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The Chemical Reaction Rate of the Solusion Loss of Coke

Saburo KoBavasHar and Yasuo OMORI

Synopsis :

The chemical reaction rate of the solution loss with carbon dioxide was measured for conventional
metallurgical coke and formed coke, The data for the rate obtained by the authors and other
investigators were analyzed with several rate equations for the gasification of carbonaceous materials.

The values of the apparent activation energy of the reaction obtained from these data were between
50 and 70 kcal/ mol with the rate equations proposed by GapsBy, ERGUN, and TURKDOGAN-VINTERS.
Furthermore, it was found that the values of the kinetic parameters were most uniform for all of these
data with the Ergun equation, where the values of the apparent activation energy of the gasification
and the enthalpy of the so called oxygen-exchange reaction were between 60 and 70 kcal/ mol and
between 14 and 17 kcal/ mol respectively.

In the presence of any neutral gas, the Ergun equation was of lower precision, because of only one
gas composition term, pco,/pco in it. On the other hand, even in the presence of neutral gases, the
rate could be expressed with a great precision by means of the Gadsby equation or the Turkdogan-
Vinters equation ; the latter was not so much precise as the former.
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Fig. 1. Schematic diagram of experimental appa-
ratus for gasification.
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Table 1. Physical properties and size of slab sample of coke.

. - . ! i -
Density App. density | Porosity : Face ; Thickness

Sample po (g/cm?) | po (g/cm®) | | (emd  (mm) Sside/S)
Metallurgical 1.94 l 0.94% 0.52%
coke : ) 0.74~0.93 0.62~0.52 3x3 I~5 0.06~-0.25
Formed | | 94 1.30% 0.33%
coke : ; 1.20~1.37 0.38~0.30 3x3 0.5~3.5 ! 0.03~0.19
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Fig. 2. Gasification rate of metallurgical coke
(1200°C, CO.;=1009;,, flow rate=30Nl/
min, L=V,/S,).
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Fig. 3. Relation between gasification rate and
Reynolds number (formed coke, 0.65 mm
thickness).
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Fig. 5. Size effect on the gasification rate of
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Table 2. Parameters X; [—] and X, [kcal/mol],
carresponding to frequency factor and
apparent activation energy respectively,
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e 1y | az 0 (13) ?‘ (14) | (15)
Data 2 4I

DM X, | 17.9 19.2 26.2 17.2] 19.9] 12.7
X, | 61.7] 64.9] 94.0 63.4]| 66.4] 45.9

D-F X, | 19.9 20.8; 27.0] 17.2 22.7| —
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D_B X, | 15.6 16.3/ 14.3 38.8/ 13.7] 13.6
X, | 58.3 61.8] 64.3124.5 52.4| 52.0
X3, Xy by BEYER, A
204 et al.® 83.9u130.0ﬂ 54.3
X, by MIY;\SAKA, } 20.6
Xq et al.» : 71.3
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@% Table 2z, CO DEISHEERELTTHRD ks
DIBERTFEZRT /5 # —4% X, % Table 3 1z57 L
7.

BN 2FFET BT, RIEME— 2 3RS, o
HOBDHERRATHLENSHS. EIE, AESDE W

—

7~ D-T DA, $7 4~ 5DFVR (4 CHIL

o] 0.5 1.0
#eo, L[atm]

Fig. 11. Experimental result for the chemical
reaction rate of gasification of metallur-
gical coke by BEYER, et al®,
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Table 3. Temperature dependent parameters X, and X, [kcal/mol] in the adsorption term.

Equation (11 (12) (14) (15)
TTTe— Perameter ¥ X % X X
T X, 4 4 6 4 6
Data TTe—
D-M —24.2 —15.3 —21.9 88.2 —54.8 —35.8
D-F —19.1 —14.6 —13.7 70.0 — —
D-T —~27.9 —16.7 —25.2 137.9 — —
by TurkpDOGAN, et al.? —-27.1
D-B —16.5 —14.5 —23.8 —15.6 —24.6 —16.8
by BeEYER, et al.® —13.6 —47.6
by Mivasaka, et al.V l ’ 0 ‘ 36.5 | ’
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