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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 1400K for the two kind of pore diameter, 500 um and 50 m. 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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Fig. 1. Illustration of pore structure in the cylindrical coke
and mesh structure for calculation.
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Table 1. Calculation conditions.

(a)(L=1cm)
Amount of Pore Amount of
(D[E) (Dr;) NR ?"ﬁ;{ NZ | carbon (g)in | size (Dn‘;) NR | DANR Nz carbon (g)
’ ) . lem (um) I (m) in lem

500 707 7 71.4 140 4.337 x1073

500 707 14 50.5 280 4.337 x103

50 70.7 7 7.14 1400 4.337 x10°3

50 70.7 | 14 50.5 28000 | 4.337x10°%

(b) (constant carbon)

Dp D, NR Dy/NR NZ L Amount of carbon
(pm) | (um) (Lm) (cm) (&)

500 707 7 71.4 140 1 4.337 x1073

50 70.7 7 7.14 140000 | 100 4.337 %103




H—SflAIzb 353 -2 25JLAF Z{ERIED Y 3 2L =2 3 VDAEBDEL T —F — b= b Y EOBHR

2.2 REITOHAERICOHETE

Fig. l(c)Zmd & 512, OF ARSI, # 2 & Ftk
(RF) BEL TS RfdcelllzWTEET B, ()H 2
ERIGIE, cell DIRFEHHEL 22 FT, BiET S5 2MHED
HAMBUZHIE UCHEIT L, RICFREBIZZEL L 20 &)
ET D,

5 AL (Boudouard Kis) 13, TEEDKIER THK &
N3, JRADEFHS, WKIETH 5 REN ISR
T 5,

C +C02(g):2CO(g) ............................................. ( 6 )

BREORISEER T, —R-HEBORKIEE & Tk, BEK
DRFIEE(-X )P WHIT 5 & LT, ()R Tk X h
579, ZRIZHLT, SANORIBRERSTS 0,
(RTEENS,

Xoe=k (1—-X.) (FEIBBILIE)  oevervevrmrmmesmmenennenes (7)
XGS:kT (ﬁ'}(LV\]ﬁﬁ’iﬁﬁ\ DARBEFE) e (8)

ZIT, Xgoo Xghd, HZURISOBIERISEE (™), &y
%, Langmuir-Hinshelwood (L-H)AIDHEEXTH 5(s™ "),
7, KIBEX XXX TEEhS,

ZIT, Wik, VIIIRFEOER (), Wik, Kl TORK
HE()Th 5.

Langmuir-Hinshelwood BYi3., % 6 O KLHERE 2 FH T
PToksickashs™,
Stk Feo, ky_gFeo,

kr(l/s):HkP kP 1tkPotkP
2L co™ K3lcg, 2 coT Kalco,

AL, 20 ZARRFO/BMLEDL, 7ELT 7 2K
e (JES ) ~E# (&)  TRAZIRENTFEL, %
NODORIGHEDENDORBIE LU CRIEORIDEE AE IR
2Ll ZO, HHEI—2 2FREOKIEE K EL
2FEMEIC AT, TR FNORIBOHTEL 72,

hy=Ne kg (N, dg oeeverereressssr (11)

ZZT, Noy NJiE, ZhZhigdl, EEROBAETHD
2R, (1R, ky e ky &, ZTHhZFhAHRA, 15T
FEhaitah, IEEHOLHAEETH S,

Ne, NJZ, AR 63, @EEESH I — 2 20 X0
OFERD» 5, 1400°CLLETIZ, & TRIBFHEFICENT S

LREL, UTOXREREL 2,

N,=—3.271x1072+3.5189%107°T.—3.7316 X 107°T%
+8,816X10710T3C (To<1400°C) «==---eeeervnnnnnnnes (12)

k P,
ko (/s)=——E8Cx (14)
1+kyPogt k3PCQ
k P,
kB—a (1/5):#“’2 ............................... (15)
l+k2PCO+k3PCOZ

