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Abstract—Domestic anthracite and imported bituminous coals were treated according to the molten caustic
leaching procedures and changes in their organic structures were investigated. The investigation was conduc-
ted through ultimate analysis, functional group analysis using IR/NMR, and vitrinite reflectance measurements
and marceral analysis with microphotometer. The results of analyses showed that the H/C ratio and the
highly reactive aliphatic hydrocarbon groups linked with aromatic hydrocarbons decreased and the vitrinite
reflectance increased with treatment. These are changes observed when carbonization occurs. However, the
results of the observation of maceral surface showed that the surface of the organic groups was severely
damaged and the anisotropy, which should increase with carbonization, decreased. The decrease in the com-
bustion temperature and the increase in combustion reactivity were attributed to the physical changes on
the surface of organic groups rather than to the chemical changes such as break down in the orgahic groups.
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Table 1. Basic analytical results for raw and treated coals
JangSung Bituminous
Raw Treat Raw Treat

Proximate Moisture 301 401 24 561
analysis Volatile matter 5.82 82 30.6 27.88
(dry basis) Fixed carbon 55.2 81.95 51.3 66.44

Ash 36.1 54 15.8 0.5

Ultimate C 90.2 93.66 81.1 86.66
analysis H 1.7 0.84 5.0 4.69
(dry ash free basis) 0 55 5.28 10.8 6.76

N 0.16 - 1.78 154
S 0.78 0.22 0.86 0.35

Gross calorific value 4710 7073 6886 7526
(dry basis, kcal/kg)

Characteristic IT 5684 386.3 3499 321.1
combustion PT 641.0 493.0 490.8 490.1
temperature BT 683.5 605.2 568.1 545.9

Surface area(BET, m*/g) 124985 8.7785 32.6657 189.5456

Particle mean diameter(um) 33 42 65 51

Maximum reactivityth !, 500C) 0.587 243 3.065 3.407

IT: Initiation Temperature, C

PT: Peak

BT: Burn-

Temperature, C
out Temperature, C

Table 2. Major infrared absorption bands of coal[9]

Wave number

em Y Assignment
3330 Associated OH and NH(hydrogen bond-
ed)
3030 Aromatic C-H stretching
2940 Aliphatic C-H stretching
1600 Aromatic ring C=C vibration enhanced
by oxygen groups(quinone, ether)
1575 Condensed aromatic ring C=C
1460 Aliphatic CH,
1370 CH; groups, cyclic CH; group
1250 Possibly C-O and/or C-O-C, ether C-O
1175 in phenolics, quinones, etc.
870 Aromatic C-H out of plane bending
814 (Aromatic bands)
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Fig. 1. IR spectra of raw and treated coals.
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Table 3. Chemical shift of coal in *C NMR(CP-MAS tech-
nique)(9]
Chemical shift Assignment

Aliphatic band(3-55 ppm)

15 Methyl carbon attached to aliphatic
moieties
20 Methyls attached to aromatic species, 8-

methylene in aliphatic structure and a
myriad of other possible methylenes
29 Methylenes in cyclic and hydroaromatic
species or carbons removed(by 5 or more
positions) from terminal point or a point
of branching in a paraffinic chain
39-44 Carbons appearing at or adjacent to high-
ly branched centers which have paraffi-
nic, ethylenic or aromatic groups attach-

ed
Aromatic band(95-165 ppm)
155 Olefinic or five-member structures
128-145 Substituted aromatic carbon
155-165 Phenolic carbon
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Fig. 2. ®C NMR spectra of bituminous coals.
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Fig. 3. Reflectance of raw and treated coals.
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Fig. 4. Photomicrograph of anthracite marcerals.
Vitrinite(raw) Fusinite(raw)
Vitrinite(treat) Fusinite(treat)

Fig. 5. Photomicrograph of bituminous marcerals.
Fusinite(raw) Typical shape(raw, oriented)
Fusinite(treat) Typical shape(treat. weathered)
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