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Analysis of Coal Swelling Behavior during Carbonization

Youichi TAKIzAWA, Takashi KIMURA, Kentarou HIGUCHI, Yoshio MOROZUMI,
Hideyuki Aoki, Takatoshi MIURA, Kazuya UEBO and Koichi FUKUDA

Synopsis

: The swelling behavior of a softening coal particle during carbonization was numerically analyzed. In this study, since the swelling of a coal

particle was caused by the growth of bubbles in the coal particle, the bubble growth due to the inflow of volatile matters to the bubbles was
calculated involving nucleation, coalescence in the coal particle and emission of bubbles to particle outside during the softening stage. The
production of volatile matters was evaluated by the FLASHCHAIN model.

The pyrolysis experiment of a coal particle was carried out and the expansion behavior was photographed. Then, the swelling ratio was ob-
tained. The calculated results of swelling ratio differed from experimental results because the gas evolution from coal particle was incorrect.
In addition, the secondary decomposition of tar and the model of the coal softening behavior were required for the accurate prediction of the
swelling behavior.

Bubble growth rate was assumed to be the function of viscosity in this study. In order to understand the effect of the viscosity on swelling
ratio, the variation of swelling ratio of the coal with viscosity change was investigated by varying assumed viscosity. The swelling ratio calcu-
lated with low viscosity was low because bubble nucleation was decreased by low viscosity. The swelling ratio with high viscosity was inhib-
ited because high viscosity leads to low bubble growth rate. The property of softening coal, which is difficult to measure, can be estimated by
more accurate analysis.

Key words : pyrolysis; coal particle; swelling; bubble.
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Table 1. Main characteristics of coals studied.
Coal VM Ash C H N S 0 ST’ MFT? RT”
[mass% dry] [mass% daf] ['C]
Goonyella 244 8.5 880 49 19 05 47 406 457 496
Warkworth 342 138 847 59 18 06 70 391 433 460
Enshu 359 8.2 768 48 1.5 03 166 396 431 459
Witbank 329 80 827 45 22 06 100 412 432 446

1) Softening temperature of Gieseler fluidity, 2) Gieseler maximum fluidity temperature, 3)

Resolidification temperature of Gieseler fluidity

Infrared furnace
High speed camera

Digital volt meter

Thermo couples

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Swelling behavior of a Goonyella coal particle dur-
ing pyrolysis at the heating rate of 10°C/min; (a)
420°C, (b) 430°C, (c) 440°C, (d) 450°C, (e)

460°C, (f) 470°C, (g) 480°C, (h) 490°C.

Fig. 3. Swelling behavior of a Goonyella coal particle dur-
ing pyrolysis at the heating rate of 100°C/min; (a)
480°C, (b) 490°C, (c) 500°C, (d) 510°C,(e) 520°C,
(f) 530°C, (g) 540°C, (h) 550°C.
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Fig. 4. Swelling behavior of Enshu coal particle during py-
rolysis at the heating rate of 10°C/min; (a) 410°C,
(b) 420°C, (c) 430°C, (d) 440°C, (e) 450°C, ()
460°C, (g) 470°C, (h) 480°C.

Fig. 5. Swelling behavior of Enshu coal particle during py-
rolysis at the heating rate of 100°C/min; (a) 440°C,
(b) 450°C, (c) 460°C, (d) 470°C, (e) 480°C, ()
490°C, (g) 500°C, (h) 510°C.
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Fig. 6. Swelling ratio for Goonyella, Enshu, Witbank and
Warkworth coal at (a) 10°C/min and (b) 100°C/
min.
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Fig. 7. Photographs of coal particle cross-section; (a)
Goonyella, 10°C/min, (b) Enshu, 10°C/min, (c)
Goonyella, 100°C/min, (d) Enshu, 100°C/min.
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Fig. 8. Reaction mechanism of FLASHCHAIN model.
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Fig. 9. Schematic diagram of the reaction mechanism in
FLASHCHAIN model.
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Fig. 10. Schematic diagram of nodes on coal wall and
nodes movement with bubble growth.

center of bubble

Fig. 11. Two dimensional triangular mesh on coal wall and
bubble escape from coal particle.
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Table 2. Numerical conditions.

Initial particle size
Initial bubble radius
Heating rate
Atmospheric pressure
Coal density

Liquid pressure

Frequency of nucleation

2mm X 2mm X 2mm
1x10° m

10, 100 °C/min
101.3 kPa

1300 kg/m’

101.3 kPa

10° 1/s

Table 3. Estimation equations of physical properties of

coal.

Viscosity of liquid phase,  [Pa s]

Diffusivity of gas in liquid phase, D [m%s]

Solubility of gas in liquid, H [Pa mol/kg]

Surface tension, y[Pa m]

1x107" exp(45000/ R, T
(t-m, )" -1

(T=T,,,constantT >T_,)
1x107"'T

172

U

2.828x10" exp(314/7)
p[

0.03

I input of initial condition |

t=t+At

| Gas & Tar generation l

Yes]

No

| Calculation of bubble growth \
I

] Judgment of bubble coalescence and escape from coal I
I

’ Judgment of coal particle swelling |

<

No

T>T;
Yes

Fig. 12. Flow chart of coal particle swelling computation.
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Fig. 13. Gas formation rate at 10°C/min for Witbank coal.
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Heating rate  Exp. Cal.
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Fig. 15. Comparison between experimental swelling ratio
and calculated one in Goonyella coal.
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Fig. 16. Swelling ratio calculated with various viscosity in
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Fig. 17. Difference of bubble formation with viscosity.
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