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Evaluation of Matrix of Coke Strength by Nano-indentation Method

Masahiko MIHASHL, Munetaka SOENMA, Yusuke ASAKUMA, T suyoshi YAMAMOTO, Hideyuki Aok,
Takatoshi MIURA, Kenji KATO and Shozo ITAGAKI

Synopsis : Nano-indentation method is proposed to measure the elastic modulus of matrix of coke and to study the relativity of the elastic modulus to
raw coal.

Coke strength is the most important qualities to retain the permeability in a blast furnace. Then coke strength must be clarified. Matrix of
coke elastic modulus and its relation to raw coal are essential for theoretical approach based on Mechanics of Materials to reveal the fracture
behavior of coke. Nano-indentation method, which couples the equation obtained by finite element analysis with the load-displacement
curves in the microscopic region measured by ultra-micro-hardness tester, enables us to determine the elastic modulus of coke substrate ex-
cept the effect of pores.

The matrix elastic modules of cokes made from four kinds of coal are measured for each coke texture. Elastic modules of flow texture,
coarse mosaic texture and fine mosaic texture that are the texture originated in reactives are 17—18 GPa for every raw coal, so they can be re-
garded as same strength. The elastic modulus of inerts is higher than that of the textures organized in reactives, and increases as coal rank in-
creases.

As aresult it follows that matrix of coke is simplified to a composite material composed of two kinds of materials, reactives and inerts.

Key words: coke; coke strength; matrix of coke; elastic modulus; nano-indentation method.
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Table 1. Sample properties.

Sample Coal properties Coke properties

Ro[%] TI[%] MF(logddpm)] DI} [%] DI}’ [%] MSH0.21mm[%] CSRyi1i[%]
Elkview 1.413 36.32 129 80.9 82.7 57.61 69.7
K-9 1.599 19.96 1.15 83.4 85.2 49.86 38.4
German Creek 1.477 33.05 2.32 83.8 86.1 57.64 69.5
Masco-hv 0.942 23.75 3.27 80.9 84.8 58.78 48.8

Ro: Mean reflectance  TI: Total inert MF: Maximum fluidity DI: Drum index
MSTI: Micro strength index  CSR: Coke strength after reaction
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Fig. 1. Scale of contact area and coke microstructure.
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Fig. 2. Estimation of elastic modulus by using least
squares method.

(d) Masco-hv

Fig. 3. Optical microphotograph image of coke texture.
(FT: Flow type, CM: Coarse mosaic, FM: Fine mo-
saic)
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Fig. 4. Distribution of elastic modulus.
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Table 2. Mean elastic modulus.

(a) Elkview (b)K-9
Matrix Elastic modulus {GPa) Matrix Elastic modulus {GPa]
Flow type 17.75 Flow type 17.87
Coarse mosaic 17.97 Coarse mosaic 16.80
Fine mosaic - Fine mosaic —
Inert 21.66 Inert 21.98
(c) German Creek (d) Masco-hv
Matrix Elastic modulus [GPa] Matrix Elastic modulus [GPa]
Flow type 18.06 Flow type —
Coarse mosaic 17.39 Coarse mosaic —
Fine mosaic — Fine mosaic 17.68
Inert 20.45 Inert 18.52
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Fig. 6. Indent area to measure the strength of interface.

Table 3. Strength of interface.
Sample Elastic modulus [GPa}
Elkview 21.47 19.66 19.08
K-9 18.17 17.53 20.11
German Creek 21.81 24.18 25.38

Masco-hv 18.37 17.88 19.09
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Table 4. Relationship between Ro and strength.

Sample ﬁa[%] Mean elastic modulus Elastic modulus of Rate of inert
of matrix{GPa] inert [GPa] existence [-]
Elkview 1.413 19.63 21.66 0.455
K-9 1.599 19.06 21.98 0.240
German Creek 1.477 19.27 21.46 0414
Masco-hv 0.942 18.07 18.55% 0.197
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Fig. 7. Splits inside inert.
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