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Abstract — Extraction was performed to prepare ash-free coal from low rank coal under the temperature of 200-430 °C
and initial pressure of 0.1MPa. Three kinds of coal samples with different rank were used and N-methyl-2-pyrrolidi-
none(NMP, polar), 1-methyl naphthalene(I-MN, non-polar), Light Cycle Oil(LCO, non-polar) were used as solvents.
Results showed that higher extraction yield could be obtained with NMP than with 1-MN and LCO, but the ash con-
centration shows minimun in the case of 1-MN. Three operation modes were compared, that is, idle, agitation and ultra-
sonic extraction mode. From the results, it was found that the extraction yield and ash concentration were 70.09% and
1.03% under the agitation mode, 80.7% and 0.76% under the ultrasonic operation mode respectively in the case of NMP
used at the temperature of 350 °C. Similar results were obtained with 1-MN. Effect of ultrasonic on the extraction was
estimated as 15-20% increase in the yields and 26% reduction in the ash concentration.
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Table 1. Proximate and ultimate analysis of raw coal samples
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Fig. 1. Schematic of experimental apparatus for solvent extraction
(a) idle and agitation mode, (b) ultrasonic mode.

Item Proximate analysis (Wt%, air dry basis)

Ultimate analysis (wt%, air dry basis) Calorific value

Coal Moisture VM Ash FC C H N 0 S (kcal/kg)
Kideko coal 7.37 36.28 6.53 57.19 75.60 5.03 0.76 12.19 0.37 6,400
Roto South 25.58 49.57 4.62 45.81 68.40 477 0.76 21.40 0.05 6,000
Sunhwa coal 12.51 34.95 5.89 59.16 76.45 4.89 0.32 12.91 0.28 6,390
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Fig. 2. Relations between extraction yield and temperature with dif-
ferent kinds of solvent and coal samples.
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Table 2. Proximate and ultimate analysis of extract and residue coal samples

. Extraction Proximate analysis (wt%, db) Ultimate analysis (wt%, db) Calorific value
Coal Extraction mode . H/C 0O/C

yield (%) M VM Ash FC C H N 6] S (kcal/kg)
Roto south coal - - 2558 4957 462 4581 6840 477 0.6 2140 005 084 023 6,000
Ultrasonic 80.70 145 5337 076 4587 8055 605 458 803 003 090 007 7,700
EXtEaEcé)c"al Agitation 70.09 130 5632 1.03 42.66 78.66 620 445 969 003 095 0.09 7,630
Idle 67.27 203 6268 092 3640 7845 6.18 412 1030 003 095 0.10 7,590
, Ultrasonic - 3.06 4292 927 4781 7355 475 395 844 004 077 0.09 6,730
Res‘(clg‘ce)coal Agitation . 261 4320 867 48.14 7225 473 378 1064 007 079 0.1 6,590
Idle - 354 4745 879 4376 7215 494 355 1050 0.07 082 0.1 6,590
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