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Abstract: Tar-rich coal resources are widely distributed in Xinjiang region, from which oil and gas can be extracted through low-tem-
perature pyrolysis. However, there is a great difference in the pyrolytic tar yield at different sedimentary locations, restricting the
fine exploration and evaluation of tar-rich coal. This paper is a case study of coal samples extracted from Badaowan Formation and
Xishanyao Formation in Santanghu Basin. Based on fully understanding of the aliphatic chain structure in the form of methylene and
methyne as a key microscopic characteristic for tar-rich coals, the paper illustrates the molecular structural features of coal macerals
and the effect of coal macerals on tar yield, and reveals the control law of peat bog environment on the coal molecular structure and
tar yield. The results indicate that more long-chain aliphatic structures of vitrinites can help increase coal tar yield, and the tar-rich
coal formed in the peat bog environment characterized by high water levels, strong reducing conditions and high-degree plant tissue
degradation contains more aliphatic hydrogen structures, especially methylene and methyne structures, thus producing high-yield py-
rolytic tar. The coal in Badaowan Formation processes the above characteristics of key substances and a coal-forming environment so
that it has a higher tar yield than that in Xishanyao Formation. Meanwhile, plant types at different coal-forming stages and differ-
ences in their responses to the thermal evolution of paleotemperature are also worth discussing.
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Fig.1 Tectonic units of Santanghu Basin
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Table 1 The date of proximate analysis and ultimate analysis
B M.q/ Aa/ Vaat/ Caa/ Caat/ Ha./ Naar/ Ouat/ Seat/ BERAL/ MER4l/  SEiR4l/
%o % Yo %o % %o % Yo %o % % %
B56 4.16 2.38 53. 08 43.90 77. 01 6.03 0.83 15. 98 0.15 87.50 0 12.50
B57 4. 11 2.21 50. 48 46. 44 77. 00 5.82 0. 85 16. 17 0.16 90. 99 0 9.01
B58 4.21 1.57 50. 19 46. 97 77. 44 6. 21 0.72 15.47 0.15 95.73 0. 47 3.79
B59 3. 44 1.76 51.55 45. 96 76.93 6. 07 0.78 16. 06 0.16 88. 89 7. 41 3.71
B60 3.04 5.55 57. 41 39.01 76. 61 6. 81 0.83 15. 56 0.19 85. 10 0. 48 14. 42
B61 2.98 12. 39 55. 46 37. 86 74. 80 6.19 1.20 17.19 0. 62 86. 80 3.55 9. 64
B62 2. 66 2.75 61.74 36. 22 77.93 7.50 0. 88 13.42 0.27 75. 74 0.50 23.76
X45 10. 24 4. 61 28. 10 61.56 80. 45 3. 48 0.72 15.22 0.13 3.79 95. 26 0. 95
X46 8.27 3.70 29.77 62. 04 79.51 3. 80 0.72 15. 83 0.14 16. 75 82.76 0. 49
X47 5.16 22. 86 48. 46 37.71 73.35 3.50 0. 68 22.36 0. 11 24. 60 74.33 1.07
X48 9. 11 5.28 35.38 55. 63 77. 64 4.16 0.96 17.09 0.15 50. 00 48. 60 1. 40
X49 7.97 2.91 31.72 61. 01 79. 04 3.98 0. 85 15. 96 0.17 7.25 92.27 0. 48
X50 8. 98 6.99 31.08 58. 35 78. 83 4. 08 0. 80 16. 11 0.18 12. 44 86.57 1. 00
X51 9.54 5. 81 32.19 57.78 78.52 3.92 0.87 16. 47 0.22 20. 83 78. 70 0. 46
X52 7.96 3.28 29.20 63.03 79.78 3.82 0.63 15. 66 0. 11 5.63 93. 90 0. 47
X53 8. 26 3.95 32. 06 59. 87 77. 89 3. 80 0. 84 17. 34 0.12 10. 00 89. 50 0.50
X54 9.21 3.70 33.67 58. 00 78.51 4.22 0.77 16. 36 0.15 51.18 47.39 1.42
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Fig.2 Coal tar yield distribution of Badaowan and