ZIT, BEER, kcp kop kb, KGIEEMTOXSICE
Ehs,

Ky p=eXP(9.49—=24200/T) - v+ vvveervessrnreenunreninennnens (16)
Ky o p=€XP(4.19—=13400/T) -+++vveervmeeremeesnrsnnienineenn. (17)
Jy=eXP(— 17.742TTOO/T) «++++snvvvreesssansnnesessinininnns (18)
ky=eXp(—1.59+5680/T) ++++eeersrrsnnnnnmmnnnnnreessnnnnnnnnns (19)

RFBDOWHIRE C,(mol - cmP)=p/12 CE I, BEIZ
po(g-em)=221& L7z, -7, FLLOPHKEHEE
Wy (@),

Wym - Wy woeesseessssesssesss s s sttt (20)

TEENDE, 2IT, Vi3, (0,/)FHOD cell OFM(em®) T
»H5,

7, BEYLADKRDOWPEAW, (&, QDA TEIH
%,

AW:‘,/‘:XGS' Wos AtV jreeeseeesnnssiesiiiniiii (21)

ZZT, AtlE, BfIZ T v T TH B,
F7-, BBl L rArDIREOBELIZ,

+AI_
er = Wifj“A A S RARILIIE (22)

CO, Dk ' (mol - cm ) L V' CODHEIME mol - cm 3 1,
EhEh,

A¢C02:XGS' Clr A wevvmemsneseeriiiii (23)

AQeo=2Xgs Cor AL wvvvreeessnmsnersemiiiitniiiii (24)

% H 2 DBE (atm) 1X, P=cRT, (R=82.0575cm’- atm -
K" mol W66 hs,
2.3 N, CO, COHADIKEEH

2B R D H A DYLEUREIL, Chapman—Enskog DR % M
Wz,

{T3(1/ M, +1/ M ;)}""?
Po;Q,

D, =1.8583x107°

ZZ7T, 0,;=(0,+0)2THYH, olCollision diameter (A)
TH 5, 7=, Collision integral 2,1%, 26X TEEh 3,

=2 4 ¢ 4 ¢ +— 2
(T*)?  exp(d-T*) exp(f-T* exp(h-T¥

D

ZZT,

a=1.06036, b=0.15610, ¢=0.19300, d=0.47635,

9 I



§$% &8 Tetsu-to-Hagané Vol. 95 (2009) No. 1

e=1.03587, f=1.52996, g=1.76474, h=3.89411Td 5.
F7z, TS, BRIURET, T*=TIe,; k) TH D, k1
KLY VR, €,=(6g)* Th b, GHHEHIZBHEEINT
X =42 —{% Table2iZF & &7,
2.4 BEH APOILEFRE

S H A OILEFREIE, —#%IZ Stefan-Maxwell D
R (Vx, =2 (cic,/?D, v~ v ) IZ &K > TREE 6T
2, KRR T3 ROMBUS I W TREITHYIZ T 5
Cussler DR % Fiv /229,

H A, jD 2RIy R T B ILAUL, Fick DERINZ L - T
HEh3,

~J=De; VC

i

ZZT, Deid, “HROMAEIEBBER T 5. nior
RO FH AZE T BHLEUL, Onsager™®IZk > TR TFD &S
N 3 (S

n—1

~J,=Y D,;-VC,

j=1
ZIT, Dy, BRAPROUHEE TS 5.
L7224 5T, COCON,RDILHUIL TDO LS izFk &
s,

0 )

—J =D = Gt Dy Cy evvveeveseeseeesseiiiiis (29)
0z 0z
0 J

_J2=D21.87C1+D22.87C2 .............................. (30)

ZIT, CEGIE, ThEThCOLCO, T ZDRETHD,

D, & D, ZJEHRDCOH ADIESR, D, & D, L,
CO, # ZADWHBBTH 5. ZILROIEFRKD,)HE T
ROILEFRBU(De,)iE, CusslerIZ& > T, UTDLI IS
FzEhs .

