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Effect of solvent characteristics on reaction behavior
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Abstract: To explore effect of solvent characteristics on reaction behavior of coal hydroliquefaction intermediate
products, coal from Naomaohu in Xinjiang as raw material, tetralin, recycle solvent and decalin as hydrogen-
donor solvents, hydroliquefaction experiments were performed in a high-pressure stirred reactor, and change of
free radical concentration of asphaltene was analyzed by EPR. The results indicate that asphaltene in tetralin is
formed in large quantities and transformed at the same time with increasing reaction temperature, the yield is
from 12.92% at 290 C to a maximum of 34. 13% at 350 ‘C and then to 15.98% at 430 C. The asphaltene yield
in recycle solvent continues to rise first, with 31.89% at 290 C and a maximum of 47.96% at 400 C , and then
decreases to 33.90% due to coking reaction. The change of asphaltene yield in decalin is consistent with that in
tetralin. The change of free radical concentration of asphaltene is the same in three solvents, reaching the
maximum at 350 C, which is 1.778x10"™, 2.323x10" and 1.930x10"/g respectively. On the whole, the
values of free radical concentration of asphaltene in recycle solvent are higher than those in tetralin, and that in
decalin is between the two solvents. But the g value in tetralin and recycle solvent is between 2. 00323 and
2.00403, and the change is consistent with that of CO, content in gas products.
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Table 1 Proximate and ultimate analyses of NMH coal
Proximate analysis w/% Ultimate analysis w,./% H/C
Sample Rank " .
M, Ay Vit FCy C H 0" N S (mol ratio)
NMH coal lignite 15.08 5.12  52.28 47.72 73.52 5.68 19.60 0.96 0.24 0.93

* . by difference
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Table 2 Component analysis of recycle solvent

No. Compound Proportion/%  No. Compound Proportion/ %
1 pyrene 17.83 9 pyrene, 1-methyl- 3.95
1,2,3,5,6,7-hexahydro-4,
2 4 ,5-dihydropyrene 7.83 10 ) ) 2.37
8-dimethyl-s-indacene
3 pyrene,1,2 .3 3a,4 5-hexahydro- 5.37 11 naphthalene ,6-butyl-1,2 ,3 4-tetrahydro- 2.31
4 pyrene,1,2,3,6,7,8-hexahydro- 5.07 12 3,3’-dimethylbiphenyl 2.22
5  anthracene,1,2,3,4,5,6,7,8-octahydro- 4.72 13 1H-Indene 4 ,7-dimethyl- 2.18
6 pyrene, hexadecahydro- 4.68 14 trans-anti-trans-perhydroanthracene 2.14
7 naphthalene, 1-(2-propenyl) - 4.64 15 nonadecane 2.10
8 heptadecane 4.37 16 others 28.22
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Figure 1 Schematic diagram of separation process of coal direct liquefaction products
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Table 3 Experimental parameters of EPR of PAA
Parameter Numerical value Parameter Numerical value
Test temperature 298 K scanning width 100 G

Microwave frequency (9.8+10"*) GHz time constant 5.12 ms
Microwave power 4 mW scanning time 20.97 s
Modulation amplitude 1G modulation frequency 100 kHz

Central magnetic field (3510+107°) G

2 ZRGThE
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Figure 2 Change of total conversion of coal

hydroliquefaction with temperature in different solvents
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Figure 3 Change of PAA yield of coal
hydroliquefaction with temperature in different solvents
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Figure 4 Change of oil yield of coal hydroliquefaction

with temperature in different solvents
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Figure 5 Change of gas yield of coal hydroliquefaction
with temperature in different solvents
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Table 4 Free radical concentration(Ng) of PAAs of coal hydroliquefaction in different solvents

Temperature ¢t/ C 290 350 380 400 430
Ng/(x10"™®-g™") tetralin 1.143 1.778 1.402 1.213 1.198
recycle solvent 1.840 2.323 2.012 1.892 1.827
decalin 1.637 1.930 1.729
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Figure 6 Change of g value of PAAs of

coal hydroliquefaction in different solvents
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Figure 7 Analysis of gas components in tetralin
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