increases. The size effects became remarkably prominent at
higher temperatures and became a little prominent for lower reactivity coal. The particle size and coal type also affected
reaction models. The shrinking core model described better for lower reactivity coal, whereas the volume reaction model
described better for higher reactivity coal.

Key words: Coal Gasification, Particle Size, Kinetic Model, CO, Gasification, Volume Reaction Model, Shrinking
Core Model

To whom correspondence should be addressed.
E-mail: hwangjh@yonsei.ac.kr

372



7RSOl get A =) #-CO, 7R3} ik

LA B
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3-1. Al A

MEAF5= ASTM D 2013(Preparing Coal Samples for Analysis)
7ol wet A H 1o Z47+e] AdE2 Table 13 At A&
S R Al AdRR ARE Folv A3 ATE E8l 7}
228} RE3Ad 7 Bl 2k (%)e] Al Zpol7k vhs M| 28 AF Al
22 AA3AT. IB coal QlHAJoPke R BT 38.5%% L

St Rkl &b BE-S 7.2%% W el &3tch v Ml
coal> TFAFO R FHHE 29.7% % A 3ol &b 3R

Table 2. Sample size

Sieve No. (-) Size distribution (um)  Mean diameter (um)

T3}, No. 400 ~No. 270 37~53 45
VRM=Z 9]%7H(heterogeneous) HH-5-91 7}A-3 W3S 553 No. 21(1)(1; No. 11)0 IZA;N 12012 198(())
o P o = 5 No. ~No. 7 ~
(homogeneous) ¥HE-0.% HESHE R whS 7R Hel Wi No. 60 ~No. 50 250 ~297 274
Table 1. Coal and Ash Properties
Coals JB coal MI coal
Raw coal  char45 char 90 char 180  char274 Rawcoal  char45 char 90 char 180  char274
Proximate Analysis(dry basis, %)
Volatile matter 43.8 0.5 0.5 0.7 0.8 30.5 0.6 0.6 0.8 0.9
Fixed carbon 48.0 86.1 86.9 85.8 86.9 522 74.5 75.0 75.2 75.6
Ash 8.2 134 12.6 13.5 123 173 249 244 24.0 23.5
Ultimate Analysis(dry basis, %)
C 70.6 83.6 84.5 83.5 84.7 69.1 72.7 73.0 73.5 73.7
H 49 0.1 0.1 0.1 0.1 4.5 0.1 0.1 0.1 0.1
O 14.6 1.8 1.7 1.8 1.9 6.6 0.8 0.9 0.9 1.0
N 14 1.1 1.1 1.1 1.0 2.0 1.5 1.6 1.5 1.6
S 0.3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.1
Ash analysis(%, as oxides)

Si0, 30.4 54.1
ALO, 17.8 275
Fe,0, 11.8 43
CaO 11.7 6.0
MgO 3.6 0.5
Na,O 40 03
K,0 12 05
BET surface area (mz/g) 257 252 245 239 125 118 107 100
Messopore volume (cm3/g) 0.080 0.0731 0.0715 0.070 0.0490 0.0455 0.0432 0.042

*messopore : 1.7~300 nm
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Fig. 1. Schematic of experimental setup.
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3-2. MK
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Zt(Thermocouple) 4thE AAe130H 3= RES7] Ui 3
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CO,9 A5S Y3l 71~ £497](GreenLine 9000, Eurotron)E ©]-&-
It 7EE4 715 NDIR(EREATA 94) w24 o] Al 7 g2t
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3-3. A

7k8} A3 Fig. 29} 7o) 15 sl @A & Alx), 22
2 7hash SR FaEslo] SRR 02 AASIITH11,15]. A
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AT
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1CHA <---- ! Gas analysis
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Fig. 2. Diagram of experimental procedure.
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Fig. 3. X-time curve of JB coal(45 um) at 1000~1400 °C.
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Fig. 4. X-time curve of MI coal(45 pm) at 1050~1400 °C.
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Fig. 5. Reaction rate-X curve of two coals at 1100 °C, size=45 pm.
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Fig. 7. Comparison of Arrhenius plot of the reaction rate(k): (a) JB, (b) MI.
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