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Effect of solvent on direct coal liquefaction

XUE Yong-bing', LING Kai-cheng’
(1. School of Chemical and Biological Engineering, Taiyuan University of Science and Technology, Taiyuan 030021, China;
2. Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Using a resonance agitation reactor the effect of solvent on liquefaction of Chinese Yangcun
bituminous coal under H, or N, under 7.0 MPa (cold) was studied. The results show that chain hydrocarbon and
mono-ring series compounds are not good solvents. For the same series solvents, partly hydrogen aromatic
compounds are the best solvents, followed by aromatic compounds with chain and aromatic compounds.
Cycloparaffin and phenols are bad solvent. Decalin and methylnaphthalene do not change H, into active hydrogen

because coal conversion is similar under H, or N,. Tetralin can change H, into active hydrogen.
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Table 1 Proximate and ultimate analysis of coal

Proximate analysis w/ % Ultimate analysis wg,./ % H/C
M, A, Viar FC C H N S o" (atomic ratio)
0.83 7.20 45.50 54.50 78.55 5.29 1.12 0.96 13.71 0.81

" by difference
F2 BRLERBAFELER

Table 2 Physicochemical data of solvents used in coal liquefaction

Solvent Molecular weight Melting point #/C Boiling point ¢/C Critical temperature t/C
Paraffin liquid - - >300.0 -
Stearic acid 284.4 71.5 376. 1
Cyclohexane 84.1 6.5 80.0 280.4
Benzene 78.1 5.5 80.1 289.41
Cresol 108. 1 11.0 202.8 432.0
Toluene 92.1 -95.0 110.6 320.4
Naphthalene 128.1 80.2 218.0 476.6
1- methylnaphthalin 142.2 - 242.0 -
Ttetralin 132.2 -35.7 207.6 -
Decalin 138.2 -43.0 196.6 419.0
1-naphthol 144.1 96. 1 280.0 -
2-naphthol 144.1 123.0 286.0 -
Diphenylium 154.2 71.0 255.9 526.7
Anthracene 178.2 216.6 351.0 -
Phenanthrene 178.2 99.0 340.1 -
Pyrene 202.2 150.0 393.5 -
Di-B-naphthol 286.3 218.0 - -
2 LER R £3 AAGAENRELHTMN
2.1 SRR H B Table 3  Effect of ratio of solvent to coal on coal liquefaction
FSE AR T R A RER A RS Solvent Solvent:coal
P2 1-FHS CRTAR MIN) P 7 SO A 55 Tetralin BS w/% 50.191 64,222 58.321 58%97
i, RRLEARIR 3, Tetralin PA w/% 10.59 7.28 7.04 5.23
EE%% 3 ﬂﬂ,ﬁﬁlﬂ%%ﬁi Bﬁé@/ﬁ%ﬂﬁﬁ%ﬁ’ﬂﬂﬂ Tetralin conversion x/% 61.50 71.50 65.25 64.20
R IEFACRIT IR B, (5.2 J5 B a0 4 MN BS w/%  35.23 34.78 33.02 34.63
PN L ST R O MN  PAW%  5.470 6.47 6.81 9.54
jt,iﬁig/f%%—igzkz:@,iﬁw{gﬁuﬂgﬂqixd.ﬁ‘a%{t MN conversion x/% 40.70 41.25 39.83 44.17
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Table 4 Effect of monocycle solvent on coal conversion

Solvent Toluene Cresol ~ Cyclohexane Benzene Toluene Benzene Cyclohexane  Cresol
Reaction time #/h 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0

BS w/% 26.11 18.37 19.77 21.97 26.74 21.77 18.76 17.89

PA w/% 0.06 5.97 3.92 1.16 0.09 0.38 1.55 1.06
Conversion x/% 26.17 24.34 23.69 23.13 26.83 22.15 20.31 18.95
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Table 5 Effect of two-ring solvents on coal conversion
Solvent Tetralin Diphenylium Naphthalene MN 2-naphthol 1-naphthol Decalin
BS w/% 64.22 39.80 35.99 34.78 23.84 26.64 30.71
PA w/% 7.28 2.40 6.01 6.47 14.31 10.70 4.04
Conversion x/ % 71.50 42.20 42.00 41.25 38.15 37.34 34.75
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Table 6 Effect of three or four-ring
solvents on coal conversion

Solvent Phenanthrene Anthracene Di-f3-naphthol Pyrene
BS w/% 39.11 37.49 12.43 33.08
PA w/% 7.35 7.75 4.07 7.41

Conversion
46.46 45.24 16.50 40.49
x/' %
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Table 7 Effect of atmosphere in coal liquefaction
for different solvents

Solvent Atmosphere BS w/% PA w/% Conversion x/%

Decalin N, 27.21 6.39 33.60
Decalin H, 30.71 4.04 34.75
MN N, 34.69 5.63 40.32
MN H, 34.78 6.47 41.25
Tetralin N, 48.74 10.55 59.29
Tetralin H, 64.22 7.28 71.50
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