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Thermoplastic Behavior of Coal Particles during Rapid Heating prior to Carbonization
Yasuo Ountsuka, Zhiheng Wu, Akira Tomita and Shozo Itacaxi

Synopsis :

During heating up to agglomeration temperature (<470°C) with 5-500 K/min heating rate, thermoplastic behavior of

coals with different caking properties has been studied with a quartz-made fluidized bed reactor. When coal particles
are heated near agglomeration temperature, the swelling occurs to a larger extent irrespective of coal type, and
consequently both particle size and bed height increase without particle adhesion. The degree of the increase becomes
larger at higher heating rates. Independently of caking property, the textures of coal particles after heating show that
higher heating rates lead to not only the higher degree of swelling and softening but also the larger portion of the
particles with vesicles and hollow spheres. Thus, thermoplastic properties of a non-caking coal as well as a caking coal
can be improved greatly by heating at 400-500 K/min prior to carbonization.
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Table 1. Analysis of coals.

Coal (Code) Ash VM FC o H N s o CSN
(wt%, dry) (wt%, daf)

Cerrejon  (CER) 0.9 38.4 60.7 78.9 5.3 1.7 0.4 13.7 1

witbank (WBK) 7.7 32.9 59.4 83.6 5.1 2.2 0.6 8.5 2

Goonyella (GOO) 7.7 25.6 66.7 87.1 5.1 1.8 0.6 5.4 5°1/2
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Table 2. Agglomeration temperature of coal parti-
cles at different heating rates.

Coal Heating rate Agglomeration temperature
(K/min) (°c)
CER 5 > 460
CER 25 > 465
CER 260 > 470
CER 480 475 - 480
WBK 100 > 430
WBK 230 > 430
GOO 5 > 430
GOO 120 435 - 440
GOO 200 435 - 440
GOO 480 > 430
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Fig. 1. Temperature dependence of weight loss
upon heating coals at 100 K/min.
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Fig. 2. Effects of heating conditions on weight loss
for Cerrejon coal.
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Fig. 3. Effects of heating conditions on weight loss
for Goonyella coal.
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Fig. 4. Bed expansion as a function of heating rate
during heating Cerrejon coal at different
temperatures and residence time.
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Table 3. Distribution of particle size and bed expansion of Witbank coal.

Temperature® Size distribution of coal particles Bed expansionb
(°c) (wt%)
1.0 - 2.0 0.50 - 1.0 0.25 - 0.50 0.15 - 0.25 mm
Raw coal [} 29.3 70.5 0.2 -
360 25.2 74.4 0.4 1.0
400 33.1 66.3 0.6 1.2
420 2.1 50.8 47.1 (4] 1.3

8Heating rate, 100 K/min; residence time, 30 min.

Dratio of static bed height after and before heating.
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Fig. 5. Bed expansion as a function of heating rate
during heating Goonyella coal at different
temperatures and residence time.

LA Z 6 e dr o 1295, 400~ 420°CTIRRL T 8131 .2~ 1. 3f%1C
REog L 72,

Fig. 5 i, GOORMEEFD BT - FAX$ GO
BrRFKbT, CERR & AR, GOOBKLT & DI X
ARERSEMGTCIRED Ol o fo, MBS HT LIRS
e, B2, 360°C, 30minfiFF$400°C, 0 min
T, BERmBEI%RT e B e d, hdmduk
B b BIMR T D o 1o MBS L K & 5 L BIERY
b, EEERSRMTIIE, WBKKE(Table3) T bR 6 Lk
£ 512,400, 425°CLIBED EH I ECIEEERE LIRS { k-
720 F512, GOOR DUEEIRE L 430°CT I, RLFHTERE
Bi53 0 minT & 1.315L) L O REREL BRI S h, WIROMRE
EEMBUE E RS (22 b, 490K/ min T X mERET D#J1.5
D LT, 2D & 52, CERIR E Rk, sEkkkE R DGOO
ROBEMS S MBGEE L L IMMT 2 Lo LR
2712,

3-4 WEDH
BIEH TR 72 & 542, RT3 Es: - e R a8

31

100

Size distribution, %
[4)]
(@]

400 420 450°C 5

140 490 K/min
460°C - 0 min

Raw
100 K/min - 30 min

Fig. 6. Distribution of particle size of Cerrejon coal.
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3:5 EAWMEmEEAR

LTl L S, AREMET 5L, KTRBVHEL
WA MLT, Zhid, RFREOMNFEFERECL 20T
B K, ARKLT S ORICET (. BT ORREIRE
B L ERCBE T 2 0T, BRORMESECEL Tl

Fig. 9. SEM photographs of Cerrejon coal after
heating at 460°C without soaking. Top, 5 K/
min; middle, 140 K/min; bottom, 490K/min.
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Fig. 10. SEM photographs of Goonyella coal after
heating at 430°C without soaking. Top, 5 K/
min; bottom, 480 K/min.
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