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Abstract—Korean anthracite, JangSung coal, has been treated with molten caustic leaching using several
reaction temperatures, NaOH/coal ratios and particle sizes of raw coals. Ash removal rates, variations in
combustion temperatures and combustion rates after treatment were investigated by using TGA(Thermogra-
vimetric Analyser). Results for a typical bituminous coal and a foreign anthracite at a fixed condition of
390C , NaOH/coal ratio of 4 were also compared with that for a JangSung coal. It had been found for JangSung
coal that the ash removal rates were 64-88% and the combustion peak temperature lowered about 150T
after treatment so that the combustion range of treated coal became similar to that of bituminous coal. Varia-
tions in particle size, surface area after treatment were measured and the ratio of volatile matter to fixed
carbon(VM/FC) representing coal rank were calculated. The relationship between VM/FC ratio and the
variations in combustion temperatures after treatment was discussed briefly.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Proximate analysis and calorofic values of raw coals

. Volatile Fixed Calorific
Coal Moisture matter carbon Ash value(kcal/kg)
JangSung 3.01 5.82 55.2 36.1 4710
ULAN 24 30.6 513 15.8 6886
Importerd anthracite 151 8.58 64.31 25.6 5818

air dry basis, weight percent

Table 2. Residual ash contents of sample coals after chem-
ical cleaning by molten caustic leaching(MCL)

JangSung NaOH/Coal
Temperature(C ) 2 3 4 5
350 16.9 8.1 75 8.1
390 11.8 6.5 6.3 6.4
490 6.3 75 6.2 8.0
ULAN(390C, NaOH/Coal=4) 1 0.76
Imported anthracite(390C , NaOH/Coal =4) :6.1
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Fig. 2. Burning profiles of raw and MCL treated(390°C,
NaOH/coal of 4) coals.
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Table 3. Characteristic combustion temperatures for raw
and MCL treated coals

Leachng NaOH/ Combustion

Coal temperature(C) Coal temperature(C)

Raw coal IT PT BT

JangSung 568.4 641.0 683.5

ULAN 349.9 490.8 568.1

Imported 4754 566.1 624.8

anthracite

Treated

JangSung 350 2 446.2 597.7 646.0

3 4129 5106 6226

4 4129 5009 638.7

5  429.7 535.1 630.6

390 2 4045 517.2 6224

3 3949 501.3 5969

4 3863 493.0 605.2

5 3763 485.7 597.0

490 2 370.2 4437 564.0

3 3782 4429 5722

4 3778 4436 563.2

. 5 379.1 451.2 5727

ULAN 390 4 3211 490.1 5459

Imported 390 4 4226 527.2 6150

anthracite

IT: Initiation Temperature
PT: Peak Temperature
BT: Burn-out Temperature
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Fig. 3. Burning profiles of JangSung coal after chemical
cleaning by MCL with different temperatures at
a NaOH/coal ratio of 4.
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Table 4. Proximate analysis and calorific values of typical
sample coals after chemical cleaning by MCL

JangSung JangSung ULAN i::ii:;i
.3 390.4 390.
(390.3F  (3904)  (390.4) (390.4)
Moisture 2.85 4.01 5.61 1.98
Volatile matter 4.66 8.2 27.88 8.13
Ash 6.71 584 0.07 4.26

Fixed carbon 85.78 81.95 66.44 85.63

Calorific value 7178 7073 7526 7765
(kcal/kg)

a: (Leaching Temperature, NaOH/Coal)
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Table 5. Calculated ratio of volatile matter to fixed carbon
(VM/FC) representing coal rank for raw and
MCL treated(390°C, NaOH/Coal ratio of 4)

coals
VM/FC
Coal
o Raw Treat
JangSung 0.0504 0.093
ULAN 0.565 0418
Imported anthracite 0.0967 0.088
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Fig. 4. Conversion of raw and MCL treated coal chars

with various reaction times at 500°C(JS: Jang-
Sung, IA: Imported Anthracite).

Table 6. Maximum reactivity for raw and MCL treated
(390°C, NaOH/Coal ratio of 4) coals at 500

°C
Maximum reactivity(h ™)
Coal Raw Treat
JangSung 0.587 243
ULAN 3.065 3407
Imported anthracite 2.304 2922
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Fig. 5. Variations of particle size distribution of ULAN
and JangSung coal before and after chemical clea-
ning by MCL at 390°C and NaOH/coal ratio of
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Table 7. Changes in surface areas for JangSung coal after
chemical cleaning by MCL(390°C, NaOH/Coal

ratio of 4)
Coal BET surface area(m?/g) Micropore area(m?/g)
Raw 12.4985 2.1431
Treat 8.7765 0.2932

Table 8. Residual ash contents and combustion tempera-
tures of JangSung coal after chemical cleaning
by MCL(390°C, NaOH/Coal ratio of 4) with
different maximum particle size of raw coal

Maximum Residual Combustion
particle ash temperature(C )
size(ym) contents(wt%) IT PT BT

120 6.3 3863 493.0 6052
147 8.1 3994 5155 6418
246 9.0 406.6 5322 6404
351 9.7 407.1 5345 6482

IT: Initiation Temperature
PT: Peak Temperature
BT: Burn-out Temperature
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