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A Study of Desulfation Characteristics of Circulating Fluidized Bed
Combustion for Domestic Anthracite
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Abstract

Circulating fluidized bed combustion (hereafter CFBC) technology enables an efficient combustion for the
materials with low heating values such as high ash coal and sludges. It also has desulfation function by adding
limestone directly to combustor. The CFBC has been considered as one of the best processes for low grade coal
containing with large contents of ash and suifur. In this paper, in order to various tests were performed to find the
optimum desulfation condition for CFBC using Korean Anthracite. We surveyed possible parameters and
conducted desulfation efficiency test in D Thermal Power Plant. In addition, the result of some fundamental
theoretical consideration was discussed with CFBC.

Optimum limestone size could be considered to be 0.1 ~0.3 mm irrespective of combustion temperature and
Ca/S molar ratio variation.

Desulfation efficiency increased as the molar ratio increased. Because desulfation process occurs at the surface
at higher temperature, inner side of limestone can’t be utilized. When surface area is not appropriate, some SO,
emit without reaction. Optimum molar ratio should be decided after considering chemical and physical properties
of limestone and coal thoroughly such as particle size, pore size and HGI. Commercial CFBC is operated at Ca/S
1.6. Combustor temperature 840 ~ 870°C shows good desulfation efficiency.
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Fig. 2. Schematic of CFBC boiler applied in this study.
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Table 1. Analysis of feed coal.

Description Unit Value
Proximate Analysis (air dry basis)
Moisture o, Wt. 33
Ash %, wt. 39.0
Volatile Matter o, wt. 40
Fixed Carbon %, Wt. 537
Fuel Ratio (air dry basis) F.C./V.M. 134
Ultimate Analysis (dry basis)
Carbon %o, wt. 55.7
Hydrogen %, wt. 0.3
Nitrogen %o, wt. 0.2
Sulfur %, wt. 0.5
Oxygen %o, wt. 3.8
Ash o, Wt. 404
Higher Heating Value
As fired basis kcal/kg 4,230
Air dry basis kcal/kg 4,430
Dry basis keal/kg 4,600
Ash Analysis
SiO, %, wt. 545
AlLO; %, wt. 31.5
Fe,0, 9, wt. 4.7
Ca0O %o, Wt. 1.3
MgO . %, wt. 1.0
K,0 %, wt. 4.0
Na,O %, Wt. 0.5
Others o, wt. 2.5

Table 2. Analysis of coal particle size.

Particle size Before crusher (%, wt.) After crusher (%, wt.)
Under 0.10 mm 10 10
0.10~ 1.0 mm 37 43

1.0 ~2.0mm 16 20

2.0 ~3.0mm 6 7

3.0mm ©] A+ 31 20
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Table 3. Chemical analysis of limestone particles.

Table 5. Chemical composition of the used limestone.

Composition Unit Design Result Composition Fine limestone Coarse limestone
CaCO, %, Wt. 90.0 90 CaCO, 90 90
MgCO; %, wt. 4.2 4 MgCO; 34 33
Sio, %, wt. 2.0 0.3 SiO, 1.7 1.7
ALO; %, wt. 0.4 0.3 AlLO; 04 04
Fe,0; %, Wt. 0.3 0.3 Fe.O, 0.3 0.3
H.,O %, wt. 0.5 0 Others 4.2 4.3
Others 90, wt. 2.6 5.1
Total 100 100

Table 4. Analysis of the used limestone particle size.

Fine limestone Coarse limestone

Sieve
size

Specification Distribution Specification Distribution

Under

100% 100% 100% 100%
1.0mm
Under ¢ o _
0.7mm up 95% 100% 90%
Under . _ o
0.5mm up 90% 91% 65%
Under
0.1mm Under 25% 23% Urder 25% 21%
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Table 6. Desulfurization by limestone as a function of
sized combustion temperature.

Fine L/S Coarsel/S
Combust. (0.1~0.3mm) 0.3~0.5mm)
temp. a/'S

) ratio  §Ox Desulfurization SOx Desulfurization

(ppm) (%) (ppm) (%)

1.6 252 52 286 45

1.7 240 53 270 48

880 25 179 179 65 223

3.2 146 72 161 69

3.6 130 75 140 73

1.6 328 37 345 33

1.7 312 40 324 37

890 3.0 188 64 222 57

32 164 68 167 68

36 141 73 146 72
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Fig. 3. Desulfurization rate results depending on lime-
stone size and L/S mole ratio.

Table 7. Effects of Ca/s mole ratio on desulfurization.

Fine L/S CoarselL/S
Col?r?ll;ft- cus (0.1~0.3mm) (0.3~0.5mm)

o) ratio. §Ox Desulfurization SOx Desulfurization

(ppm) (%) (ppm) (%)

1.6 252 52 286 45

1.7 240 53 270 48

880 2.5 179 179 65 223

32 146 72 161 69

3.6 130 75 140 73

1.6 328 37 345 33

1.7 312 40 324 37

890 3.0 188 64 222 57

32 164 68 167 68

3.6 i41 73 146 72
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Fig. 4. SO, gas concentration of a variation of Ca/S mole
ratio
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Table 8. Desulfation rate variation by temperature change.

Temperature (°C) SO, (ppm) Desulfation rate (%)
840 141 73
850 132 74
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870 115 78
880 165 68
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Fig. 5. Desulfation rate of as a variation of temperature.
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