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Numerical Analysis of Microscopic Coke Strength Factors Using a Homogenization Method

Kenta UEOKA, Tomoki OGATA, Yohsuke MATSUSHITA, Hideyuki Aoki, Takatoshi MIURA,
Koichi Fuxupa and Kanji MATSUDAIRA

Synopsis :

To investigate the effect of microscopic structures on coke strength, the stress analysis using a homogenization method is carried out for coke

with different microscopic textures and pores with various shapes. Analytical results show that stress concentration for pores affects stress

field in microscopic region of coke, on the other hand, the diameter and arrangement of inert in coke matrices hardly affects the stress field.

The stress concentration for pores is the main factor of lowering coke strength since the interference of the stress concentration causes an in-

crease in the maximum stress and a decrease in the homogenized elastic modulus. Especially, the existence of pores with low roundness caus-

es a decrease in the homogenized elastic modulus of coke drastically and its effect on coke strength is bigger as the pore size is larger. Thick

pore wall gives a decrease in maximum stress and an increase in the homogenized elastic modulus. In addition, in the case of pores with low

roundness, the existence of big pores counteracts an increase in the homogenized elastic modulus with thick pore wall.

Key words: microscopic structures; roundness of pore; homogenization method; coke strength; finite element method.
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Pore tnert

Active component

(a) Porosity = 12 %
The number of inerts = 50 The number of inerts = 98 The number of inerts = 162
The number of pores = 50 The number of pores = 98 The number of pores = 162

(i) case1 : Unit cells with inerts and pores placed vertically with regular intervais

(b) Porosity = 12 % (c) Porosity =12 %

(
The number of inerts = 60 The number of inerts = 144 The number of inerts = 180
The number of pores = 61 The number of pores = 145 The number of pores = 181

(if) case2 : Unit cells with inerts and pores placed alternately with regular intervals

(a) Porosity = 20 %
The number of inerts = 20 The number of inerts = 40 The number of inerts = 60
The number of potes = 200 The number of potes = 200 The number of potes = 200

(iii) case3 : Unit cells with inerts and pores placed randomly

(b) Porosity = 20 % (c) Porosity = 20 %

(c) Porosity = 256 %
The number of inerts = 0
The number of pores = 25

{b) Porosity = 15 %
The number of inerts = 0
The number of pores = 25

(a) Porosity =5 %
The number of inerts = 0
2 The number of pores = 25
{iv) basic case : Unit cells with pores placed with regular intervals

»n

Fig. 2. Examples of unit cell models (i) inerts and pores
placed vertically with regular intervals (case 1) (ii)
inerts and pores placed alternately with regular in-
tervals (case 2) (iii) inerts and pores placed ran-
domly (case 3) (iv) pores placed with regular inter-
vals (basic case).
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ANEAO L
Roundness  0.60 0.79 0.86 0.20

Fig. 3. Roundness for equilateral polygons.
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Pore  active components

(c) Porosity = 30 %
The number of pores = 100

(b) Porasity = 30 %
The number of pores = 100

(a) Porosity = 30 %
The number of pores = 100

(i) case4 : Unit cells with pores of polygonal shape placed with regular intervals

(a) Porosity = 12 % {b) Porosity = (c) orosity =
The number of pores = 100 The number of pores 100  The number of pores 100

(ii) caseb : Unit cells with pores of polygonal shape placed randomly

(b) Porosity =3 %

(c) Porosity = 3 %
The number of pores =100  The number of pores = 400

(i) caseb : Unit cells with pores of elliptical shape placed with regular intervals
»

(a) Porosity = 3 %
Y2 The number of pores = 25

Fig. 4. Examples of unit cell models (i) pores of polygonal
shapes placed with regular intervals (case 4) (ii)
pores shapes placed randomly (case 5) (iii) pores of
elliptic shape placed with regular intervals (case 6).

Table 1. Analytical conditions of microscopic components
of coke.

Elastic modulus [GPa]  Poisson’s ratio [-]

Active component 30 0.3
Inert 45 0.3
Pore 30x10* 0.3
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Fig. 5. Boundary conditions for the tensile test (Macro-
scopic analysis).
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(a) Porosity = 12 %
The number of Inerts = 50
The number of pores = 50

(b) Porosity = 12 %
The number of inerts = 98
The number of pores = 98

{c) Porosity = 12 %
‘The number of Inerls = 162
‘The number of pores = 162

(1) case1 : Unit cells with Inerts and pores placed vertically with regular Intervals
; L Y L -

{a) Porosity = 12 %
The number of ineris = 60
The number of pores = 61

{ii) case2 : Unit

lIs with inert
5

The number of inerts = 20
The number of pores = 200

{p) Poroslty 12 %
The number of inerts = 144
The number of pores = 145

5 placed altemnately with
p

b)
The number of inerts = 40
The number of pores = 200

MPa

(c) Poroslly 12%
The number of Inerts = 180
The number of pores = 181

(
The number of Inerts = 60
The number of pores = 200

(ill) cased : Unit cells with inerts and pores placed randomly

{a) Porosity =5 %
The number of inerts = 0
Y2 The number of pares = 25

{b) Porosity = 15 %
The number of inerts = 0
The number of pores = 25

|

(c) Porosity = 25 %
The number of inerls =0
The number of pores = 25

{iv) basic case : Unit cells with pores placed with regular intervals
b4l

Fig. 6. von Mises stress distributions in case 1, case 2, case 3 and basic case.
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Porosity [-]
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(b) The relationship between porosity and homogenized elastic modulus

Fig. 7. The relationship among porosity, maximum stress and homogenized elastic modulus in case 1, case 2 and basic case.
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(a) Porosity = 30 %
The number of pores = 100

(i) case4 : Unit cells with pores of polygonal shape placed with regular intervals

(a) Porosity = 12 %
The number of pores = 100

(b) Porosity =

Y2 (a) Porosity = 3 %

(b) Porosity = 30 %
The number of pores = 100

19%

The number of pores = 100

(b) Porosity =3 %
The number of pores = 100
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(c) Porosity = 30 %

The number of pores = 100 MPa

Ty

(c) Porosity =22 %
The number of pores = 100

(c) Porosity =3 %

The number of pores = 400

The number of pores = 25
(iii) case6 : Unit cells with pores of elliptical shape placed with regular intervals
34

Fig. 9. von Mises stress distribution in case 4, case 5 and case 6.
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400 Key case Roundness Num. Pores”
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(a) Relationship between porosity and maximum stress
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(b) Relationship between porosity and homogenized elastic modulus

Fig. 10. The relationship among porosity, maximum stress and homogenized elastic modulus in case 4, case 5 and case 6.
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Fig. 11. The relationship among mean thickness of pore
walls, maximum stress and homogenized elastic
modulus in case 4, case 5 and case 6.
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