i B, BtP 1

Dey, De,,
P, A P

De|,De,, De,,De,, De;De,,

1 1
[)] —
De,;  De,
. B, P
De,,De,, De,,De,; De,;De,,

1 1
P2 __
De,, De,,

P B P

+
De|,De,; De,,De,, De,yDe,,

D, =

1
L

AL
Dey; De,,

A P Py

| DeyDey belzDe23 De,;De,,

10

ZZT, ThFhl, 2B8XU313, CO, CO,BLUN,H
2T, ZHROIERBIZHNTD,#D, Th b, D, &
Dy, 13, ‘main term’ EIFIX N, ZILROLERE L IZE A
ERUCHAEMRT. —7, D,k D, id, ‘cross term’ &FFTH
AA YA —=LD2W%LTTH B,
2.5 A—9 ZAFHRICH T 3 EHH XIEEEE

HIFF 5 2913, Wicke—Kallenbach#: % T, #gtH I —
27 Z (m-coke) & BRI 1 — & X (f-coke) D L BUR L & H BRI %E
L7z, AR TIE, ZO#HE L Chapman-Enskog (C-E)AA T
HEL MR A B LT, RAEAY & m-coke & f-coke {ZX§
B H L RUR B A B L 7 (Fig. 2). EH 51, Ar-HeR,
CO-CO, RTHERL , c,De, DIEEHEL 7=, S ol
-2 Z0OREIERTA/359 A -2 Th 5, WEKO#=D
C-ERT, DR (Ar-HesR, CO-CO, %) DffizRL
7z, Ar-He 2DffiL, CO-CO,ROMIZIE L T, 4715
KEWHR, BEKRGFEIESFHEALCTHS, ITHIIHLT,
Ar-He 52 D m-coke D HLENREIE, 1/18.6 TH D, f-coke D
ZhE, 1144 EIEEITNEL, BT -2 ZDK[BH
PH 2 -2 2R THhBD/NENT EEFKRL TS,
1000°C 2487 % &, Ar-He R/ EDOREMLFRHSIZ W
Te, I— 2 AMBORESL, KT OB/ - ZERITHE-T
REESEHE» NS, KFEOHWN» 535N 2728
ZZTHERLAEVWY, ZOHKE T -7 ZOKSEEE
LA EBMIZICIEST 2TEL/ST £ — 2124 B AREME 2R
LTk, SBOMEREI-L2LDLELLN5,
B2k s, CO-CO,RD m-coke t=Xf L TIHKRMEITD
RENHRIG, EREToH 2RISR L T, HEE
MRELEGTA-DEPTRENTEST, fcoke DAD
& %> Twb, CO-CO,RDMA, 77k D IKiR400°C) A

i
—

Table 2. Parameters for Chapman—Enskog Equation.

Molecule (i.j) O x101°m Elkyx)
N, 3.798 714
co, 3.941 195.2
CcO 3.690 91.7

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

o5f Dase <—, C-E Theory ]
ol Deoco m-coke; }
K ,%/MWD f-coke; ]
15} 0.02Dc co,
o // %
= A—coz

e
,/
"” 0
26 238

log(Di-j)

3 . .
24 3 3.2 3.4

tog(T)
Fig. 2. Comparison of diffusion Coefficient among Chap-
man-Enskog Equation, Shigeno ef al.?® and the se-
lected data in this work.
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Fig. 4. Comparison of Fraction of gasification reaction, X,
at 1000K and 1200K.

1000K : 500 um (X, r=1000)— 50 um (X, r=325s): 32 %

1000K : 500 um (X, t=4100s)— 50 um (X, r=700s): 171

1200K : 500 um (X, t=600s)— 50 um (X, t=60s): 10£%)
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m-coke : X. , 1000K, 500um
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Fig. 5. Distributions of X, at 1000K, 500 #m for m-coke.
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