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Reactivity of Coke with CO, and Evaluation of Strength after Reaction

Masahiro Kawakami, Kengo MURAYAMA, Masahiro SHIBATA, Toshihide TAKENAKA and Hiroyuki ToDA

Synopsis : For the investigation on coke degradation in the blast furnace, reactivity of coke with CO,, the morphological change after reaction and the

change in its strength were examined. Five kinds of cokes were used. They were machined in the spherical form of 20 mm¢ and reacted with
pure CO, at 1073 to 1673K. After the reaction, the specimen were visually observed and the porosity distribution was estimated. Further,
they were pressed by universal test machine to estimate the strength after reaction.

The reaction mode changed at 1373K. At lower temperature, the reaction proceeded homogeneously throughout the specimen, while re-
stricted near the surface at higher temperature. The porosity was almost uniform at lower temperature, but increased near the surface at high-
er temperature. The tensile strength was estimated indirectly from the results of compression test. The tensile strength was 0.85 to 1.77 MPa
before the reaction. It decreased to 0.51 MPa after 50% reaction at 1273K. At 1573K, however, the strength did not decrease so much for the
blast furnace coke and highly reactive coke. The strength of formed coke increased after 25% reaction. These changes in strength at 1573K
can be attributed to the reaction mode where the reaction did not proceed to the core of specimen, and the crystallization proceeded in the

core at higher temperature. The fracture energy, which might show the strength of matrix, decreased by the reaction in all cases.

Key words:: reaction mode; two temperature range; porosity distribution; spherical specimen; homogeneous reaction; unreacted core; compression test;

maximun load; tensile strength; fracture enegy.
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Table 1. DI, CRI, CSR and ash content of coke specimen.
Kind Ash )] CRI CSR
(mass%)
No.1 1.6 85.5 24.9 62.4
No.2 3.0 85.1 26.7 59.5
No.3 15 6.4 26.1 60.4
No.4 2.6 4.2 30.3 57.6
No.5 9.9 4.5 342 55.
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Fig. 1. Weight change at different temperature.
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Fig. 2. Arrhenius plot of reaction rate constant with No. 1
to No. 3 cokes.
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Table 2. The appearent activation energy for the reaction

with CO,.
Kind Low temp High temp
No.1 2041 kJ/mol|__ 133.7 kJ/mol
No.2 203.6_kJ/mol 114_kJ/mol
No.3 198.6 kJ/mol| 1304 kJ/mol
No.4 189.7 kd/mol] __119.3 kJ/mol
No.5 167.9 kd/mol| __ 96.5 kJ/mol
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Fig. 3. Arrhenius plot of reaction rate constant with No. 2,
No. 4 and No. 5 cokes.
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Fig. 4. Appearence of No. 1 coke after 50% reaction at
different temperature.
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Fig. 5. Cross section of No. 1 coke after 25% reaction at
different temperature.

Fig. 6. SEM image of cross section of No. 1 coke after
25% reaction at 1573K: a) near surface of speci-
men, b) core part of specimen.
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Fig. 7. SEM image of cross section of No. 1 coke after
25% reaction at 1173K.
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Fig. 8. Distribution of bulk density in radial direction of
specimen.
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Fig. 9. Distribution of porosity in radial direction of speci-
men.

HR CHE MMM CH AT AL X — 522 7 W f
NORFEIERITNTYERAZODT, T4 TLT Oy
PEfTo72, ZTOEBDOEETH 74 TABREIZ X DS
TYVFRORE TG L, BREOFER T2 452 L 2RA
7o BB, TATABEE LT v 2kIc k572,
3:2-2 RAME

Fig ILICR RFEP,, DT A T 70y b &RT, K%
FIZB 2P, DY 4 TLEEH & OBIRHE L 53 8%
Table 31N . 74 TABRBIZEAKRZIVNIE /ST U F 2
DB EEBKT EA, AKIEL XU5T3K, KIG®

300 " L
No.2 coke
pre-reaction
..... 1573K 25%
qb:; 200~ 4 4 1573K 50% |
=~ e 1273K 50%
o,
100
(112
0

I (mm)

Fig. 10. Load-displacement curve of compression test.
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Fig. 11. Weibull plot of the maximum load with No. 2
coke.

Table 3. Summary of results of compression test: expectation, standard deviation and Weibull coefficient for the maximum load,

tensile strength and fraction energy.

No.2 No.4 No.5

Pmax pre—reaction| 1573K, 25% | 1573K, 50% | 1273K, 50% pre-reaction | 1573K, 25% lpre-reaction |1573K, 25%
Expectation (kgf) 269.1 2145 1194 264 176.5 160.5 364.8 404.9
Standard deviation (kgf) 78.8 53.0 47.6 15.7 441 42.9 934 98.0
Weibull coefficient 3.81 4.60 2.71 1.73 4.54 3.21 4.42 4.71

tensile strength pre-reaction| 1573K, 25% | 1573K, 50% | 1273K, 50% |pre-reaction | 1573K, 25% |pre-reaction 1573K, 25%
Expectation (MPa) 1.18 1.20 0.84 0.51 0.85 0.92 1.77 2.48
Standard deviation (MPa) 0.37 0.30 0.34 0.30 0.21 0.34 0.45 0.60
Weibull coefficient 3.56 4.60 2.71 1.73 4.54 2.92 442 4.71

fracture energy pre—reaction| 1573K, 25% | 1573K, 50% | 1273K, 50% |pre-reaction 1573K, 25% |pre-reaction | 1573K, 25%
Expectation (Nm) - 9.12 4.88 1.73 - 6.97 - 1.72
Standard deviation (Nm) - 2.01 1.92 0.81 - 2.26 - 2.29
Weibull coefficient - 5.23 2.75 2.26 - 3.41 ~ 3.77
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Fig. 12. Change in maximum load with reaction degree.
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Fig. 13. Change in tensile strength with reaction degree.
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Fig. 14. Change in fracture energy with reaction degree.
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