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Table 1 Properties analysis of recycled solvent

Ultimate analysis w/ %
C H S N

n(H) = 2(C)

(20 T)Y/(g+ cm™®)

Distillation range/C
IBP 10% 50% 90%

88. 42 10. 85 0.01 0.05 1. 47

0.950 9 185 246 298 401
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Fig.1 Two-dimensional(2D) contour plot of aromatic

hydrocarbons in recycled solvent samples
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Table 2 Molecular recognition results of C, Hj,—¢ series

Compound Molecular Tic It exp I
formula tri/s tra/s

Benzene Cs He 500 0. 81 647 654+7
Methyl benzene C;Hsg 776 1.08 753 757+6
Ethyl benzene CsHjyo 1124 1. 30 848 850+6
1,3/-dimethylbenzene/1,4-dimethylbenzene CsHio 1160 1. 30 856 860E6
1,2-dimethylbenzene CsHio 1 256 1. 41 880 88146
Propyl benzene CyHi, 1532 1.39 942 945+5
1-ethyl-3-methylbenzene CyHj, 1564 1.43 950 950+5
1-ethyl-4-methylbenzene CyH;i, 1572 1.41 951 95345
1-ethyl-2-methylbenzene CoHiz 1644 1.51 967 96945
1,2,4-trimethylbenzene 4-trimethylbenzene 4-trimethylbenzene CyHj, 1712 1.51 982 983+5
1,2,3-trimethylbenzene CyHj, 1 840 1. 65 1010 1010+6

CioHuy 1976 1. 47 — —

CioHuy 2 000 1. 48 — -

CioHua 2 008 1. 49 - —

CioHyy 2 048 1. 55 - -

C4-benzene CioHus 2 104 1.57 — —

CioHuy 2128 1. 60 — —

Ci1Hag 2 364 1. 49 - —

Ci1Hjise 2 400 1. 48 - -

Ci1His 2 436 1.50 — —

Ci1Hig 2 460 1.51 - —

Ci1Hag 2 476 1.55 - —

Cs-benzene CiiHie 2 496 1.56 — —

Ci1His 2500 1.56 — —

Ci1Hag 2532 1.58 - —

Ci2Has 2 692 1. 46 - —

Ci2His 21720 1. 45 — —

Ci2His 2756 1.50 — —

Ci2Has 2 800 1. 50 - —

Ci2Has 2 832 1. 50 — —

Cg-benzene Ci2His 2 852 1.53 — —

Ci2His 2 864 1.50 — —

Ci2Has 2900 1. 50 - —

Ci2His 2928 1. 55 — -

Ci2His 2 968 1.58 — —

Ci2Has 2992 1. 60 - —

Cr-benzene CisHzo 3 160 1. 47 - —

Ci1Hpe 3 336 1.41 — —

Cg-benzene CisHg 3432 1.48 — —

Ci4Haz 3724 1.48 — —
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X4y F IR BN, R 158 N A4 C- NS JE M &
[Fl 43 A ik, A X 4 F TR B 3 172, Bl & B B0
B, C, Hy, 1o RINVHE B T NKBEMNKTE, 557



22 Box %otk

2021 4E

MRS 2, IR FIXEBEHE R
£3 CH.s RIS TFRILER

Table 3 Molecular recognition results of C, Hy,—s series

Molecular Relative mole-

Compound tri/s tre/S Iryexp  Injiit
formula  cular mass

Indane Co Hio 118 1892 1.90 10221 023+8
2-methyl-indane CioHiz 132 2108 1.75 10691 078=%1
1-methyl-indane CioHis 132 2128 1.81 10731 086+4
5-methyl-indane CioHis 132 2368 1.90 11261 124£7
4-methyl-indane CioHiz 132 2412 1.97 11361 136+7
Tetralin CioHiz 132 2460 2.13 11471 147£11
2-methyl-tetralin Ci1Hig 146 2704 1.98 12031 207%11
1-methyl-tetralin Ci1Hig 146 2740 2.05 12111 207+4
6-methyl-tetralin Ci1Hig 146 2912 2.10 12521 254438
5-methyl-tetralin Ci1Hig 146 3020 2.23 12781 280%11

2,7-dimethyl-tetralin  C12Hje 160 3140 1.94 1307 1 302
Cyclohexyl-benzene  Ci5Hig 160 3148 1.97 13091 312+15
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Table 4 Molecular recognition results of C, Hy,—1s ,
C. Hzu—20 ,Cn H3,—2; and C, Hj,—24 series

Relative mole-

Compound tr1/s tre/s

cular mass
Phenanthrene/anthracene 178 4 756 3.76
4,5,9,10-tetrahydro-pyrene 206 5302 3.76
1,2,3,10b-tetrahydro-fluoranthene 206 5 290 3.62
4,5-dihydro-pyrene 204 5 566 4,32
1,2,3,4-tetrahydro-triphenylene 232 6 148 3.99
Pyrene 202 5 734 4.63
1-methyl-pyrene 216 6 064 4. 41
8,9-dihydro-7H-cyclopenta[ a Jpyrene 242 6 958 5.31

2.3 BERBAFRFERHOSTHARBES T
BEEB RN R — T Z RN AR,
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Molecular Composition and Distribution Characteristics of Aromatic
Hydrocarbons in Coal Direct Liquefaction Circulating Solvent

LI Qunhua GAO Shansong SHU Geping
(China Shenhua Coal to Liquid and Chemical Shanghai Research Institute, DCL
National Engineering Laboratory, 201108 Shanghai, China)

ABSTRACT The aromatic hydrocarbons in coal direct liquefaction circulating solvents were
characterized at the molecular level by two-dimensional gas chromatography coupled with time-of-
flight (TOF) MS and FID. The 439 individual peaks were detected by TOF MS detector at signal-
to-noise ratio of 200, and 614 individual peaks by FID detector at signal-to-noise ratio of 1 000.
The total content of aromatic components is 53. 64%. The data detected by TOF MS is classified
according to the z value and is divided into 10 series, which are C,H,,ss C,Hs.s» C,Hsp10
C,Hz25 C,Hspis s CoHoigs CoHois s CoHsnso s C,Hos and C,H,,s series; FID detector detects
two series more than TOF MS detector, which are C,H;, 5 and C,H,, s series. Aromatics compo-
nents, the same series contains multiple types of isomers, such as C,H,,, series contains hexa-
hydroacenaphthene, hexahydrofluorene, octahydroanthracene, octahydrophenanthrene, etc; the
C,H,, .. series contains biphenyls, acenaphthenes, tetrahydroanthracenes and diphenylmethanes,
etc. The carbon number distribution test results show that C,H,,s» C,Hs.5» C,Hspios C,Hapiz s
C.Hsie» CoHzpiss CoHois s CoHzngo s CoHzpze s C,Hapos and C, Hy, 26 » the carbon numbers of the com-
pounds with the highest content in the series are C;,, Ci55 Ci4s Cigs Ciuy Cigs Cig» Cig» Ciry Cpp and Gy,

KEYWORDS direct liquefaction, circulating solvent, comprehensive two-dimensional gas
chromatography coupled with time-of-flight MS and FID, aromatic hydrocarbons, molecular com-
position
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