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Reaction Mechanism and Kinetic Analysis of Coke Gasification by H,O

Yoshiaki Kasmiwaya and Kuniyoshi Isun

Synopsis

: Kinetic analysis of coke gasification by H,O was studied. The reaction mechanism was considered according to the

restricting the adsorption site as the carbon having dangling bond at periphery of carbon net plane. The kinds of

reactions estimated from reaction mechanism were consistent with the results of gas analysis in gasification experiment.
From the reaction mechanism, rate equation which expressed the rate of three kinds of reactions (Water gas reaction
I, Water gas reaction II and Boudouard reaction) was proposed.

That is,

_ Sy (ki—wi Puotki-s Peo,) (1+ki-—w2)

K=

1 + kdp}{z + kspllzo + kZPCO + kSPCOz

where Sy is the dimensionless concentration of adsorption site (or the number of carbon having dangling bond per a
carbon atom). ki-wi, ki-s, ki-wz are rate contant as promotion term of gasification, corresponding to Water gas reaction
1, Boudouard reaction and Water gas reaction II, respectively. k:~Kks are rate constant as restriction term by each
gases. The results of calculation using the rate constants obtained by kinetic analysis have good agreement with the

reaction rate but also the produced gas composition.

Key words : metallurgical coke ; gasification by H,O ; kinetic analysis ; reaction mechanism ; water gas reaction ; water gas shift

reaction ; Boudouard reaction.
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RITEERIEC L 5 T8 X=X 23K 24, 2 DL
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Step- 1 : ##FDOH/ A FiFEZ L Y Step- 2 DY 155,
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ML, Step- 3 THEERPRET 5D, 2D LS 7
AT 47 OHRENVIEFEICERLLE L E, 2D/8F A—
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ARE-2 D RFERIE, BIELEZ (C=Cy).

wE-3 : BAS AL, —E.

FROH 2LEERCS [1/s] 1, kKDL S ks n?
(case-A 2 DA,

(ko—WI PH20+kQAB PCOz) (1+kf~w2)
1+k4 PH2+k5 PHzO+k2 PCO—+_k3 PCOz

22T, Koowi=Ne* KicwitNa * Kygowy ooeeeeeeeeeee (42)
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N.=C.012Vs/W,, No=C,012V/W,* (44-a, b)
N., Na : #&dh, FEHEDEIAY, Vi | bedD&FFE

BOS ORRMIA (F 2 DY) 2 ORGEED ) T, IRE- 2

YL, RE-12@#HT 5 &, UD)RXDFTI, koowr

Pu,o DI D5% %, 2 DIRND 3 EH 1 /Phso & Pun/Prro DR

EEETH S 2 ECFEH LT, Kowiio B4 K e®E

(RCS), BALDEHODEHL RMK KE-3) 2 HCTE

G2 AT, Koowr, Ki, KsDWIHMEZKD 5,

D, UWRZHCT, HBONICHHAME L, 36 1ki—w

DYIME# @ Y5 2 T, SIMPLEX{EZ & » T, ko-wi,

Ki_wz, Koy Ks DIEME R R, 2D b &, Ki_w DHIRAMEIL,

AREL IR Y A3 ¥ T, DURMEDZ MM 2HER L 12,

Wk, THOOMEEPHIRMEL LT, BERL L ToR

HEiTe, RIo¥EL L CH 2O EMEFRHICA S

EENFR=RT 4 v T4 v RITo12(Step-3) o BFE

BRETHITBRESLTERMEE DR L EDFLET 2129, Z

NLDEVCEFEEMIREOREEHK a-wll, LOEFET2

FHiFEr Lol LIZH o> T, EBRIEBEVFC %2 61, Kie-w,

Ki, Ksld, BEEBRHTELWUET, Kia-wiWRL B2 LIIR

BoKiawilZld, B EAFDERBEVE IO TLA L »

RCS= -+ (41)
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Table 1. Rate constants obtained by parameter fit-

ting.
(a) 1273K
run [H,O| H, | Kiew Kia wi ks ks ki w2 (lli;wz)
% | % Eq.(22) quigis)
271 78 | 2 |2.0X107* 0.007 245 | 8.0 0.35 0.25
28138 | 2 0.0085 0.75 0.28
3528 2 0.0085 1.00 0.28
29 118 | 2 " 0.009 " " 1.65 0.28
30 81 2 0.009 3.70 0.28
106 81| 5 0.008 3.70 0.28
129 | 18 | 5 0.009 1.50 0.27
107 81 8 0.008 3.70 0.28
(b) 1473K
run |H,O| H, Kiye-wi Kia-wi ky ks Ki w2 (i;wz)
% | % Eq.(22) quigé)
34| 78 | 2 16.7X1073 0.040 | 100 | 7.7 | 0.40 0.15
331381 2 0.040 0.90 0.20
32|18 | 2 0.040 1.95 0.20
31 8| 2 " 0.055 " " 4.40 0.20
108 81| 5 0.043 4.40 0.20
126 | 18 | 5 0.035 1.90 0.20
127 1 38 | 5 0.025 0.85 0.20
128 1 78 | 5 0.025 0.40 0.20
109 8| 8 0.055 0.40 0.20
(c) 1673K
run (HO| Hy | Kuew | Kiaw | Ko | Ko | Kl | 4%
% | % * Eq.(22) quigg)
40| 78 | 2 0.10 - 50 | 7.6 | 0.08 0.10
39|38 | 2 - 0.15 0.10
41 | 18 | 2 - 0.30 0.10
37 81 2 " - " " 0.70 0.10
110 81 5 - 0.70 0.10
111 81 8 - 0.70 0.10

