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Coal Particle Behavior in a Continuous Fluidized Bed

Shinichi SUYAMA and Kouji TAKATANI

Synopsis : In the coal pretreatment process of SCOPE21, a continuous fluidized bed dryer is used as the first stage equipment before rapid heating in
pneumatic preheaters. Since raw coal is simultaneously dried and classified into fine and coarse coal, coal particle behavior should be clari-

fied to design the equipment. The separation behavior and RTD (residence time distribution) are studied. The separation behavior affects the
fine and coarse coal ratio and RTD affects the heat efficiency for drying and heating. Both behaviors are important factors for designing the
dimensions and operational conditions of the pilot and actual plant. In this paper, cold model and bench plant results are described.
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Fig. 1. Outline of experimental apparatus.
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Table 2. Experimental conditions.

Bed Mean Residence Coal feed Coal

Gas velocity

R Distribut
Ei‘xp Height time rate Moisture  Freeboard Bed Ish” utor Remarks

% (mm) (min) (kg/hr) (%) (m/s) (m/s) shape
1 300 2.5 600 4.4 1.0 3.0 ¢7
2 300 1 1500 1.8 1.0 3.0 o7
3 300 2.5 600 1.8 1.0 3.0 o7
4 300 2.5 600 10. 4 1.0 3.0 7 batch test
5 300 2.5 600 4.5 1.5 4.5 o1
6 300 2.5 600 4.5 1.5 3 17 Bypass control
7 300 2.5 600 - 4.5 1 3 TypeA
8 300 2.5 600 4.5 1 3 TypeB
9 300 2.5 600 4.5 1 3 TypeC
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Fig. 2. Distributors used in the experiment.

Table 3. Conditions and results of solid dispersion coefficient measurement.

Bed Mean Residence Coal feed

Gas Solid dispersion coefficient Ds (m?/s)

BXP- fracer Height time rate  velocity estimated
No. ) observed
(mm) (min) (kg/hr)  (n/s) eq.(4) eq.(5)
1 [o0. 5] 300 5.0 300 2.4 0.00198 0. 00588 0. 00176
2 [1.0] 300 5.0 300 2.4 0. 00157 0.00374 0.00156
3 [5. 0] 300 5.0 300 2.4 0. 00137 0.00157 0.00135
4 [0. 5] 300 2.5 600 2.4 0. 00260 0. 00661 0.00312
5 [1.0] 300 2.5 600 2.4 0. 00259 0. 00421 0. 00277
6 [5. 0] 300 2.5 600 2.4 0.00229 0.00177 0.00239
7 [0. 5] 300 1.0 1500 2.4 0. 00606 0. 00776 0. 00678
8 [1.0] 300 1.0 1500 2.4 0.00633 0. 00494 0. 00603
9 [5. 0] 300 1.0 1500 2.4 0. 00586 0. 00208 0. 00520
10 [0. 5] 300 2.5 600 2.7 0. 00275 0. 00717 0.00312
11 [1.0] 300 2.5 600 2.7 0. 00272 0. 00459 0. 00278
12 [5. 0] 300 2.5 600 2.7 0.00374 0. 00201 0.00239
13 [0. 5] 300 2.5 600 3.0 0. 00161 0. 00687 0.00176
14 [1.0] 300 2.5 600 3.0 0.00160 0. 00442 0. 00157
15 [5. 0] 300 2.5 600 3.0 0.00156 0.00199 0.00135
16 [0. 5] 150 1.3 600 2.4 0. 00223 0. 00521 0.00126
17 [1.0] 200 1.7 600 2.4 0. 00255 0. 00357 0.00167
18 [1.0] 400 3.3 600 2.4 0. 00307 0. 00485 0. 00387
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Table 4. Effect of coal moisture on classification.

Fine coal Moisture ( % ) Remarks
Exp. MF_QT efficiency Feed Coarse Fine
Case (min) (%) coal coal coal
[ 2.5 31.3 4.4 2.8 2.9
2 1.0 14.3 1.8 2.0 L7
3 2.5 21. 7 1.8 1.8 1.7
4 2.5 2.2 10. 4 9. 8(x) 2.5 (*)Sﬂmling after 2minutes
MRT: Mean Residence Time
___I I T | T 'l T I T l _l 1 00 .
n“f 2.0 Moisture 8.6% _.>7 b
X G- -7 A 80 4
o . - o
5 1.8 Moisture 10.7% X .
n 6 - ~
] g 60 .
g 1.6 - .ﬁ |
- n 2
@ 14 — L 401 ) .
M Coal size: —10mm | s | Case ?";')& (MiﬁT & -
0 ¢l
1.0l L . L . L " J . ! o0+ L1 44 25 313 |
1.0 2.0 3.0 4.0 5.0 82 18 10 143
Gas superficial velocity in bed (m/s) d . haet04 25 22
. . o . .01 . A 3 1
Fig. 3. Effect of coal moisture on fluidized behavior. 0.03 O 0
Coal diameter (mm)
Fig. 4. Effect of coal moisture on classified fine coal.
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Table 5. Coal size distribution inside fluidized bed in operation.

Size  Feed coal Inside fluidized bed (%) C°s'7e RT
coa

(mm) (%) Total No. 1 No. 2 No. 3 % (-)

2.0 40.5 394 34.5  40.5  43.1 54. 6 0.97

+1.0-2.0  25.0 22.5 243 22.0  21.1 23.4 0.90

$0.5-1.0 19.5 19.2 203 18.7  18.7 14.5 0.99

$0.25-0.5 _ 15.0 18.9 209 187  17.0 1.5 1.26

RT: Residence time ( Mean residence time = 1)

Table 6. Change of fine coal ratio caused by removing.

Mean residence time (min)
1 2.5 5 10
(1) Feed coal -0.25mm | 20.6 20. 6 21. 4
-0. 105mm 8.7 8.7 11. 4
(2) After experiment -0. 25mm 19.2 23.7 ) 20.0
=0. 105mm 9.6 11. 8 10. 6 14.2
2/ -0. 25mm 0.93 1.15 1.03 1. 06
-0. 105mm 1.10 1. 36 1.25
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Fig. 10. Estimation of solid dispersion coefficient (this
work).

=)
¢

.01
8 0.010 T T T T T T T T T
4 L | Coal diameter i
= O 0.5mm
% - @ 1.0mm -
o O 5.0mm
E - _
- [ ]
5 [ o 5
O
aq:) 0.005 -
Q
o | u
8 ©
2 = \d -
g o o® od
@ - m
°
° O [ 3N J m}
= L N
w

0.000 1 Il 1 i 1 ] 1 1 Il

0.000 0.005 0.010
Solid dispersion coefficient (m?/s) [estimated]

Fig. l1. Estimation of solid dispersion coefficient (Eq.

4).
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