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Development of Cellular Automaton Method for Simulating the Coke Gasification in a Pore

Yoshiaki KASHIWAYA, Kenichi OSASA, Koichi FUKUDA, Kenji Kato and Masaaki NAITO

Synopsis : The gasification reaction of coke in a pore was simulated using a cellular automaton method, which was mainly used for the simulation of so-

lidification of steel. It was an adequate method for simulating the phenomenon that the reaction interface was changed with time.

Using the developed cellular automaton simulation program, the gasification in a pore of coke was simulated.

The simulation conditions were from 1000 to 1400 K for the two kind of pore diameter, 500 um and 50 um. Based on the Chapman—En-

skog equation and the experimental result of Shigeno, et al., the diffusion coefficient was estimated for two kinds of cokes (m-coke and f-

coke). The rate constants for gasification reaction were used on the basis of the results of Kashiwaya, et al.

The chemical reaction control was dominant in the pore of 500 um below 1200 K for m-coke and the diffusion control was over 1400 K.

For f-coke, it could be considered as the mixed control in the pore of 50 um from 1000 to 1400 K, which would be changed from the calcula-

tion condition such as a depth of pore, while it was obviously decided as the diffusion control over 1400 K.

Key words : gasification simulation of coke; gasification in a pore; cellular automaton; Thiele modulus.
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FE 1 em DB TR - L 72 (#%h, Fig.15~17).

Diameter of pore : Dp=500 um-50 um,

- L=10000 gzm (1 cm), 1000000 zm (100 cm)

Outer diameter of the coke: D, (D, =\/5 -Dp)
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In the pore (3) Solid cell (C)
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- Ai r Eﬁgz’ z=0, P =0.7, Pc,,=0.3 (at the top surface of pore) -+(3)
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%/—) = N
— WIS (at t=0) :
[ Reaction interface |
(a) (b) (©) Py =1.0  (in the pore):« - -eswrersressssssssssisisninns (4)
Fig. 1. Illustration of pore structure in the cylindrical coke )
and mesh structure for calculation. Py =0.7, Pep =03 (inthe bulk):-rrrrrrrrrrrrrrrrrreeeeee (5)
Table 1. Calculation conditions.
(@)(L=1cm)
Amount of | Pore Amount of
Dp D, NR Dy/NR NZ | carbon(g)in | size Dy NR Dy/NR NZ carbon (g)
(wm) | (um) (um) tem | qum) | ®m™ (um) in lem
500 707 7 71.4 140 4.337x107 500 707 14 50.5 280 4.337 x10°3
50 70.7 7 7.14 1400 4.337 x10° 50 70.7 | 14 50.5 28000 | 4.337x10°
(b) (constant carbon)
Dp D, NR Dy/NR NZ L Amount of carbon
(um) | (um) (um) (cm) (@
500 707 71.4 140 1 4.337x1073
50 70.7 7.14 140000 | 100 4337 x103
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;ﬁ@?ff\ﬁkﬁtiﬂl(De[jﬂi , Cussler’’i2&>7T, UFD&kIC
*zEhs .

P, P+P

Dey " Deyy
A LT
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1 1
I)] —_
De,, De,,
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1 1
P2 —_
De,, De,,
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De,,De, De,|,De,, De|;De,,
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P+P P
De,, De,,

P I P, I P

i De,,De,, De,,De,, De,;De,, ]

ZZT, ThZhl, 28X 031, CO, CO,BLUN,H
2 %FY, “ILROEHIZB VT D,#D, Thb. D, &
D,, 1%, ‘main term’ & WX, “ILROILEBRK L LA
ERUCMEAERT, 4, D,& D, &, ‘cross term’ &I
ALY A=LD%UFTH 5,
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5 291, Wicke—Kallenbach 4 FC, B¢k o —
27 Z (m-coke) & K 3 — 2 Z (f-coke) DL ENFREY & 2
L7z, AWIE T, ZOFEHR & Chapman-Enskog (C-E)A T
B U222 i U T, A8 7 m-coke & f-coke (24§
5 A SR B & P U 72 (Fig. 2). I 51, Ar-HesR,
CO-CO, R THERL , c,De, DIZ LI L= TTT, i3,
=2 ZOMEISER S 5/855 4 — 2 Th B, DD
C-EXAT, [EDR (Ar-HeR, CO-CO,R) DffizRL
7z. Ar-He RO, CO-CO,ROMEIZILELL T, #4715
KREOH, BERAAEIZIESHLETHS, THISHLT,
Ar—He 52 D m-coke DJLER B, 1/186TH 1, f-coke D
U, V144 LIEFITNE L, BT — 2 205 LAE
P — 2 ZI2HRTRHRD/NENT L E2FERL TWD,
1000°C %8 Z % &, Ar-He R7x & DA A FFPHAIZ W
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ZZTIEEam L vy, ZORTT -7 205 IUEZ
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Table 2. Parameters for Chapman—Enskog Equation.

Molecule (i,j) Ox10m elk, K)
N, 3.798 71.4
co, 3.941 195.2
co 3.690 91.7

m-coke, f-coke; Shigeno.et.al.

~—, C-E Theo!
05} DI\r-He / i
of Deoco m-coke'I ]
K %M ]
15 X o2 ]
o B |
- Z z
25} === 0.006D, o, 1

log(Di-j)

=

-

3 ! . L
24 2.6 2.8 3 3.2 34
log(T)

Fig. 2. Comparison of diffusion Coefficient among Chap-
man—Enskog Equation, Shigeno et al.?® and the se-
lected data in this work.
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01

log(D;;)

0.01 |

) 0.006D0 coz
C-E m-coke f-coke

From Shigeno.et.al.
Kind of Diffusion coefficient (a.u.)

0.001

Fig. 3. Diffusion Coefficients for m-coke and f-coke se-

lected in this work.
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11

0.01

= - : . :
b 1000K, 500pum l:’ 1000K, 50um

> 0.8 < 2 ]
I3 m-coke 0.008

2 E m-coke,

© 08 0.006 [ 1
e S

‘5 04 f-coke ‘S 0.004 [ / f-coke 1
5 o

g 02 S 0.002 [ / b
E ©

w [

| ! !
2000 4000 6000 8000 500 1000 1500

- o
o

o
2
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O
[2 o8 > 0.008
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K] 5
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3 e
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Fig. 4. Comparison of Fraction of gasification reaction, X
at 1000K and 1200K.

1000K : 500 um (X, t=1000s)— 50 um (X, t=325s): 32%
1000K : 500 um (X, r=4100s)— 50 um (X, t=700s) : 17
1200K : 500 um (X, t=600s)—* 50 um (X, t=60s): 10f%)
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