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Analysis and structural model of coal liquefaction asphaltene

LIN Hua-lin, LI Ke-jian, ZHANG Xu-wen, WANG Hong-xue, CHENG Shi-fu
( China Shenhua Coal to Liquid and Chemical Shanghai Research Institute, Shanghai 201108, China)

Abstract: The asphaltene extracted from coal liquefaction residue was studied by “C-CP/MAS NMR,
elemental analysis, FT-IR and XPS to reveal its aromatic unit structure and relative structural parameters. The
results show that the ratio of bridged carbon to the surrounding carbon of asphaltene is 0. 115. Benzene is the
main form of aromatic carbon, and aliphatic structure exists mainly in the forms of alkanes and cyclic-methylene.
Oxygen atoms present as carboxyl and ester group and nitrogen atom exits in the form of pyrrole. Based on
structural parameters and analytic characterization, macromolecular structure model of refined asphaltene is
constructed. " C chemical shift of refined asphaltene is calculated by ACD/CNMR predictor. According to the
calculation results, macromolecular structure model of refined asphaltene is corrected, and finally the calculated
chemical shift diagram of model can tally well with the experimental result.
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Figure 1 Preparation process schematic diagram of coal liquefaction asphaltene
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Table 1 Proximate and ultimate analysis of coal liquefaction asphaltene

Ultimate analysis wy,./%

Proximate analysis w/%

C H S N

M d A d Vdaf

89.45 5.95 0.05 1.02

3.53 0.29 0.06

59.20

* . by difference
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Table 2  Structural parameters of coal liquefaction asphaltene

Parameters /%

Sample

fi I £y £ Lt

£ A Ja fa© fa" fa°

Asphaltene  71.95  11.65 60.3

43.62 0.75

9.57 6.32 28.10 8.25 16.93 2.92

f,: total aromatic carbon; f, : total aliphatic carbon; f,°; carbonyl & ( chemical shift) >165; f, :

. . . H
in an aromatic ring; f, :

protonated and aromatic; f," : nonprotonated and aromatic; f,”: phenolic or phenolic ether; fas; alkylated aromatic; f,®: aromatic

bridgehead; f, * : CH, or nonprotonated; f,": (CH or CH,); f,°: bonded to oxygen
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Table 3 Types and numbers of aromatic unit structures

Aromatic unit structure Number

|
:
Q :

) 1
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Figure 3 FT-IR spectrum of coal liquefaction asphaltene
2.4 XPS SHTR1E
2.4.1 O 1s XPS il &L E

XPS 73 M R AL ] LAAS BB A I 7 S50 P Y
AT EMEATAEIES . AP R A T2 H 7>
BT A4, B, BB R AL R AN 4R



782 wooR 4k

L

542 B

A

BErb &R BRI R ek R A
FBEEEAE 2 BERALIITE O 1s XPS FRU4HLl 435
VLI 4, #FER SRR 4, hER4 T, SRR
W AR T AR A AT

Intensity /(a.u.)

AN FAVAN

524 526 528 530 532 534 536 538 540 542
E /eV

Bl 4 HSRAETIE XPS O 1s Al &5 &
Figure 4 XPS O 1s spectrum of coal liquefaction asphaltene
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Table 4 XPS O 1s data of coal liquefaction asphaltene

Binding energy

Ey/eV Oxygen form Content w,, .,/ %
530.5 inorg. oxygen 1.45
531.7 Cc-0 16. 68
532.8 C=0 72.70
534.0 COO- 9.22
535.6 absorbed oxygen -

2.4.2 N 1s XPS #igEil&it =

WL R b /DL 4 FhE SR, 454 B
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5, HFEMERESIES,

Intensity /(a.u.)

394 396 398 400 402 404 406 408
Binding energy  E /eV
Fl5s Ak DE XPS N Ls A& % A
Figure 5 XPS N 1s spectrum of coal liquefaction asphaltene
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Table 5 XPS N 1s data of coal liquefaction asphaltene

’

Ey/eV Nitrogen form Content w,,;/ %
399.5 pyridinic nitrogen N-6 38.58
400. 46 pyrrolic nitrogen-5 51.33
401.7 quatemary nitrogen-Q 6.90
403.0 oxidised nitrogen-X 3.18
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Figure 6 Experimental and calculated

B C-NMR spectra of coal liquefaction asphaltene
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Table 6 Parameters of chemical structural model

Sample Formula Molecular weight

Coal liquefaction
Ci3HisOsN, 1780
asphaltene
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Figure 7 Chemical structure model of coal liquefaction asphaltene
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