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Raman spectroscopy characterization of structural evolution in middle-rank coals
SHAO Yan'”?, CHEN Xiaozhen'?, LI Yexi'?, ZUO Jiaqgi'?, CUI Xi'"?, JIANG Hengyu'?, LI Meifen'”
(1. Department of Earth Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China; 2. Shanxi Key Laboratory of Coal and Coal
Measure Gas Geology, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The second coalification jump which occurred during the middle-rank led to abrupt changes of many physical and chemical
properties of coal, and the change of the aggregate structure may be the fundamental reason. In order to investigate the structural evolution
characteristics of middle-rank coal and its relation with the second coalification jump in detail, the structure characteristics of six middle-
rank coals (R, .=1.10%—1.63%) that across the second coalification jump were studied by Raman spectroscopy, and the structural para-

meters were calculated by fitting the first-order and second-order Raman spectrum using the fitting software. The results indicated that the
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evolution of Raman structural parameters with R, .., is not linear, reflecting the complexity of the structural evolution of coal. According to
the evolution characteristics of Raman structural parameters, the coalification during the stage of R, ,.,=1.10%—1.63% can be divided into
three stages. The turning points are located near R,,,,,=1.30% and R, ,..,=1.50%, respectively, which are exactly equivalent to the positions
of the second and the third coalification jump discovered in previous research. It indicated that the Raman structural parameters can reflect
the occurrence of the coalification jump, moreover, Raman spectroscopy is an effective method to study the coal structure. The first stage
1S Ry pa=1.10%—1.30%, the long-chain aliphatic structures cracked and the remained shorter-chain aliphatic hydrocarbons and aliphatic
substituted structures on the aromatic rings will form new alicyclic structures, which caused the branched degree increases and hindered
the alignment of aromatic systems in coal. The order degree of aromatic system is thus reached the least near R,,,,,.=1.30%, with the smal-
lest W, the largest Fip, the smallest Ap/4g, the increase of Ag/4,, and the significant decrease of Agr/4,. In the second stage of
Ry ax=1.30%—1.50%, the aromatization of the alicyclic structures formed in the previous stage resulted in an increase in the content of aro-
matic C—H structure and the least of amorphous carbon structure. Besides, the degree of aromatization and aromatic structural both in-
creased, which showed that A4 griviivey/4p, AGrivievey/Ads and Fgp, decreased significantly, 4/4 increased, W and dgp, increased quickly.
The last stage is R, ,.,=1.50%—1.63%, the condensation reaction occurred between the aromatic rings formed in the second stage, leading
to the reduction of A,sr/4,. Meanwhile, the various bridging bonds between aromatic ring systems continued to break, resulting in the
formation of some small-scale aromatic structures, as evidenced by a decrease in A,gr/4,, @ small decrease in W, and an increase in
Arivivry/Ap and A griviivry/A4s. These results are the basis for deeply understanding the mechanism of coalification jump and coalification.
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Table 1 Basic characteristics of the coal samples
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WH 1.10  1.06 0.41 27.57 86.26 5.00 454 1.71 1.02
LL 1.17 096 0.10 25.08 8845 493 336 1.60 0.60
TL-2 130 098 022 23.00 87.76 4.72 4.13 1.62 0.57
TL-8 144 045 746 2136 86.09 391 6.12 1.08 2.71
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Table 2 The assignment of chemical shift in Raman spectrum in coal'
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