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Macromolecular structure and formation mechanism
of raw coal in coal seam 11 of Wumuchang district, Inner Mongolia

ZHANG Li, ZENG Fan-gui, XIANG Jian-hua
(Key Laboratory of Coal Science & Technology, Ministry of Education & Shanxi Province ,
Department of Earth Science & Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Based on the results of proximate analysis, elemental analysis, "C-NMR, FT-IR and XPS results,
the structure model of the raw coal in coal seam 11 of Wumuchang district, Yimin Basin of Hulun Buir, Inner
Mongolia was built using ACD/lab software. The “C-NMR predicting software ACD/CNMR predictor was used
to modify the structure. The macromolecule structure model which coincides with the nuclear magnetic resonance
map is achieved. The characteristics of structures of macromolecules are as follows. Benzene, naphthalene,
anthracene and phenanthrene are aromatic constitutional units, the quantities are 1, 2, 2, 1 respectively. Ether
linkages, hydrogen aromatic rings and ortho methylene are bridges connecting aromatic units. Oxygen atoms
exist in forms of phenolic hydroxyl groups, the quantities are 7, 3, 2 respectively. Nitrogen atoms exist in forms
of pyridine and pyrrole. Methyl and short fatty chains are distributed in the edges of aromatic rings. The coal
structure is compared with lignite in nearby mining area and Shendong long flame coal with similar metamorphic
grade. In the environment of high temperature and low pressure, oxygen containing functional groups are lost
rapidly in the process of thermal revolution, leading to the formation of short chain aliphatic groups. The
environment of low pressure during thermal revolution is benefit with escape of micro molecules, leading to the
aggregation of free radicals, so that large aromatic structure units are formed. However, due to the steric effect
caused by the linear chain aliphatic groups, the orientation arrangement of aromatic structure units is not favored,
leading to the phenomenon that the maturation of chemical components occurs before that of coal structure.
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Table 1 Proximate and ultimate analyses of WMC
R o Proximate analysis w /% Ultimate analysis w,./ %
0
" Mad Aad Vdaf C H O * N S
0.46 5.14 16.15 33.15 77.79 4.48 16.02 1.28 0.43

note; R (% ) is the maximum reflectance of vitrinite in coal; M, is moisture mass fraction of sample in the air dry basis;

A, is ash mass fraction of sample in the air dry basis; V,, is volatile matter mass fraction of sample in the dry ash-free basis;

w(0") =1 -w(C) —w(H) —w(N) —w(S)

1.2 #ZEEIREE (¥ C-CP/MAS NMR)
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WHCAT 000, KT8 4 ws , JEAIEIR B[] 4 s, iR 58 X
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Figure 1 Curve-fitted spectrum of WMC " C-NMR
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Figure 2 FT-IR of WMC raw coal
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Table 2 Carbon chemical shift region attribution
Chem. shift  Carbon No. Chem. shift Carbon No.

16 R-CH, 75 ~90 R-O-R

20 Ar-CH, 100 ~ 129 Ar-H

23 CH,-CH, 129 ~ 137 bridgehead

33 CH, 137 ~ 148 Ar-C
36 ~50 C, CH 148 ~ 165 Ar-O
50 ~ 60 O-CH;, O-CH, 165 ~190 COOH
60 ~70 O-CH 190 ~220 C=0

#*3 WMC WEHSH
Table 3 Parameters of the WMC

Sample £ . 1. fo £

1.5 f.E fu fu” fa" fu®

WMC 0.66 0.09 0.56 0.39 0.18

0.11

0.16 0.12 0.33 0.09 0.24 0.00

note: f,: total aromatic carbon; £, : toal aliphatic carbon; f,°: carbonyl 8( chemical shift ) >165; £, : in an aromatic ring ; f,":

ptotonated and aromatic ; f,:

as

CH, or nonprotonated; f,": CH or CH,; f,,°: bonded to oxygen
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nonprotoanted and aromatic ; f,": phenolic; f,°: alkvlated aromatic; £, : aromatic bridgehead; f, *
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Table 4 Types and quantities of aromatic unit structure

Type Quantities

Type Quantities
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Figure 3 FT-IR analysis of WMC during 2 800 ~3 000 cm



