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Viscosity reduction of coal tar from fluidized bed pyrolysis

YU Pan-long, FANG Meng-xiang, TANG Wei, WANG Qin-hui, LUO Zhong-yang
( State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: For the poor fluidity of coal tar generated from circulating fluidized bed polygeneration system, a
series of research was carried out to decrease the viscosity. Through the analysis of X-ray diffraction, the
possibility that the wax crystal increases the viscosity at room temperature was excluded. The viscosity and
contents between coal tar and coal tar pitch were compared, and the impact of quinoline insoluble on the
softening point was also investigated. The results reveal that it is reasonable to employ the distillates to decrease
the viscosity of coal tar. Four kinds of distillates were blended in the coal tar to improve the fluidity, and the
composition of the distillates was gotten through the GC-MS analysis. It is concluded that the molecule which
contains both hydrophilic groups and hydrophobic groups possesses a great effect on the viscosity reduction, and
the more the amount, the better the viscosity reduction. Four kinds of mono-component additives were tested,
and the theory was verified. For the viscosity reduction, the molecule with both groups is better than that with
only hydrophobic groups.
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Table 1 Industrial analysis of coal tar

Industrial analysis w,,/ %
M A 1% FC
1.26 2.06 83.06 13.62
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Table 2 Element analysis of coal tar

Element analysis w,,/ %
C H N S (0]
82.01 7.10 1.56 0.35 5.66
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Table 3 Fractions of coal tar

Fractions t/C <170 170 ~210 210 ~230 230 ~270
w/ % 3.15 0.43 2.28 4.96

Fractions t/°C 270 ~300 300 ~360 360 ~380  >380
w/ % 5.11 11.16 5.31 67.6
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Figure 1 X-ray diffraction of coal tar
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Figure 2 Viscosity of coal tar and coal tar pitch
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Figure 3 Comparing of compositions

between coal tar and coal tar pitch
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Figure 4 Influence of quinoline insoluble
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Figure 5 Viscosity of coal tar and coal tar with fractions
a: coal tar; b;coal tar with 170 ~210 T fraction;

c: coal tar with 210 ~230 C fraction;

d: coal tar with 230 ~270 C fraction;

e: coal tar with <270 ‘C fraction
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Table 4 GC-MS analysis of fractions

Possihi q Area /%
ossible compoun 170 ~210 C 210~230 C 230-~270°C < 270 T

Phenol 3.56 - - -
2-methylphenol 1.03 1.32 - 1.68
3-methylphenol 5.69 - 0.43 -
4-methylphenol 3.98 18.96 - 7.13
2 ,3-dimethylphenol 3.33 - - 1.2
2 ,4-dimethylphenol 3.56 6.04 - 10.22
2 ,5-dimethylphenol - - 1.39 3.9
3 ,4-dimethylphenol - - 9.39 1.28
3,5-dimethylphenol - 5.19 - -
3-ethylphenol - 2.61 - -
2-ethyl-4-methylphenol - 1.17 4.29 -
3-ethyl-5-methylphenol - 1.13 - -
2,3 ,5-trimethylphenol - - 1.49 -
2,4 ,5-trimethylphenol - 2.02 - 0.82
4-methyl-ethylphenol - - - 1.71
5-methyl-3-ethyl phenol - - - 1.12
1,2-dihydro-acetate-2-naphthalenol 2.56 - - 1.75
1,2,3,4-tetrahydro-2,5,8-trimethyl-1-naphthalenol - - 7.11 3.4
2-methylnaphthalene 5.08 10. 61 12.82 7.84
1 ,4-dimethylnaphthalene - - - 2.61
1,5-dimethylnaphthalene - - 3.93 -
1,6-dimethylnaphthalene - - 1.41 -
1,7-dimethylnaphthalene - 2.68 1.34 2.44
2 ,6-dimethylnaphthalene - 5.29 1.56 9.69
1,6,7-trimethylnaphthalene - 0.55 13.24 10
1,4-dihydronaphthalene 0.83 - - -
1,4-dihydro-2,5,8-trimethylnaphthalene - - - 2.46
1,2-dihydro-3-methylnaphthalene 2.69 - - -
1,2-dihydro-6-methylnaphthalene 2.21 0.69 0.43 -
1-methyl-7-( 1-methylethyl ) naphthalene - - 1.19 -
1-isopropenylnaphthalene - - 2.8 2.01
1,2,3,4-tetrahydro-1,5-dimethylnaphthalene - 0.78 - -
1,2,3,4-tetrahydro-5,6,7 ,8-tetramethylnaphthalene - - 3.01 2.09
1,4,5,8-Tetramethylnaphthalene - - 0.43 -
3H-naphtho furan - - - 1.43
1,5-dihydroxy-1,2,3 ,4-tetrahydronaphthalene - 2.81 - -
Octahydro4a,7,7-trimethyl-trans-2 (1H) -naphthalenone - 2.01 - -
Alkanes 10.71 5.79 6.4 5.22
Olefins 12.97 8.78 5.2 2.84
Alcohols 8.26 1.69 2.19 6.97
Acids 8.06 0.62 2.67 -
Indene 8.6 - 13.76 2.6
Benzenes 9.47 8.07 - 1.35
Furans 5.13 - - -
Amines 2.29 - - 2.9
Alkynes - 1.61 - -
Ketones - 9.61 - 3.33
Oxime - - 1.06 -
Indole - - 1.2 -

Simazine - 1.28 -
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Figure 6 Viscosity of coal tar with mono-component additives
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a: coal tar; f. coal tar with tetrahydronaphthalene;
g. coal tar with diphenyl ether; h: coal tar with methyl
isobutyl ketone; i: coal tar with heptan-2-one
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