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3C NMR spectra and their fitting curves of samples

(a): HSC; (b): ER; (o): TER; (d: CTER
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Table 1 Chemical shift values and molar percent of different carbons in samples
JE IR 5y 4/ %
= i k2= LB /ppm 31l
T fi LFOB /e HSC ER TER CTER e
1 £l 13.1 6.88 4.05 6. 46 6.18 —CH;
2 1 20. 8 6.73 7.51 4.45 5.27 CH;Ar
3 fa 29.7 10. 3 9. 37 4. 50 4. 81 —CH,—
H
4 i 38 5.02 6.22 3. 49 3. 10 —C—
|
\
5 fh 42.1 1.17 0. 34 0. 06 1.70 —C—
\
2. 46 5.17 1.23 .
~ a1 ~ —CH,—0O—
6~7 n 18~60 1.23 0. 50 1.89 1.05 CH:—0
H
8 I 64. 0 0.11 0. 50 0. 81 0. 65 —C—0—
\
9 £ 73.1 1.72 1.79 2.01 2.57 —C—0—
|
10 % 105. 6 7.24 7.94 8. 87 9. 04 NCH
| F
11 102 115.9 6.79 7.17 6. 82 7.91 X C
| Z
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o~ N X
13 S 131.9 15. 32 10. 81 17.3 17.1 | @
% Z
C
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F
O
15 FO8 151.3 9. 41 9. 26 7.82 4.28 ‘ hes
>
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Table 2 Carbon structural parameters in samples
. o N B fE
SRS X HSC ER TER CTER
Jig W i8¢ 1) C ) Sa=fht At b a4 re 35.61% 35.44% 24.89% 25%£69%
TR LB CfO fo= fO 4 fO2 A fI4 O Cp O3 4 f3 62.82% 63.12% 73.05% 72.53%
e Bk LU ) C N 1.57% 1.43% 2.06% 1.77%
BB IR LE (o) =1/ fa 0. 24 0.17 0. 24 0. 24
PR R (CD C,=f4/fs 1. 96 1.19 0. 80 0. 52
TR (6) O=(fO'+ f2+ fO+ )/ fa 0. 46 0.51 0. 40 0.42
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Table 3 XPS Results for samples and their

deconvolution results of C(1s) peaks
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2 OHE oV ARG A HSC, ER, TER #1 CTER ) TG/DTG 43 #7 it . & 3
284.7 Cc—C 63. 44 67.41 73.14 76. 96 (a), *E%H%r’j;ﬁ i) He i e T 2 g 3L B X Iﬁjrm s %Fﬁ Origin
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Effect of Sequential Solvent Treatment on the Macromolecular Structure
of Organic Matter in Zichang Coal

ZHANG Gui-xiong, YANG Xiao-xia* , LIU Kai, FU Feng”
Shaanxi Key Laboratory of Chemical Reaction Engineering. YannengYanda Comprehensive Energy Industry Technology

Research Institute, Yan’an University, Yan’an 716000, China

Abstract Understanding the depolymerization and dissociation of the macromolecular structure of low-rank coal organic matter
at the molecular level, is a key issue that needs to be solved urgently to efficiently use low-rank coal and obtain high value-added
chemicals from it. Based on this, the Zichang low-rank coal was treated by sequential solvent treatment such as ultrasonic
extraction, alcoholysis, and catalytic alcoholysis. Carbon nuclear magnetic resonance spectroscopy (' C NMR), X-Ray
photoelectron spectroscopy (XPS) measurements, thermogravimetric (TG) and differential thermal analysis (DTG) were used
to characterize the samples. The results show that the ratio of aliphatic carbon ( f,) in coal macromolecular structure is
decreased while the aromaticity ( f,) increased during solvent treatments. The distribution of C and O elements are influenced
greatly. The macromolecular structure of coal is depolymerized and dissociated to some extent, and its thermal stability is
increased. After disulfide/acetone (CS,/AC) ultrasonic extraction at room temperature, the structures of oxy-aliphatic carbon
A P, 9 and oxy-aromatic carbon (£, f%) in coal organic matter increase, while the proportion of carbonyl carbon
(f$) . the average methylene chain length (C,) and the ratio of aromatic bridge carbon (yn) decrease, indicating that the
network system mainly composed of polyhydroxyl in the macromolecular structure of coal is weakened and depolymerized during
CS, /AC extraction. The structures of Cy—0O, C,—O are increased. Some carbonyl carbon structures are dissociated. Some
aromatic and aliphatic hydrocarbon fragments bound in coal by n—= interaction and other non-covalent bond interactions are
dissociated by CS,/AC extraction. After alcoholysis treatment, the f, in coal organic matter decreases to 24.89%, and the
methyl carbon (f}) increases, indicating that a nucleophilic substitution reaction occurs during alcoholysis. Some weaker bonds
such as Cux—0, C,x—Cuy are broken. After continued catalytic alcoholysis, the content of oxygen-bound aliphatic carbon ( %)
in coal organic matter is significantly reduced, and C, is greatly reduced, indicating that the organic matter in the coal is further

dissociated and some of the C,,—0, C,,—0O and C,,—C, bonds are broken.
Keywords Solvent treatment; Depolymerization and dissociation; Ultrasonic extraction; Alcoholysis
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