Xishanyao formations
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Fig.3 Maceral characteristics of coal sample for Badaowan Formation
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Fig.4 Distribution of coal submaceral groups in the Badaowan and Xishanyao formations
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Fig. 6 Enrichment characteristics of trace element for the coal samples of Badaowan and Xishanyao formations
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Table 4 The concentrations of rare earth elements in coal samples of Badaowan and Xishanyao formations
BEdh W L LA RIL/10 sEu aCe ¢ LREY
La Ce Pr Nd Sm Eu Gd Thb Dy Y Ho Er Tm Yb Lu dEu
B56 0.92 2.14 0.25 1.05 0.21 0.06 0.19 0.03 0.13 0.72 0.03 0.09 0.01 0.09 0.01 0.66 1.10 1.65 5.94
B59 0.99 2.27 0.26 1.10 0.22 0.07 0.19 0.03 0.14 0.66 0.03 0.08 0.01 0.08 0.01 0.68 1.11 1.63 6. 15
B60 3.98 7.03 0.70 2.64 0.47 0.13 0.42 0.06 0.29 1.23 0.05 0.15 0.02 0.14 0.02 0.57 1.03 1.82 17.34
B61 6.79 15.73 1.87 7.34 1.57 0.35 1.20 0.19 0.92 3.27 0.16 0.46 0.08 0.49 0.07 0.50 1.08 2.16 40.47
B62 8.07 12.41 1.43 5.95 1.12 0.33 1.33 0.17 0.93 6.93 0.19 0.49 0.07 0.37 0.05 0.62 0.90 1.43 39.84
X45 1.57 3.26 0.39 1.63 0.32 0.13 0.26 0.04 0.19 0.74 0.03 0.09 0.01 0.08 0.01 0.92 1.02 1.12 8.75
X46 1.02 2.15 0.26 1.04 0.22 0.11 0.21 0.03 0.16 0.77 0.03 0.09 0.01 0.08 0.01 1.08 1.02 0.95 6.20
X47 1.05 2.33 0.29 1.29 0.29 0.13 0.29 0.04 0.20 1.19 0.04 0.12 0.02 0.10 0.02 1.02 1.04 1.03 7. 40
X48 5.00 10.13 0.95 2.89 0.39 0.15 0.37 0.06 0.29 0.95 0.05 0.12 0.02 0.11 0.02 0.71 1.14 1.61 21.50
X49 2.40 3.49 0.32 1.16 0.18 0.10 0.20 0.03 0.14 1.00 0.03 0.09 0.01 0.08 0.01 1.06 0.98 0.92 9.26
X50 17.65 43.11 4.90 20.78 5.13 1.53 5.08 0.79 4.81 16.64 0.84 2.25 0.32 1.80 0.24 0.71 1.14 1.60 125.87
X51 5.16 14.78 1.79 8.12 2.04 0.59 1.89 0.30 1.69 6.11 0.29 0.68 0.10 0.62 0.08 0.69 1.19 1.72 44.25
X52 0.23 0.48 0.06 0.24 0.07 0.06 0.07 0.01 0.08 0.40 0.02 0.04 0.01 0.05 0.01 2.17 1.04 0.48 1. 82
X53 1.44 2.91 0.35 1.60 0.33 0.13 0.29 0.04 0.22 0.98 0.04 0.10 0.01 0.09 0.01 0.88 1.01 1.15 8.56
X54 4.65 7.20 0.65 1.90 0.26 0.11 0.26 0.04 0.23 0.98 0.04 0.13 0.02 0.14 0.02 0.75 1.01 1.36 16.63
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Table S5 FTIR structural parameters of coal samples in Badaowan

