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Fundamental Study on the Mechanical Behavior of Coke as a
Material with Rundomly Distributed Pores

Mitsutoshi ISOBE, Kichiya SUZUKI,

Mitsuru TATE, and Hideo KiTAGAWA

Synopsis:

A minjature bending test method was developed for measuring mechanical properties of coke with
better accuracy. Mechanical properties of formed and conventional cokes at room temperature were
measured by this method and the effects of pore on them were investigated, taking statistics into con-
sideration. Deformation of a porous body was analysed by the finite element method combined with
Monte Carlo method and an attempt was made to develop a method to estimate Young’s modulus of

coke matrix.
The results are as follows.

1) Linear correlation was found between Young’s moduli of cokes and maximum bending stress
and a possibility of estimating the strength from the measurements of elastic deformation was shown.
2) Young’s modulus of coke decreased with increasing porosity. The decreasing rate of formed

coke was different from that of conventional cokes.

3) Young’s modulus of coke matrix was estimated by the new method from apparent Young’s

moduli including the effects of pores.

4) From a new viewpoint a comparison was made between the mechanical properties of formed
coke and that of conventional one, using the Young’s moduli of coke matrix obtained as above.
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Table 1. Physical properties of cokes.

Kind of Coke Trg:nsity Porasity (e)

(g/cm3) |mean| s.d. |data

Formed Coke A 1.99 353 | 1.4 | 47
Formed Coke B 1.85 35| 33 | 86
Formed Coke C 1.72 391 | 20 | 44
Conventional CokeA | 1.91 455 | 15 | 31
Cc.D.e. 2.00 484 | 18 | 44
Conventional Coke B | 1.97 507 | 32 | 23

Conventional Coke C | 1.97 592 | 21 5

Graphite 2.10 176 | 11 8

C.D.Q.-dry-quenched coke
s.d. -standard deviation
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M W - Load
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Fig. 1. Bending test.
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Fig. 2. Correction of Young’s Modulus.
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Formed Coke 'C

Photo. 1. Microstructures of formed and conventional cokes.
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Fig. 6. Relation between Young’s modulus and
porosity.
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Fig. 7. Weighted frequency distributions of pore
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Fig. 9. Simulation method.

Table 2. Data of computer simulation.

Pore part 60
Number of elements the system 7 X 7=49
Matrix part £ (kg/mm?2)| 3 000 |2 100 |2 000 |2 300
) 0.01
Porosity, P (%) 35 38 45 48
Mode pore radius  (p) 37 48 | 105 | 129,
Element size (p) 77 | 100 | 220 | 270
Porosity of pore part(%) 72
Pore part E (kg/mm2)| 280 | 200 | 210 | 240
v 0.36
Number of matrix 95 23 18 16
elements
Number of pore elements 24 26 31 33
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Fig. 11. Deformation of the system.
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Fig. 13. Series mcdel and parallel model.

Table 3. Young’s modulus E and Poisson’s ratio

v of coke.
Porosity (%) 35 38 45 48
Mean |[1070| 660 | 530 | 540
E EXP. s.d. 160 | 160 | 100 | 120
(kg/ n.s. 25 25 25 25
mm?)

Mean (1040 | 640} 500 | 520
CAL. s.d. 110 70 50 30
n.d. 25 25 25 25

Series model 5001 360 | 320! 350
Parallel model |[1610 (1010 | 830 | 870

Mean | 0.20 | 0.21 | 0.22 | 0.2]1
EXP. s.d. | 0.30}0.07]0.07}0.05
n.s. 7 14 17 13

Mean | 0.16 (0.18 | 0.22 ) 0.24
CAL. s.d. | 0.02]0.02]0.020.02
n.d. 25 25 25 25

s.d.—standard deviation
n.s.—number of specimens
n.d.—number of different dispositions
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