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Abstract — Solid ash-free coal (AFC) samples recovered from solvent-extracted solution by vacuum drying, dilution
precipitation and spray drying methods were compared in terms of physical properties and chemical structure. AFC was
prepared by using Kideco coal (Indonesian sub-bituminous coal) and polar N-methyl-2-pyrrolidone (NMP) solvent as raw
materials. The physical properties of the AFCs were characterized with proximate, ultimate, and calorific value analysis. In
analyzing the chemical structure, FTIR and NMR were used. the proximate analysis showed much reduced ash in the
AFCs compared to parent raw coal. The FTIR result showed that the extraction solvent was not fully removed from the
AFC prepared by vacuum drying. However, the solvent was not detected in the AFC recovered by using dilution pre-
cipitation. Dilution precipitation has advantages over the other two methods, since it can be done at relatively low tem-
perature and separate ash-free coal from extraction solvent more effectively.
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Table 1. Characteristic of the extraction solvent and the dilution solvent

Chemical ~ Molecular  Boiling point .

Sample formula weight (°C) Polarity
NMP CsHgNO 100 202 polar
Water H,0 18 100 polar
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Fig. 1. Flow chart of extraction.
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Table 3. Ultimate analysis of raw and ash-free coal samples
Ultimate analysis (wt%, daf*)

Sample
C H N S (¢}
Raw 65.41 4.77 1.13 0.19 28.50
EC-VD 74.35 6.23 5.83 0.10 13.49
EC-DP 76.05 5.93 3.71 0.11 14.20
EC-SD 69.32 5.55 3.29 0.12 21.72

*Dry and ash-free basis
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Fig. 2. FT-IR analysis results of raw and ash-free coal samples.
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Table 2. Proximate analysis and calorific value of raw and ash-free coal samples

Proximate analysis (wt%) Calorific
Sample - - - - -
Moisture Ash Volatile Fixed Carbon Volatile (daf*)  Fixed Carbon (daf¥)  value (kcal/kg)
Raw 27.23 4.59 33.42 34.76 49.02 50.98 4410
EC-VD 0.50 1.09 55.55 42.86 56.45 43.55 7581
EC-DP 0.50 0.82 51.02 47.66 51.71 48.29 7496
EC-SD 0.52 243 57.26 39.79 59.01 40.99 6659

*dry and ash-free basis
Korean Chem. Eng. Res., Vol. 54, No. 2, April, 2016
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Fig. 3. The fitted '3C NMR spectra of raw and ash-free coal samples.
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Table 4. The proportion of functional groups calculated from the fitted NMR spectra

) ; Aromatic Aliphatic
Assignment o C=0 COOH Ar-O Ar-C Ar-H R-O-R,R-OH  -OCH, CH, CH,
Peak position (ppm)
200 180~175  160~145  141~131  124~100 89~80 75~54 4924 1838~113
Raw 244 6.46 19.57 2291 16.74 0.62 3.66 23.59 401
S EC-VD 2.02 8.33 12.23 19.34 21.27 0.40 3.57 242 8.64
ample
P EC-DP 0.81 5.68 13.77 24.96 22.68 0.64 1.99 219 7.57
EC-SD 3.59 8.71 17.22 17.41 16.61 0.88 3.75 25.12 6.71
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