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Thermoplastic Behavior of Coal under Rapid Heating Conditions

Kiyoshi FUKADA, Shozo ITAGAKI and Izumi SHIMOYAMA

Synopsis : The thermoplastic behavior of coal under various heating conditions was investigated using the rapid heating plastometer that was developed

in this study. Coal samples were heated at a rate of 3—1800K/min with this instrument and the torque applied to the stirrer, which rotated at a

constant speed, was measured. This torque was converted to apparent viscosity of coal in a plastic state.

As the thermoplastic behavior of coal, minimum apparent viscosity and all the characteristic temperatures corresponding to softening,

maximum fluidity and resolidification state observed by Gieseler method was estimated.

Coal thermoplasticity was strongly dependent on the heating rate under the condition of rapid heating. All the characteristic temperatures

were shifted to higher values remarkably while the minimum apparent viscosity decreased with the increase of heating rate. The minimum

apparent viscosity decreased in case of weathered coal, which never shows Gieseler plasticity, over the heating rate of 1000K/min. The addi-

tivity of the minimum apparent viscosity was also examined for blended coals. Though no additivity was observed at low heating rate, with

the increase of heating rate the difference between additive value and observed value became small.

Key words: coal; thermoplasticity; rapid heating; plastometer.
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Fig. 1. Schematic illustration of rapid-heating plastometer.
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Fig. 2. Change of temperature difference in coal layer at
Gieseler plastometer test.
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Fig. 3. Prediction of temperature difference in coal layer
by simulation model.
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Fig. 4. Details of stirrer for use.
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Table 1. Factors and levels.

Level
Factor
1 2 3
Coal size D | -32mesh | -60 mesh | -120 mesh
Control
Revolution R [ 0.01rp.m. | 0.10rp.m. | 1.00r.p.m.
. Ro=0.77 Ro=0.72
Signal Coal brand S LogMF=0.7 | LogMF=0.0

Table 2. Minimum torque values.

(Unit: mN-m)
Test No.1 Test No.2
Conditions

S1 S2 S1 S2
D1R1 0.3 1.9 0.5 0.5
D1R2 104 11.0 114 101
D1R3 11.2 143 9.5 13.6
D2R1 2.1 1.8 0.7 3.0
D2R2 5.4 7.7 55 8.2
D2R3 4.4 8.5 6.0 122
D3R1 1.8 0.5 1.5 0.7
D3R2 2.2 3.9 1.0 4.3
D3R3 46 | 10.8 4.2 6.4

Table 3. Result of variance analysis.

Table 4. Signal-Noise ratio of each level.

Factor Sum ¢ Fo
S 37.41 1 **27.86
D 1166 | 2 ** 43.41
R 36408 | 2 | *™13554
SxD 3.64 2 1.35
SxR 2588 | 2 ** 9.64
DxR 80.26 4 **14.94
SxDxR 5.56 4 1.03
e 2417 | 18
T 657.60 | 35

Sum: Sum of square
¢: Number of degrees of freedom
**. F-level < 1.0%, *: 1.0 g F-level < 5.0%

Level of factor | Signal-Noise ratio
D1 9.60
D2 11.76
D3 7.78
R -3.98
R2 13.73
R3 12.33
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Fig. 5. Apparent viscosity and Gieseler plastometer curve.
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and MFE.

Table 5. Coal properties.

Proximate analysis Ultimate analysis Gieseler

Coal brand __(mass% d.b) (mass% d.af.) plastometer Ro
ASH WM Cc H N S Log(MF/ddpm) (%)

Coal A 66 36.1 753 48 21 04 0.30 0.63
Coal B 109 336 728 45 18 05 0.30 0.71
Coal C 89 39.2 741 53 17 05 1.92 0.72
Caol D 71 404 769 54 19 15 3.72 0.73
Coal E 76 328 773 47 19 06 0.95 0.78
Coal F 105 31.2 746 45 18 05 0.60 0.84
Coal G 89 2486 798 46 1.7 05 2.88 1.10
Coal H 114 219 773 41 10 05 0.00 1.21

(D, G), FEMMREIR (A, B, C, E, F)¥ KO RLR (H) % H
L7z, ¥R A Ro<0.9 H D log(MF/ddpm)<2.5, & % WM&
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