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Abstract—Granulation experiment was carried out in a 0.109 m ID, 1.8 m height fluidized bed combustor
of the multi-sized particles. Granulation of fine coal particles and fluidizing characteristics were investigated
by the pressure fluctuations, combustion efficiency, temperature profile and mean particle diameter. Granula-
tion mechanism was studied by the SEM analysis. Defluidization occurred in the mixed firing of salt and
anthracite coal and the information on the defluidization phenomena was interpreted with the pressure fluc-
tuation signals and temperature profile. It was found that the combustion efficiency in the elutriated stream

was increased 3-4 times by the granulation of fine coal particles and that the granulation mechanism was
agglomeration model.
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Fig. 1. Experimental facilities and data processing system
at high temperature.

1. Fluidized bed combustor 10. Manometer

2. Preheater 11. Vibrating

3. PID temp. controller discharger

4. Digital multithermometer 12. Air compressor
5. Pressure transducer 13. Regulator

6. Power supplier 14. Air filter

7. Amplifier 15. Flow meter

8. Personal computer 16. Screw feeder
9. Cyclone 17. Hopper
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Table 1. Experimental conditions

Variables Conditions
Superficial ‘gas velocity(m/sec) 0.204
Bed temperature(C ) 900
Aspect ratio(L/D) 1.0
Operation time(min) 400

Solid feeding rate(g/min) 30

NaCl concentration(wt%) 0-7
Excess air ratio(%) 20
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Table 2. Size distribution of anthracite coal of each parti-
cle size with moisture free basis in weight frac-

tion
US.STD sieve no. d,(mm) wt frac.
16/20 1.015 0.0840
20/30 0.715 0.1337
30/40 0.505 0.0978
40/50 0.359 0.0795
50/60 0.274 0.0457
60/70 0.231 0.0405
70/80 0.194 0.0411
80/100 0.163 0.0426
100/120 0.137 0.0205
120/140 0.115 0.0438
140/170 0.097 0.0336
170/200 0.081 0.0176
200/230 0.068 0.0393
230/270 0.058 0.0303
270- 0.053- 0.2500
1100 1.0
i Hg :0.125 m
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Fig. 2. Mean pressure and temperature profile with opera-
ting time for a defluidization experiment.
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Fig. 3. Power spectrum distribution for (A) normal fluidi-
zation state (B) deflnidization state.
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Fig. 4. Variation of mean particle diameter with added
NaCl content for the discharge stream.
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Fig. 5. Size distribution with added NaCl content for the
discharge stream.

(A) (B)
Fig. 6. Comparison of photograph for (A) multi-sized ash
(B) granule formed in the agglomeration procedure
of ash.
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Fig. 7. Relative combustion efficiency with added NaCl
content for the elutriated stream.
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Fig. 8. Combustion efficiency with added NaCl content
based on both discharged and elutriated streams.
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Table 3. Combustion efficiency of discharged and elutria-
ted particles with added NaCl content

Particle Combustion efficiency
(mm) NaCl 0% NaCl 1% NaCl 3% NaCl 5% NaCl 7%
1015 98 98 98 98 98
0.715 98 98 98 98 98
0.505 98 98 98 98 98
0.359 97 98 98 98 97
0.274 93 95 95 95 9
0.231 86 88 85 90 85
0.194 71 76 87 83 80
0.163 46 61 77 70 66
0.137 39 48 71 65 57
0.115 23 M 63 53 48
0.097 20 32 58 52 45
0.081 18 32 62 54 51
0.068 20 30 46 42 38
0.058 13 23 47 34 32
0.053 45 53 73 64 65

Fig. 9. SEM micrograph of granule along the radial direc-
tion.
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H, : measuring height above distributor [m]
k : Boltzmann constant [J/mol-K]
Na : Avogadro number
T : reduced temperature
T, : characteristic temperature [K]
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v, : characteristic molar volume [m?®]
X,(d,) :combustion efficiency of particles of a size
dp

X..(d,) : weight fraction of ash in feed coal particles
of a size d,

X.(d,) : weight fraction of carbon in feed coal parti-
cles of a size d,

X..(d,) : ash fraction of discharged and elutriated parti-
cles of a size d,

X.(d,) : carbon fraction of discharged and elutriated
particles of a size d,

c : surface tension [N/m]
Ne : total combustion efficiency
HoES
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