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Reaction Mechanism and Kinetic Analysis of Coke Gasification by H,O
Yoshiaki Kasmiwaya and Kuniyoshi 1sun

Synopsis :

Key words :

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
1, Water gas reaction II and Boudouard reaction) was proposed.

That is,

g =Stk Pwotkis Peo,) (1 +ki_wa)
1 + kePr. T ksPie0 + kzPco + ksPco,

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. ks~Xks 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.

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

reaction ; Boudouard reaction.
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Table 1. Rate constants obtained by parameter fit-

ting.
(a) 1273K
run Hzo Hz khc—wl kx,a-m k, ks k{-wz (ilz_wz)
% | % Eq.(22) | o)
27 | 78 | 2 |2.0X107* 0.007 245 | 8.0 0.35 0.25
28 | 38 | 2 0.0085 0.75 0.28
35|28 1¢ 2 0.0085 1.00 0.28
29 | 18 | 2 " 0.009 ” " 1.65 0.28
30 8| 2 0.009 3.70 0.28
106 8 5 0.008 3.70 0.28
129 | 18 | 5 0.009 1.50 0.27
107 8 8 0.008 3.70 0.28
(b) 1473K
Kiws
run Hzo Hz kIyC wl kl,a—wl k4 ks ksz (k% :)
0, Q, -w.
A K) Eq (22) Eq (36)
34 78 | 2 |6.7X107* 0.040 | 100 { 7.7 0.40 0.15
33|38 | 2 0.040 0.90 0.20
32118 | 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 | 38 | 5 0.025 0.85 0.20
128 | 78 | 5 0.025 0.40 0.20
109 8] 8 0.055 0.40 0.20
(c) 1673K
run E.zo I;IZ Kyyewi Ki,a-wi k, ks ki_wa (t;—wz)
1-w2
/) /J * Eq(ZZ) Eq (36)
401 78 | 2 0.10 - 50 1 7.6 0.08 0.10
3938 2 - 0.15 0.10
41 | 18 | 2 - 0.30 0.10
37 8| 2 ” - " ” 0.70 0.10
110 8| 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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Fig. 1. H,O dependency of rate constant of Water
gas reaction II, ki_w, which obtained from
Eq. (22) that is inadequate rate equation.
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Fig. 2. k!_w. is linearly proportional to (H,0%)™'.
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Fig. 3. Arrhenius plot of rate constants obtained.
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Fig. 4. Comparison of results between calculation
and experiment.
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Fig. 5. Comparison of results between calculation
and experiment.
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Fig. 6. Calculation result of each reactin degree
occurring in coke-H,O reaction.
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