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Composition of soluble organic matter and its causes of No. 11 coal from

Sangshuping Mine, Shaanxi Province

LI Xin', ZHAO Qiaojing'?, WANG Jun', WANG Zewei', YANG Yanli', ZHAO Cunliang’
(1.School of Earth Science and Engineering, Hebei University of Engineering, Handan 056038, China; 2. Hebei Key Laboratory of Resource Survey and Re-
search, Handan 056038, China)

Abstract: Eight samples of No.11 coal in Sangshuping Mine were used for organic geochemical study, Gas chromatography-mass spectro-
metry (GC-MS) and X-ray fluorescence spectrometry (XRF) were combined with the test results of proximate analysis, sulfur forms and
random vitrinite reflectance, the organic matter sources and coal-forming environment of No.11 coal from the Sangshuping mine, Shaanxi
Province were comprehensively analyzed. The results indicate that the total sulfur content of the coal sample is 3.29%, and the mean vitrin-
ite oil-leaching reflectance is 2.01%, which is high-sulfur lean coal. The phase parameters of major elements indicate that the coal samples
are mainly formed in reductive sedimentary environment. There are two types of carbon number distribution of n-alkanes in saturated hy-
drocarbon: the front peak type main carbon peak is Cyq, and the back peak type is main carbon C,s; Combined with the distribution charac-
teristics of Y Cy, /3.Css v (Cy+Cyn)/(CostCao) Pr/nC,,. Ph/nC,q indicated that the parent material of organic matter come from aquatic or-
ganisms and higher plants. The OEP value was between 0.49 to 1.05,with an average value of 0.84, indicating that No.11 coal of
Sangshuping has undergone different degrees of biodegradation. In the analysis of saturated hydrocarbon steroidal terpanes, the ratio of
w(T)/mw(T,,) is between 0.83-1.21 and w(T,)/[w(T,)+w(T,)] is between 0.45-0.55, indicating that the thermal evolution degree of coal

sample is high. In the analysis of aromatic compounds, the methyl rearrangement of trimethylnaphthalene and the distribution characterist-

Y75 B #A: 20220424 FERE: AT DOI: 10.13199/j.cnki.cst.2021-1459
EEUH: BRHRB2AIEESRININE (41330317); WALE H ARSI E BT H (D2017402121)
EERN: & #(1997—), 2, Wm A E A, LA . E-mail:15226103275@163.com
BIEE: &7345(1982—), L, LA R IEN, fl#IZ . E-mail:zhaogiaojing@163.com
137


https://doi.org/10.13199/j.cnki.cst.2021-1459
mailto:15226103275@163.com
mailto:zhaoqiaojing@163.com

2023 4F55 6 A

# £ M F H# K 551 %

ics of methyl phenanthrene index are correlated with the high thermal evolution degree of coal samples. The aromatic hydrocarbons were

dominated by naphthalene, phenanthrene and biphenyl series, and the sulfur-containing compounds in the trifluorene series (oxygen-

fluorene, sulfur-fluorene, fluorene) are obviously higher than the oxygen-containing compounds, which also indicates the coal-forming en-

vironment under higher salinity partial reduction conditions.

Key words: Sangshuping Mine; high sulfur coal; organic geochemistry; soluble organic matter; coal-forming environment; gas chroma-

tograph-mass spectrometry
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Table 1 Proximate analysis and sulfur forms of No.11 coal from the Sangshuping Mine
Bt M, 1% Ay 1% Vit 1% S./% S,/ % S..4/% S, /% Soawd % S./S, R/ %
SSP11-1 1.01 30.63 18.03 3.03 0.87 0.22 1.94 2.8 0.64 1.98
SSP11-2 0.81 29.14 17.61 2.99 0.86 0.20 1.94 2.74 0.65 1.97
SSP11-3 1.06 36.37 19.06 2.97 0.86 0.28 1.83 2.88 0.62 2.01
SSP11-4 1.64 45.77 11.94 5.00 2.76 0.08 2.17 4.00 0.43 2.04
SSP11-5 0.76 39.83 19.73 3.36 1.61 0.16 1.58 2.63 0.47 2.04
SSP11-6 0.92 44.93 12.23 2.74 1.22 0.31 1.20 2.18 0.44 2.01
SSP11-7 1.01 34.47 17.85 2.71 0.99 0.25 1.46 2.23 0.54 2.02
SSP11-8 1.11 28.58 17.19 3.48 2.82 0.51 0.15 0.21 0.04 1.97
R 1.04 36.22 16.71 3.29 1.50 0.25 1.53 2.46 0.48 2.01
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Table 2 Major elements analysis of Sangshuping No.11 coal samples
e HICR TR %
[2]3]

