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Effect of Heating Rate on Structural Changes of Heat-treated Coals

Toshimasa TAKANOHASHI, Takahiro YOSHIDA, Masashi IINO, Masaomi TOYODA,
Toshinori KolMA and Kenji KATO

Synopsis

: For high-caking Goonyella and low-caking Witbank coals, dynamic viscoelasticity was measured at heating rates of 3-80°C/min. An increase

in heating rate shifted the temperature which gives the maximum fusibility to higher temperature. Structural analyses (solvent extraction, ulti-

mate analysis and FT-IR measurement) for the heat-treated coals showed that the temperature which the extraction yields, H/C atomic ratio

and aromaticity greatly change also shifted to higher temperature by increasing heating rate, while (O+S)/C atomic ratio was not influenced

by the heating rate so much. The enhanced fusibility by an increase in heating rate can be the result of decrease in possibility of cross-linking

related to oxygen and sulfur functionalities.
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Table 1. Ultimate and proximate analyses of coals.

Ultimate Proximate

analysis analysis

(wt%, daf) (wt%,db)
Sample C H N S 0O VMAsh FC
Goonyella 90.2 52 1.9 06 22 246 8.766.7
Witbank 854 52 2.0 0.5 6.9 327 7.559.8
H380Witbank® 857 50 2.1 0.5 6.7 312 7.761.1
H410Witbank” 854 5.1 2.1 0.5 7.0 30.1 7.962.0

“ By Difference. ° Rapid heat-treated Witbank coals at

380 and 410 °C
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Table 2. Caking properties of coals.

Softening Maximum Resolidifi-  Log Total
temperature  fluidity cation (Max. dilatation
temperature temperature fluidity)

(ST°C) (MFT°C) (RT°C) (DDPM) (%)

Goonyelia 406 463 498 3.1 162
Witbank 406 431 458 0.9 0
H380Witbank 404 431 455 0.9 0
H410Witbank 403 425 449 0.7 0
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Fig. 1. Effect of heating rate on dynamic viscoelasticity of
Witbank coal.
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Fig. 2. Maximum value of tan & and the temperature as a
function of heating rate.
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Fig. 3. Effect of heating rate on the extraction yield of heat-treated Goonyella (a) and Wibank (b) coals.
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Fig. 4. Effect of heating rate on changes in H/C atomic ra-
tios of heat-treated Goonyella (a) and Wibank (b)

coals.
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Fig. 5. Effect of heating rate on changes in (O+S)/C
atomic ratios of heat-treated Goonyella (a) and
Wibank (b) coals.

SN 2 BNEEL, GRNEOFHEFEY 7 X4 —HLD
BEBBEOEMTII W EEL TS, 25 LRI K
AHEGER B SEIE, Yun, Suuberg 512 & % DSCHIE TRV
RENTHD?, ZOBEENZRTIRRY — 2 SRR
BoORMEELBIIHBRANZIC 7332 8brroTW
513)O

%7, Fig. 3T/R L Z=FEEEORMIZE S i RO
MERD & S IS N B, LERDO+S)/CIEIEZHEH

31

BB R DRGERLIZ RIT T RIREEOYE

T 24|

(&]

8 22 |

c 2t

3 n

© 18 |

< —e— 100 °C/min N

<16 | o b

T — & -3 °C/min \

S 14t \

L 12t '

5 \

£ 1t (a) Goonyella a

i 0.8 i 1 ). L 1
0 100 200 300 400 500 600

Temperature (°C)

I 24

S 22 | [—*—100 °C/min

o ¢ I |-=-3°C/min

18 |m-—- - __ - -~

Sief \

S1at .

'% 12 .

S 1] (b)Witbank

< 0'8 1 1 A 1 1

0 100 200 300 400 500 600
Temperature (°C)

Fig. 6. Effect of heating rate on changes in aliphatic C—H/
aromatic C—H ratios of heat-treated Goonyella (a)
and Wibank (b) coals.
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Fig. 7. Methanol sorption isotherms at 30°C for Witbank
raw coal, H380Witbank and H410Witbank.
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