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Abstract — Attrition characteristics of domestic low grade anthracite coal have been studied in a bench-scale fluid-
ized bed combustor. As operating variables, excess gas velocity(U-U,,,3, bed temperature, and excess air ratio were ap-
plied. Attrition characteristics such as carbon attrition rale, ratio of elutriated attrited carbon to feed carbon, as well as
analysis of compositions and size distributions of coals and ashes were investigated. The experimental results show
that the carbon elutriation due to attrition is in the range of 5-15% of the feed carbon, increases with the excess gas
velocity. and decreases with increasing bed temperature and excess air ratio. Alsu. the carbon attrition rate of domestic
low grade anthracite coal is shown to be greater than that of other type of coals because of the higher in-bed carbon
load resulting frum their lower reactivity. The following correlation has been suggested for the ratio of elutriated
attrited carbon to feed carbon.
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Table 1. Proximate and ultimate analyses of coal

sample

A (%) A4 FA (dry basis, %)

F % 4.20 C 32. 84

3w+ 3.86 H 0.57

3 + 60.90 0] 3.92

nAELA 31,04 N 0. 14
S 0.12
Ash 62. 41

H.H.V.: 2400 kcal/kg

Fig. 1. Bench-scale fluidized bed coal combustor.

1. Coal hopper 2. Screw feeder
3. Combustor 1. 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. LLPG bomb

71 (1/10), 20lxj3ke] screw feeder 2 +4 5|5 H4
24 7] (variable speed controller)& AF&-ste] 4l
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Table 2. Experimental conditions

2 odazoA T AT Al vl

Variables

Operating ranges

Coal feed rate
Bed temperature

Fluidizing velocity

Excess gas velocity
Air flow rate

Excess air ratio
Static bed height (1.,/D))

10-18 kg/hr
850-950°C
1.5-2.1 m/sec
1.0-1.6 m/sec
38-58 Nm?hr
1.0-1.4
1.0-1.3

sl Y

bon attrition rate), BFEob2H

=]
A

ElAwl 2 & (car-

%] (ratio of elutria-

ted attrited carbon to feed carbon) 5% & 4 slo

Table 3. Size distributions of coal and ashes

Size range Cumulative fraction (-)
(mm) Coal Bottom drain Cyclone collection

3.36-2.00 0.327 0.215

2.00-1.41 0.601 0.459

1.41-1.00 0.882 0.752

1.00-0.71 0.984 0911

0.71-0.42 0.970 0.071
0.42-0.25 0.988 0.339

0.25-0.177 0.507
0.177-0.125 0.652
0.125-0.074 0.818
0.074-0.053 0.893
0.053-0.044 0.994
0.044-0.000 1.000 1.000 1.000
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Table 4. Composition and carbon conversion of elutriated particles

Weight

Fixed carbon  Conversion

Size range (mm) fraction Moisture (%) Volatile (%) Ash (%) %) %)
0.710-0.420 0.092 1.38 1.84 83.88 12.90 69.8
0.420-0.250 0.264 2.26 2.07 67.78 27.89 19.2
0.250-0.177 0.159 2.94 221 63.44 31.41 2.9
0.177-0.125 0.133 2.19 2.04 65.02 30.75 7.2
0.125-0.074 0.140 1.89 1.95 74.15 22.01 41.8
0.074-0.053 0.080 1.16 2.19 84.43 12.22 71.6
0.053-0.044 0.115 0.80 2.10 90.66 6.44 86.1
0.044-0.000 0.017 0.14 1.93 88.90 7.73 829
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NOMENCLATURE
D, . inside diameter of combustor [m]
dp . particle diameter of feeding coal [mm]
H.H.V. : high heating value [kcal/kg]
L, : static bed height [m]}
L,/D; : static bed height [-]
r? : correlation coefficient [~]
T, : bed temperature [°C]
] : fluidizing velocity [m/sec]
Upr : minimum fluidizing velocity [m/sec]
X, : excess air ratio [-)
Yeu . ratio of elutriated attrited carbon to feed car-

bon [%]
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