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Evaluation of Mechanical Property in Matrix of Metallurgical Coke by Nano-indentation Method

Tomoki OGATA, Kenta UEOKA, Yoshio MOROZUMI, Hideyuki AoK1, Takatoshi MiURA, Kazuya UEBO and Koichi FUKUDA

Synopsis : The elastic modulus of coke matrix is measured with a nano-indentation method to investigate the effect of coal brands, blending conditions,

coking temperature and holding time at the final coking temperature on the mechanical property.

The elastic moduli of active component and inert carbonized at 880°C are 26-28 GPa and 45-48 GPa, respectively, regardless of coal

brands and blending conditions.

The rise in the final coking temperature increases the elastic moduli of both active component and inert. In addition, the elastic moduli of

active component are smaller than those of inert.

Until the final coking temperature reaches 850°C, the elastic modulus of active component and inert increases with an increase in the hold-

ing time. On the other hand,

if the final coking temperature is above 850°C, the elastic modulus is hardly dependent on holding time.

The elastic modulus of matrix of fusinite is smaller than that of isotropic inert because fusinite has a large amount of small pores. The true

elastic modulus of matrix of fusinite is almost equal to that of isotropic inert.
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Fig. 1. Microstructure of coke.

Table 1. Properties of single coal.

Samples Ash VM FC Ro[%]  MF [log(ddpm)]  TI [%]
[mass%, dry base]

K-9 9.1 172 737 1.51 0.9 18.7

Goonyella 87 244 669 1.1 3.0 24.6

Enshu 87 357 556 0.7 14 22.8

VM: Volatile matter FC: Fixed carbon Rg: Mean random reflectance of vitrinite
MF: Maximum fluidity ~TI: Total inert content

Table 2. Blending conditions of coal.

Blending ratio of coal [mass%]

Coke samples K-9 Goonyella Enshu

K 100 0 0
G 0 100 0
EN 0 0 100
G3E7 0 30 70
GSES 0 50 50

Table 3. Temperature conditions and collection positions.

Final coking temperature {°C]
(Distance from heated wall [mm])

K-9 720(220) 770(180) 870(110) 950(20)
Goonyella 580(130) 820(70)  920(20)
Enshu 700(100) 820(70)  920(20)
Table 4. Holding time at final temperature.
Final coking temperature [°C] Holding time at final coking temperatﬁre
650
750 . . .
350 Smin, 60min, 240min
950
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Fig. 2. Load versus displacement curve for the loading and
unloading in indentation process.
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Fig. 3. Schematic representation of a section through an
indentation.
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Fig. 4. Elastic modulus of active component and inert.
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Fig. 5. Relationship between elastic modulus of matrix and coking temperature.
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Fig. 6. Relationship between elastic modulus of matrix and holding time at final coke temperature.

Fig. 7. Microstructure of fusinite in coke.
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Table 5. Elastic modulus of fusinite.

Samples Eexp[GPa]  £[-]  Emarix [GPa]  Einen [GPa]
K-9 14.4 0.51 443 46.1
Goonyella 16.5 0.42 40.2 44.6
Enshu 19.4 0.42 47.1 48.6
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