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Abstract — Characteristics of the freeboard combustion were experimentally investigated with the low-grade
Korean anthracite in a bench-scale fluidized bed combustor. Korean anthracite used in this study had a heating value
of about 2500 kcal/kg and contained about 60% ash. The axial distribution of temperature, Oy and CO concentration
distribution with respect to freeboard were measured. The fraction of carbon combustion in the freeboard were also
estimated. The experimental results showed that carbon combustion reaction in the freeboard mainly depended on
coal particle size, bed temperature, and fly ash recycle ratio. The fraction of carbon combustion in the freeboard was
found to be in the range of 2-10% without fly ash recycle, huwever it increased up te 20% with recycling of fly ash. The
following correlation was obtained for the fraction of carbon combustion in the freeboard:

Y =-22.50+ 0.04(Tb)—3.25(Ug,,)—6.67(5,,) + 11.57(R/F).
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Fig. 1. Bench-scale fluidized bed coal combustor.

1. Coal hopper 2. Screw feeder
3. Combustor 4. Distributor

5. Pressure tap 6. Thermocouple
7. Gas probe 8. Cooling tube
9. First cyclone 10. Second cyclone
11. Fly ash hopper 12. Recycle screw
13. Sight glass 14. LPG bomb
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Table 1. Experimental conditions
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Table 2. Size distribution of feed coals

Coal feed rate 9-16 kg/hr

Coal size <3 mm

Bed material size <3 mm

Air flow rate 40-60 m3hr at 20°C, 1 atm
Excess air 0-40%

Fluidizing velocity 1.5-2.3 m/sec

Static bed height 20-26 cm

Freeboard pressure 20 mmH,0

Bed temperature 850-950°C

Recycle ratio (R/F) 0-1.5
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Sample Cumulative fraction (-)
Size (mm) dy dp2 dys
2.83-2.00 0.31 0.13 0.11
2.00-1.00 0.78 0.36 0.29
1.00-0.71 0.94 0.48 0.39
0.71-0.42 0.96 0.62 0.55
0.42-0.25 0.97 0.81 0.73
0.25-0.177 0.98 0.92 0.89
<0.177 1.00 1.00 1.00
Mean size (mm)  0.996 0.390 0.327
H.H.V. (kcal/lkg) 2320 2650 2680
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Table 3. Coal properties

Ultimate analysis

Proximate analysis (wt%) (dry basis, wt%)

Moisture 4.48 C 33.94
Volatile matter 4.64 H 0.57
Ash 58.02 O 4.06
Fixed carbon 32.86 N 0.12
S 0.10

Ash 61.21
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F& Mot
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Fig. 2. Effect of feed coal size on the axial tem-
perature profile.
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Fig. 3. Effect of recycle ratio on the axial tem-

perature profile.
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NOMENCLATURE
C,, : carbon burning rate in the freeboard [kgmol/
sec]
A[CO] : difference in CO concentration between two
levels in the freeboard [%]
C, : total carbon feed rate [kgmol/sec]
ap : mean particle diameter of feed coal [mm)
dpy, dyp d3° classification of feed coal based on the

size distribution provided in Table 1
N : molar flow rate of flue gas [kgmol/sec]

A’foz]: difference in O, concentration between two
levels in the freeboard [%]

R/F : recycle ratio based on the coal feed rate [-]

T, : bed temperature [°C]

Ugp : fluidizing velocity [m/sec]

Xea @ excess air ratio [%)

Y, : fraction of carbon combustion in the freeboard

[%]
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