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Agglomeration of Coal Particles in Fluidized Bed Heating

Toshinori Koyma and Afsurou Nacumo

Synopsis : Agglomeration properties of coal in a fluidized bed was investigated to obtain a fundamental information for the design
of a rapid heating unit of a newly proposed continuous coke oven.
" The agglomeration causes troubles in the bed. Agglomeration temperature was defined as the temperature at which
a steep temperature change was found in the bed. Effects of properties of raw coals, e.g., softening and solidification
properties and fluidity, and operational conditions, e.g., heating rate, and fluidizing gas velocity, on the agglomeration

temperature were investigated.
The following results were obtained

(1) Agglomeration temperature rose with decreasing maximum fluidity of coal, increasing coal size, and increasing gas

velocity.

(2) Agglomeration temperature was higher for the coal treated at high heating rate than that for coal treated at low

heating rate.

(3)Agglomeration temperature was well correlated with the temperature at which gas (CH, or H,) production began.
Key words : agglomeration ; coking ; coal ; heating rate ; maximum fluidity ; gas production ; fluidized bed.
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Table 1. Properties of coal.

WITBANK GOON- PEAK  CERR- BYRON BALMER SARAJI LEMI-
YELLA DOWNS EJON CREEK NGTON
(WIT)  (GOO) (PDH) (CER) (BYC) (BAL) (SAR) (LEM)

Reflectance(%] 0.79 102 126 062 109 118 134 0.73
Total inert[%] 368 273 247 116 347 280 163 134
CSN 2 9 NM 1 NM NM NM NM
Proximate analysis [db%]
ash 7.1 7.60 10.0 1.0 112 9.6 9.8 7.9
W™ 335 2645 214 377 238 214 196 36.0
FC 594 6595 686 613 650 690 706 561
Ultimate analysis [daf%]
C 839 87.36 884 823 860 89.6 90.0 835
H 5.1 489 49 5.5 47 459 458 5.11
N 22 195 21 1.6 1.5 154 222 1.89
S{combustible) 06 056 06 05 03 047 0.74 044
O(difference) 8.2 524 3.69 10.1 7.5 384 244 9.09
Gieseler plastometer(ASTM)
softening [C] 405 408 422 - 427 437 434 387
maximum fluidity {C] 435 462 470 - 452 466 475 434
loglmax fluidity/ddpm)-)  1.08 325 256 - 048 100 167 239
solidification [c] 457 496 502 - 473 490 497 462
Dilatometer(ASTM)
softening [C] 400 378 NM NM NM 403 417 368

472 421 NM NM NM 463 457 416
9 25 NM NM NM 26 27 30

maximum contraction[C)
]
] - 493 NM NM NM 487 504 454
]
]

[
maximum contraction[%
maximum dilatation [C
maximum dilatation [%
total dilatation  [%

- 128 NM NM NM -19 22 18
- 153 NM NM NM 7 49 48

- . immeasurable
NM : not measured
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3. Mass Flow Control Valve
6. Soap Meter

1. N2 Cylinder 2. Stop Valve
4. Pressure Gauge 5. Three-ways Valve
7. Pre-heating Part(Alumina Ball) 8. Distributor 9. Electric Furnace
10. Thermocouple  11. Gas Sample Part  12. Coal Bed

Fig. 1. Experimental apparatus.
Batch, 41.4mm i.d.
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Table 2. Experimental condition and results.

No. Coal Bed
Total Heating Q Agglomeration
Name dp  moisture Amount Height rate  N,,25C  temperature[C]

(um] (%] ldry-g) [em]  [C/min][ew/s] (Agglomerate weight[g))
1 CER 320 6.1 675 10 5 32 480 9
2 BYC 320 14 875 10 5 32 465 (5
3 WIT 320 3.2 809 10 5 32 440 (5)
4 PDH 320 1.0 824 10 5 32 415 (20)
5 GOO 320 1.0 83.6 10 5 32 395 (30)
6 GOO 390 1.1 82.7 10 2 46 400  (76)
7 GOO 920 11 848 10 2 263 396 (75)
8 GOO 390 22 742 10 5 46 400 (NM)
9 CER 390 81 58.8 8 4 46 No agglomeration
10 PDH 390 11 854 10 5 46 430 (5)
11 BYC 390 0.1 91.7 10 5 46  Not determined(3)
12 WIT 390 2.2 79.6 10 5 46 450 (3
13 LEM 390 2.0 80.7 10 5 46 405  (NM)
14 SAR 390 0.6 86.1 10 5 46 420 (NM)
15 BAL 390 1.2 85.7 10 5 46 435 (NM)
16 WIT 720 3.4 845 10 5 159 No agglomeration
17 CER 720 6.0 739 10 5 159 No agglomeration
18 PDH 720 1.3 91.0 10 5 159 430 (2)
19 BYC 720 1.8 856 10 5 159 No agglomeration
20 GOO 720 1.6 818 10 5 159 405 (5)
21 GOO 390 09 85,5 10 5 32 390 (17
22 WIT 390 29 811 10 5 32 440 (3)
23 GOO 390 1.3 84.4 10 5 159 440 (36)
24 WIT 390 25 81.9 10 5 159 No agglomeration
25 WIT 390 3.1 77.9 10 rapid(<420C)46 No agglomeration

5(420~500C)
26 GOO 390 1.0 82.1 10 rapid(<380C)46 420 (NM)
5(380~490C)

NM : Not measured
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Fig. 2. Determination of agglomeration tempera-

ture (GOO).
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Fig. 3. Determination of agglomeration tempera-
ture (PDH).
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Fig. 4. Relation between agglomeration tempera-
ture and softening temperature.
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Fig. 5. Relation between agglomeration tempera-
ture and log (max. fluidity / ddpm).
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Fig. 6. Relation between Tae- Teore (G.P.) and

log(max. fluidity / ddpm).
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Fig. 7. Effects of gas flow rate and heating rate on
agglomeration temperature.
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Fig. 9. Relation between CH, production temperature and agglomeration temperature.
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Fig. 10. Relation between H, production temperature and agglomeration temperature.
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