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The Effective Diffusion Coefficient of CO, in the Solution Loss of Coke

Synopsis:

Saburo KOBAYASHI and Yasuo OMORI

"The diffusion of gaseous reactant in pores is one of the processes essentially influencing the rate of the solu-
tion loss reaction of lumpy coke, if the reaction proceeds by partial internal burning. Then, the effective
diffusion coefficient of carbon dioxide in lumpy coke was estimated through analysing the over all rate of the
reaction by the application of the rate equations for complete internal burning.

Concerning slab samples, the diffusibility, (D,/D) of carbon dioxide was respectively evaluated to be
1.8 X102 and 1.2 x 102 for conventional metallurgical coke and formed cokes which had the porosities

being 0.52 and 0.33 respectively.

The characteristic size of crushed coke depended on the estimation standard used. For instance, the
sphere-equivalent size differed considerably from the size defined as the ratio of volume to external surface
arca of a particle, owing to the irregular shape of the crushed materials. The value of the diffusibility
obtained by the use of the sphere-cquivalent size was 2 to 3 times that according to the other size estima-
tion and was nearly constant at 3.2 x 10~ regardless of temperature above 1000 °C for both kinds of coke,
while it decreased with increase of temperature above 1 000 °C according to the other estimation.
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Table 1. Physical properties of coke.

Density| Apparent |Porosity | Ash
Kind of coke density
(g/cm?) | (g/cm?) | e(—) (%)
Metallurgical 1.94 0.94 0.52 10.8
coke
Formed cokes 1.94 1.30 0.33 9.9
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Fig. 1. One of calibration curves to measure

external surface area of crushed coke by
means of a photometer.

S : external surface area of standard sa-
mples, —log T, : concentration of me-
thyl red in solvent.

Table 2. Experimental condition for gasification of slab samples of coke.

Temperature Partial pressure of Gas velocity Length of slab Porosity
°CG) CO,, pco, (atm) Uos (cm/ sec) Xy (cm) e (=)
0 900 1.0 72.1 3.1~3.5 0.586
3 1000 1.0 122~124 3.1~3.6 0.600
° 0.75 109~111 3.0 0.558
':‘«5 1100 1.0 132~136 3.2~3.4 0.585
T 0.75 118 2.9~3.0 0.552
5 1 200 1.0 267 2.5~2.7 0.591
% 0.1 135 3.0~3.2 0.524
] 1300 0.043 193 2.9~3.2 0.558
p 0.043 604~607 2.9~3.2 0.578
900 1.0 70.0 2.9~3.2 0.361
1 000 1.0 124~128 3.2~3.5 0.335
4] 0.75 110~116 2.8~3.1 0.340
4 1100 1.0 136 2.3~3.1 0.351
© 0.75 118 2.8~3.1 0.371
° 1 200 1.0 267 2.7~2.8 0.366
& 0.2 134 2.8~3.1 0.320
s 0.1 135 2.9~3.1 0.320
P 1 300 0.043 192 2.8~3.0 0.309
0.043 583~603 2.9~3.1 0.356
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Table 3. Experimental condition for gasification
i of crushed coke.

Temperature Gas flow rate Gas velocity
(°c) (N1/ min) (cm/ sec)
950 10 35.2
1000 20 73.2
1100 20 79.0
1 200 20 84.7
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Table 4. Values of diffusion coefficient of CO,-CO, D by Fuller-Schettler- Giddings!).

Temperature D Temperature Temperature D
(°G) (cm?/ sec) Q) (cmz/ sec) (°C) (cm2/ sec)
900 1.81 950 1.95 1 000 2.08
1100 2.38 1 200 2.69 1 300 3.02
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Table 5. Classification”of particle size to eva-
luate the effective diffusion coefficient
of CO,. W, :mass of a particle, Lgp:
sphere equivalent size.

Metallurgical coke Formed cokes

Wy(g) wWy(g)

Ly (cm) Lsp(cm)

G, 0.2~0.6 [0.11~0.18/ 0.2~0.6 0.1 ~0.16
G, 0.6~2.6 [0.18~0.28 0.6~2.6 [0.16~0.26

G; 2.6~10 10.28~0.5 | 2.6~15 |0.26~0.5
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Fig. 11. Temperature dependence of diffusibility
of CO, for granular samples of metal-
lurgical coke.
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