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Fig. 1 Infrared spectra of coals with different ranks
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Fig. 2 FTIR spectra of different rank coals
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Fig. 3 The FTIR fitting spectra of aromatric hydrocarbon and
the relative contents of different aromatic hydrogen in

different rank coals
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Abstract The change of chemical structure of coals with different rank is of great significance to the study of macromolecular
structure evolution in coal. The chemical structures of Hequ candle coal, Liulin coking coal and Jincheng anthracite coal are char-
acterized by means of fourier transform infrared spectroscopy. From the four parts of the infrared spectrum, each part has un-
dergone certain changes. In the aromatic structure, the Hequ coal has five peaks, and the Liulin coal is reduced to three peaks,
and then the Jincheng coal is increased to five peaks. In the oxygen-containing functional group, as the coal rank increases, the
peak area of the wave number between 1 100 and 1 350 cm ' gradually decreases. And peaks tend to be flatter which indicates
that coalification is a process of being carbon-rich and deoxidized. In aliphatic hydrocarbons, in the spectrum. the shoulder num-

' is widened, which shows an increase in the content of methyl groups. The peak shape

ber of the wave number near 2 952 cm™
near the wave number of 2 895 cm™! gradually slows down, indicating that the content of methine is decreased. In the range of
hydrogen bonding, with the increase of coal rank, the spectrum becomes slower and then steeper, and the wave number is more

', indicating that the content of self-associated hydroxyl groups in coal decreases first and then in-

prominent around 3 400 cm
creases. The peak spectrum of the obtained infrared spectrum is fitted and attributed by origin7. 5 software. The results show
that the substitution of benzene ring is mainly based on tri-substituted, with the deepening of the coal rank, the content of ben-
zene ring tri- or tetra-substituted decreases, and the content of di- and penta-substituted increases; in which the content of the
tri-substituted benzene ring is reduced from 63% to 32% . and the content of the benzene ring tetra-substituted is reduced from
17.21% to 12. 86 % , however, the percentage of di-substituted is from 12. 36 % to 24. 44% , and the percentage of penta-substi-
tuted is increased from 6. 55% to 26. 58%. The ash content in the infrared attribution is higher, and the ash percentage in the in-
dustrial analysis is also higher. As the degree of coalification increases, the proportion of the carbon-oxygen single bond decrea-
ses from 37.22% to 27.83%. The carbon-carbon double bond content increases from 31. 02 % to 36. 86 % , and then decreases to
25.42%, and the carbon-oxygen double bond content changes slightly, from 13.07% to 13.02%, and then increases to
13.81%. In the aliphatic hydrocarbons, with the deepening of the coal rank. the percentage of the methyl symmetric stretching
vibration is 11. 67 %, 11.81% and 12. 92% respectively. The percentage of the methyl anti-symmetric stretching vibration is
18.74 %, 18.94%, 24.76% , and the methyl content increases. However, the proportion of stretching vibration of methine de-
creases from 17.38% to 12.53%, and finally decreases to 11. 57 %. The content of methine decreases. The proportion of meth-
ylene symmetric stretching vibration is 18. 09%, 18. 14% and 15. 43% respectively, the proportion of methylene anti-symmetric
stretching vibration is 34.41% . 38.58% and 35. 32% respectively, and the content of methylene first increases and then decrea-
ses. In addition, the hydroxyl-N hydrogen bond is present in the Hequ coal and the Liulin coal, while there is no such hydrogen
bond in Jincheng coal, the lower the coal rank, the higher the percentage content, the ring-associated hydrogen bond is reduced
from 19.03% to 12.71%, the hydroxyl-ether hydrogen bond is reduced from 27.20% to 16. 89 % , which is that the content of
oxygen-containing functional groups such as carboxylic acid and hydroxyl group in the lower rank coal is higher. The self-associ-
ated hydroxyl content decreases from 39.63% to 34.78% and then increases to 37. 88%. The content of hydroxy-x hydrogen
bond increases from 9. 84 % to 27.77%. These changes reveal that coalification is a complex evolutionary process of being car-
bon-rich, dehydrogenation. deoxygenation, and removal of heteroatoms. The research results have reference significance for ex-

ploring the evolution characteristics and control mechanism of coal macromolecular structure.
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