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Abstract: A critical intermediate with the greatest organic extraction yield during the pyrolysis of Fushun oil shale
was investigated in this work. The structural characteristics of its atoms were analyzed by means of NMR, FTIR,

XPS, and Py-GC/MS. According to the results, a new structural formula of the critical pyrolysis intermediate
average model (C570Hs700,0N4S) was introduced. The results show that the skeleton structure of critical pyrolysis
intermediate mainly consists of aliphatic carbon atoms. The contents of aliphatic and aromatic carbon are 74.7% and
25.3%, respectively. The branched degree of aliphatic chain Bi is 4.31%, and the average length of a methylene
chain is about 18. The aromatic carbon atoms are mainly in the form of monocyclic aromatics, and the substitutive
degree of aromatic ring is about 0.4. Carbonyl, pyrrole, and thiophene are the main forms of heteroatomic com-

pounds in the critical pyrolysis intermediate.
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Fig.1 Pyrolysis product yields of Fushun oil shale
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Tab.1 Results of proximate and ultimate analysis
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iD= 23 18.9 75.8 3.0 14.7 1.8 4.7 0.5 0.2 1.49
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Fig.2 Nuclear magnetic spectrum of pyrolysis intermediate
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Tab.2 Liquid NMR analysis

Zhth B f2E B RS 010° | FIXHE /%

B 2o FH A £ 10~16 3.8
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fHzNet 1) 68 ~ 69 0.6
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MBS fo 137 ~ 148 3.2

| 10 148 ~ 165 0.5
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Tab.3 Structural parameters of pyrolysis intermediate
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Fig.3 Infrared spectrum of pyrolysis intermediate
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Fig.4 Gaussian fitting results of infrared spectrum
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Fig.5 XPS spectrum and its fitting results
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Tab.4 Semi-quantitative analysis of heteroatom forms
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Fig.6 Total ion chromatogram of pyrolysis intermediate
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Tab.5 Flash pyrolysis product distributions
B 5 A AR B /% T e SR | P A AR B /%
1 CsHis 3.4 9 Cy¢Hsq 1.4 16 CaHag 3.3
2 CoHy 1.6 10 C,7Hs 1.8 17 Ca4Hso 3.1
3 CioHx 0.9 11 CysHss 2.0 18 CasHs, 4.0
IEFRERE 4 CiHa 0.8 12 Ci9Huo 2.6 19 CaeHss 3.4
(50.2% ) 5 CioHas 0.7 13 CyHa 2.6 20 CyHsg 3.5
6 Cy3Has 1.4 14 CyHag 3.0 21 CasHss 2.9
7 C14Hs0 13 15 CyHag 3.0 22 Ca9Heo 24
8 CysHs, 1.1 — — — _ _ _
1 CgHyg 22 7 Ci4Hog 1.5 13 CaoHuo 1.5
2 CoHig 12 8 CysHs 1.7 14 CyHy 1.0
il 3 CioHao 0.8 9 Ci6H3, 1.7 15 CyHy 1.2
(22.9% ) 4 C1Hy, 0.7 10 C7Hay 1.5 16 Co3Hus 1.2
5 CoHa, 0.8 11 CysHs 1.9 17 Ca4Has 0.3
6 Cy3Has 12 12 CyoHss 1.9 18 CasHso 0.5
SHbekE 1 CoH g 0.6 3 CeHig 0.8 5 Ci9Huo 0.8
(3.9%) 2 Ci,Hay 0.7 4 CsHs, 1.0 — — —
g 1 CsHg 1.0 5 CoHyy 0.4 7 CisHzo 0.6
(5.0%) 2 C;Hg 1.1 6 C1oHs 0.4 8 Ci9H3, 0.9
3 CgHyo 0.4 7 Cy7Has 0.3 — — —
ElFEES 1 CsH,60 0.4 3 C14,Hp0 0.9 5 C;H,0 0.7
(3.5% ) 2 CH,60 0.4 4 Cy7H340 0.4 6 C;H0 0.7
HoAth (14.5% ) — — 145 — — — — — —
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JEF ARG, 2530, P AR 3 5 74544
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Tab.6 Functional group types and atomic distributions

4EH R B C H 0 N S
il P e 13 39 — — —
iR < 6 18 — — —
DI EEFS 211 422 — — —
A ZER mn [o~11| — — —
EREE i 3 6 3 — —
E8 6 0~6 12 — —
Btk 11 — 11 — —
A HIT R 51 51 — — —
B 24 — — — —
357 % 11 — — — —
A H TR 3 — 3 — —
g 16 20 — 4 —
WEWY 4 4 — 1
ait 370 | 570 29 4 1

x7 FUHERSEHERNREFIELLE
Tab.7 Comparison of atom number between experiment—
tal sample and design model

iyl e i e 6
H/C | O/C | N/C S/C
SR — 1.5410{0.079 5 [ 0.009 9 | 0.002 7
WIHAFIR | Cs70Hs70020N,S | 1.540 5 | 0.078 4 | 0.010 8 | 0.002 7
AR 22/% 0.03 138 | 9.09 —
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