SiO, AlLO, Fe,0O, TiO, MgO CaO K,0 Na,O P,0;
SSP11-1 14.69 10.52 2.18 0.59 0.23 1.56 0.77 0.02 0.06
SSP11-2 13.82 10.38 1.98 0.47 0.23 1.43 0.66 0.10 0.06
SSP11-3 17.02 12.64 2.87 0.68 0.27 1.75 0.90 0.16 0.08
SSP11-4 19.07 13.97 7.36 0.84 0.34 2.71 1.13 0.25 0.09
SSP11-5 19.88 14.12 3.01 0.57 0.24 1.04 0.79 0.09 0.10
SSP11-6 19.85 14.43 5.36 0.80 0.37 2.57 1.18 0.27 0.11
SSP11-7 15.80 11.21 3.03 0.68 0.24 2.44 0.83 0.16 0.09
SSP11-8 12.53 9.62 2.71 0.53 0.19 2.24 0.62 0.09 0.05
SRS 16.58 12.11 3.56 0.65 0.26 1.97 0.86 0.14 0.08
Hh () ) 8.47 5.98 4.85 0.33 0.22 1.23 0.19 0.16 0.09
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Table 3 The results of indicating facies parameters

R TR 5% (1) PRI ST (1) AR () e (O]
SSP11-1 0.16 14.04 0.07 0.18
SSP11-2 0.15 14.61 0.06 0.17
SSP11-3 0.17 14.68 0.06 0.19
SSP11-4 0.32 10.81 0.08 0.16
SSP11-5 0.13 26.58 0.03 0.08
SSP11-6 0.24 11.67 0.07 0.14
SSP11-7 0.21 10.10 0.09 0.15
SSP11-8 0.23 9.12 0.10 0.01
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Table 4 Content of extracts of coal samples

B Frlitme 5 I
AR MR igkiPes IR [ Wi
SSP11-1 13.6 0.3 59 6.4 1.0 0.05
SSP11-2 14.1 0.8 5.9 6.5 0.9 0.14
SSP11-3 16.3 0.5 49 10.1 0.8 0.10
SSP11-4 17.5 0.3 5.8 10.8 0.6 0.05
SSP11-5 15.2 0.5 5.0 9.4 0.3 0.10
SSP11-6 18.5 2.1 5.0 10.1 1.3 0.42
SSP11-7 16.5 0.7 5.5 9.6 0.7 0.13
SSP11-8 27.7 2.0 11.2 13.3 1.2 0.18
332 fafeRoharies A RAR T ZW(C23+) ¥R T 2, H w(CytCr)mw(CygtCo) i T
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Table 5 Parameters of saturated hydrocarbons of Sangshuping coal samples
RE A BRI R ER s OEP Pr/nC,, Ph/nC Pt/Ph w(Cy )W(Cys") W(Co +Co)W(CatCag)
SSP11-1 Ciu~GCy Cis 0.93 0.57 0.47 1.48 4.35 2.11
SSP11-2 Cn~GCy Cis 0.79 0.5 0.43 1.35 3.96 2.83
SSP11-3 Ci3~Cy Ci 0.75 0.72 0.46 1.98 3.13 1.48
SSP11-4 Cin~GCy Cys 1.05 0.71 0.47 1.83 0.39 0.85
SSP11-5 Cp~Cy Cis 0.77 0.74 0.77 1.17 7.09 3.58
SSP11-6 Cp~Cy Cy 0.97 0.59 0.5 1.63 0.08 0.09
SSP11-7 Cn~Gy Cis 0.92 0.78 0.8 1.32 5.52 1.99
SSP11-8 Ci;~Cy Cy 0.49 0.63 0.48 1.21 0.08 0.24
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Fig.2 Chromatogram of frontal saturated hydrocarbon with