and Xishanyao formations

= Hal/H To, Har/Hal DOC A K¥ CH./CHs
B56 0.810 1.139  0.234  0.210  0.473 3.325
B57 0. 790 1.174  0.265  0.231 0. 466 3.271
B58 0. 785 1.163  0.273  0.241 0. 469 3.240
B59 0. 807 1.194  0.240  0.204  0.459 3.225
B60 0.793  0.976  0.262 0.304  0.537 3.879
B61 0.916  0.869  0.091 0.096  0.512 3.271
B62 0. 807 1.003  0.239 0.335 0.583 3. 450
X45 0.477  6.543 1.095 0.153  0.122 2. 409
X46 0.506  5.091 0.975 0.176  0.153 2.501
X47 0. 461 4.729 1.170  0.228  0.163 2.598
X48 0.689  4.016  0.451 0.108  0.193 2.908
X49 0.570  4.959  0.755 0.144  0.160 3.633
X50 0.622  5.354 0.607 0.106  0.149 3.259
X51 0.610  4.274  0.638 0. 141 0. 181 2.759
X52 0.507 5.136  0.971 0.169  0.148 2.150
X53 0.583  4.007 0.714 0.165 0.187 2.710
X54 0.593  3.411 0.685  0.191 0.218 2. 870

W :B56-—B62 Sy /B T2 K i s X45—X54 P4 1Lz AR

SV L 5 i RN O R 2 R LA A s E (T
Fa " TR NG 0 B T K 4 SRR AR L
O SIF PR AN 52 55 B Bk LU AR, 7T 6 7R I FRY 6 A0 i -
R PES 5 27/ 0 S5 7 B E O A P LG
<2 55 7 B S 95 B R A 559 o L v {1 2 W O 1 45 A
Fasg 2207 35 MRk 5 L Bk L X T 48 7R B 43 7 o
1455 7 PR 45 BRI o tho v s e 55 7 1 R SEY L GE
AR fa ) fa BPEIE S 2,385 fu"/ 0 HF 8
HR 2. 345 .5/ f T E R 0. 215 X (-3 N
0. 27 Pz LA fu"/ fu" BFBE R 1175 £/
S BB 0,49 1.7/ £ BIE R 0. 215 X (1
SEHIE R 0. 38,

4 i
PO 43 T 45 M 3£ 380 7 2 4 4
S W B AL A 7 56 1 1A 4 O S s A L

5y T A5 R SR K L LD IE R AT TR A L G )
SR EEM T EZ . ST LN SRS

%

4.1



%53

Ui DR R 45 « 0980 4 M R 2 28 il M R A B T R 5 4% o 795

0.49%

12.39%
86.7% g'

0.92%

88.88% 7.41%
]
NY

3.71%

0.47 %

0.49 %
wlss i

83.1% <
) 1408 %
235%
CE

0 100 200

CE
WEEALR 1107 AR 1107
(a) NEEA (b) FILIEH
W aRd @ wRd OxRd @y
9 NEZEAMALEHR"C-NMR EE
Fig.9 " C-NMR spectra of coal samples in Badaowan and Xishanyao formations
x6 JNEZAMALFTHEHE"CNMR E8MSH
Table 6 "*C-NMR structural parameters of coal samples in Badaowan and Xishanyao formations

FE Ja Ja€ 1o S SN Sa' S8 Sab Sa Sa® Salt Sa® Su®
B56 57.82 0.77 57.05 22.42 34.63 11.59 10. 94 12.10 42.18 9. 86 23.34 0.74 8. 24
B59 59.05 0. 85 58. 20 22.99 35.22 10. 48 12. 48 12.26 40.95 10.56 20. 42 0. 68 9.29
B0 51.26 1. 00 50. 25 19. 16 31.10 9.59 9. 96 11.55 48.74 13.36 26. 66 0.59 8. 13
Bo2 46. 98 1.18 45.80 17.12 28.67 8.79 10. 87 9.01 53.02 9.77 31.57 0.67 11.03
X45 84.22 3.38 80.84  34.99 45. 86 11.91 18. 84 15. 11 15.78 5.57 5.28 1.67 3.26
X46 80. 80 2.56 78.24 28.24 50. 00 8. 01 13.50 28. 49 19. 20 6.61 7. 36 0. 84 4. 40
X48 74.90 2.23 72.67 29. 46 43.21 9. 11 15.19 18. 91 25.10 7.97 9.61 1. 45 6. 06
X51 77.57 2.07 75.50 30. 14 45.36 9.02 15.92 20. 42 22.43 5.76 8. 08 3.25 5.34
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