1298 R I ¢ 541
&5 WMC #2800 ~3000 cm’ 5T & & IR BIE S
Table 5 Peaks parameters of curve-fitted during 2 800 ~3 000 cm
Peak FWHM CenterGrvty AreaFitTP Attribution

1 31.17 2832 6.75 symmetrical R,CH,
2 23.51 2851 15.40 symmetrical R,CH,
3 23.89 2870 7.40 symmetrical R, CH,
4 35.93 2899 25.20 R,CH
5 26.01 2923 27.99 dissymmetrical R,CH,
6 29.64 2946 12.08 dissymmetrical RCH,
7 23.88 2961 5.18 dissymmetrical RCH,

:

= 2

- =

. 1 . 1 ' 1 . 1
528 530 532 534 536 292
Binding energy  E /eV Binding energy  E/eV
Kl 4 WMC BEAE T XPS 73 K5 WMC BERRIE T 19 XPS 73
Figure 4 Curve-fitted of oxygen atom Figure 5 Curve-fitted of WMC carbon atom
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Table 6 Existence form and quantities of WMC oxygen Table 7 Existence form and quantities of WMC carbon

Binding energy o Quantities ) Binding energy  Quantities ) o
E eV Attribution % Proportion E eV /% Proportion Attribution
531.30 carbonyl 23.35 3 284.54 86.43 43.6 C-H C-C
532.80 hydroxyl 60. 44 7 286.07 7.27 7.0 Cc-0
534.10 carboxyl 16.21 2 287.18 3.62 3.0 C=0

289.01 2.69 2.0 COO-
[l , B WMC SR C 1s 79 XPS 1% 18] Je Hogric
A (WLEL ) AT LA s DL FOE S A 7R
T WMC SR 251 (UL 7)), RIG S0 s A B Bl B |
Ak BRIEDI BB IE S S HIREUR 713 22, R
B AR T I XPS BT I SR R L 2
E—, z
2.2.3.2 FT-IR &R BB 5
FRHE 1000 ~ 1800 cm™ 21 A3 i 4 eI B, A
NZPECEE N R E e 3 =2  BERUE RER] R
TR ANHRUFR IR , FL i i i b UL B 6, 73 DAL 2% 1000 1200 1400 1600 1800

2R 8,

Wavenumber a/cm!

6 1000 ~1800 cm™ P BEArIdtl &
Figure 6 Curve-fitted of FT-IR during 1 000 ~1 800 cm™
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Table 8 Peaks parameters of oxygen functional groups’ curve-fitted

Peak Center Grvty FWHM AreaFitTP Attribution
1 1049.48 57.11 11.30 C-0-C
2 1094. 86 38.07 11.99 C-O of ether
3 1126.23 42.82 7.59 C-O of ether
4 1166. 67 40. 05 5.55 hydroxybenzene
5 1205.48 54.48 5.34 hydroxybenzene
6 1257.06 61.98 5.40 C-O of aryl ether
7 1310.36 70.92 5.16 C-O of ether
8 1368.82 56. 65 3.25 CH;-Ar,R
9 1 406. 61 70.70 3.98 CH,
10 1447.64 53.87 7.39 CH, .CH,-
11 1501.25 60. 10 3.50 C=C of aromatic hydrocarbon
12 1557.77 45.76 1.18 C=C of aromatic hydrocarbon
13 1610.93 88.76 23.38 C=C of aromatic hydrocarbon
14 1705.90 63.31 4.90 unsaturated carboxylic acid C=0
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PRI, e AR R A i R P S T R
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Figure 7 Curve-fitted of nitrogen atom
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Table 9 Existence form and quantities of WMC nitrogen atom

Binding energe E /eV Attribution Quantities w /%
398.2 pyridine 20.6
399.9 pyrrole 72.0
401.4 quaternary nitrogen 7.0
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Figure 8 Molecular structural model of WMC raw coal
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Table 10  Structural parameters of chemical structural model

Molecular formula Molecular weight Proximate analysis w/% Aromaticity
C,,H,uN,O 1886 c H ° N 0.56
R 77.69 5.56 15.27 1.49 ’
3 45 w AR DX B PR 15 B Al s PR PR3 R I A

1E PC-NMR Hl XPS FT-IR 254544 2 HF 1 L il
b T B 11 SRR A P C-NMR % A
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