main carbon peak
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Table 6 Indicator parameters of main biological compounds in samples

gty CouPUFRif b5t/ (T (YT ou(T] Coyfiiie/ Casfii it/ Cofii e/
Cos—Fhilli e o : ) " (CotCotCop) B LEX 100 (CortCogtCag) X100 (CoytCogtCa) £S5 % 100
SSP11-1 0.53 0.93 0.48 30.55 27.78 41.67
SSP11-2 0.49 1.01 0.50 27.90 28.41 43.69
SSP11-3 0.52 0.99 0.50 33.20 27.08 39.72
SSP11-4 0.50 1.01 0.50 33.91 25.51 40.59
SSP11-5 0.50 0.84 0.46 31.84 26.61 41.56
SSP11-6 0.55 0.95 0.49 3230 26.53 41.16
SSP11-7 0.52 0.83 0.45 28.08 29.15 42.77
SSP11-8 0.50 1.21 0.55 34.67 25.76 39.57
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Fig.5 Mass chromatogram of soluble organic matter in samples
(m/z=191)
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Table 7 Absolute composition of aromatic fractions in samples
) BT P i (ngg ™)
TR fea SSP11-1  SSP11-2  SSP11-3  SSP11-4 sspf-i SSP11-6  SSP11-7  SSP11-8
B 1.69 1.56 0.61 1.77 1.05 1.70 1.15 1.97
AL 4.65 4.67 3.49 4.10 3.57 4.49 3.89 443
Y| LR 0.14 0.16 0.15 0.16 0.15 0.19 0.15 0.15
THIFLZ 252 275 223 238 221 274 237 248
SUIE o 0.57 0.67 0.48 0.54 0.54 0.63 0.57 0.68
S 4.00 3.74 4.62 2.92 3.48 3.61 3.26 3.85
FHEEOR 4.48 4.12 5.30 3.47 3.83 4.29 3.98 4.92
L HEIRR 0.05 0.05 0.05 0.04 0.04 0.05 0.04 0.06
— ffﬂ%ﬁa&% 1.79 1.94 2.11 1.72 1.58 1.83 1.65 2.19
IR 0.04 0.05 0.04 0.05 0.06 0.07 0.12 0.07
=IO 0.32 0.36 0.29 0.68 0.29 0.29 0.31 0.49
Ko} =k 0.21 0.18 0.28 0.16 0.19 0.19 0.22 0.31
X =R 0.36 0.33 0.45 0.64 0.32 0.39 0.33 0.88
%) 1.64 1.69 1.53 1.45 1.43 1.72 1.58 2.07
LB 3.24 3.00 2.98 2.66 2.64 3.02 3.09 430
UEY] _ .
HIILD) 221 2.11 1.89 1.65 1.83 2.05 2.11 2.97
E22 0.3 0.31 0.19 0.26 0.24 0.29 0.28 0.37
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F 2L 7.26 6.78 7.12 5.97 6.03 6.94 7.07 9.46
RS _
ZHEEE 3.26 321 3.15 3.14 291 3.21 3.18 3.54
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BT 131 135 1.60 1.13 1.32 1.41 1.67 2.60
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THHEEE 4.49 43 4.09 327 3.83 4.02 4.08 6.25
Yl EidfiE 0.25 0.25 0.16 0.20 0.19 0.24 0.26 0.31
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ZHERIR 1.47 1.59 1.49 1.38 1.27 1.49 1.38 1.79
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TR 0.12 0.11 0.11 0.08 0.08 0.10 0.11 0.14
PRI O G BRI I 2.39 238 237 3.08 2.00 2.52 2.46 6.30
Wk 251 g 0.17 0.16 0.06 0.03 0.15 0.08 0.14 0.07
FH L 0.04 0.04 0.03 0.79 0.02 0.02 0.02 nd
SEH LR %f%i%% 1.12 1.16 0.99 0.88 0.92 1.14 1.11 1.72
O LR 0.42 0.38 0.40 0.44 0.34 0.41 0.43 0.72
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Fig.7 Chromatogram of soluble organic matter in coal samples
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