* Non-crystalline carbon does not exist at 1673K and all carbon
atom belong to graphite crystal®
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k2_y, - case-A 2) B 6 1z, TN b DEEE %, Table
1R L7, Tablel 6 bbb 5 & 52, EEMRNTOMERD
6, QQRTERINS, KES ARSI D EIE EHK v,
1, H,OE IKET 52 Ed'bh o 12, Fig. 11, ki_w
PHOBECNLToy bLIZOADTH B, ZOMHE®
6 (22) RTREINBKRMES 2SI OEERISHBIEA
LT Z Ed'bh b, Fig. 21, ki_yw. %, 1/H,0x
LTFey bLIZbDTHB, ZOERL Y, klwid, X
DL UMRICH S LHET S 5,

k! ws=a/Puo, (a:constant) creeeeeeeerereseeeeen (45)
(45) X% 22) AT 5 &,
Kus=a * (K;_w; PisotKi_p Peos) Sy rereeereeeseesees (46)

Lo, kMR ARSI O ERIL,
AEFbI oI,

Tablel 6 bh 5 & 5142, (36)RD» 63K Ak2_y, i,
ETOHF ZAMBIA LT, RIE—EDEHHL NI, AHF

36) NDO™ L —F ¥
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Fig. 1. H,O dependency of rate constant of Water
gas reaction II, ki_y, which obtained from
Eq. (22) that is inadequate rate equation.
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0 AAAAAAAAAAAA
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Fig. 2. k!_y. is linearly proportional to (H,0%)™".

KT, URKET 2RI O#ERILGB6)RNEL, 20
HEERK _wolds KDL I CEET 5,

272, BEEERDEERFEERDL Sk B,

Kicowi=€xXp (17.46—33080/T) +++oreeeereeervevnnans (48)
k1,a—w1:eXD (6.26—14040/T) ........................ (49)
kx_wz:eXp (—5.41+5360/T) ........................ (50)
ki=exp (—1.1448460/T)  +reevrerrereernnerenennnns (51)
kszexp (1.86+278/T) ................................. (52)

ARWFRTH O NMICHEE EBERIHROTHONI T N —v K
JCDEEERE V- L & ZFig. 3R LI /RS 2 RIG [
DIEEEE, Kiewi, Kiawi i, 7N 7 — WSO 18 B % 2K,
Kicp, Kiacpd 0 b KRS 0 MERIRFEDRIE E K, 0 wild,
Z DERERAFED, BELAERIUTH 5109, 1273~1673
KHFAT, #5 ERERS v, T O8E E KK, w12,

11

H,0Z & % 2 — 27 245 2 (LR D BOSHER & ¥ fAT

Temp. [ K]
6 1673 1473 1273
/k4
4r ke
lo---k3
21 e m e T —es
ot
x S
: k1-n2
c

~ kit,8-8
-8 \\
—e— Present Work \\\ K1,c-W
----Previous fork'® .
" L . k.1'°._B. 1

6.0 8.0

7.0 8.0
1/T x104 (1/K]

Fig. 3. Arrhenius plot of rate constants obtained.
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CEOROH) Z@H LT, BEBELE L TORERIT- 1,
1273K, 1673KD &R 235\ T, FHEE R 2 F0IE & o
LTUUTERT, ¥, RFFECIU2EERE L TR
HOZLM, AR LTZ,

Fig. 4 1%, 1273K, 8 %H,0- 2 %H, D FEERFE S & GHE
REHBLIELDTH B, MPFERTRINTOSDIL,
FHERERTDH Y, H2OH (O &4 2K, A TCS)
&, FRETH 5, FAMEIX, EERBAIEIMIO L 2 DY)
AOEVFET 5 RHIRL, FHEE L O Y A
L7, RHERERIE S 2(LE (TCS) 10U TR{, T2
RS L (—FHL T3,

Fig. 5 ¥ & (’Fig. 6 1, 1673K, 8 %H,O- 2 %H,D 8k
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