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Effect of demineralization
on lignite structure from Yinmin coalfield by FT-IR investigation

LIANG Hu-zhen, WANG Chuan-ge, ZENG Fan-gui, LI Mei-fen, 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: The raw coal and demineralized coal obtained from Yimin lignite were studied by Fourier transform
infrared spectroscopy ( FT-IR) with curve-fitting analysis to obtain the structure change information after
demineralization. The results show that demineralization has little effect on aliphatic hydrogen and hydroxyl. The
absorption intensity of CH, asymmetric stretching vibration changed little, that of CH stretching vibration
decreases, and that of CH, symmetric stretching vibration and CH, asymmetric stretching vibration increases. The
absorption intensity of OH-N, OH-OH and OH-m hydrogen bonds decreases and that of ring hydroxyl and OH
—O intensity increases. Demineralization has great effect on aromatic structures and oxygen-containing groups.
Aromatic structures change from three hydrogens per ring dominating to three and four hydrogens per ring
dominates. The absorption intensity of alkyl ether and aliphatic carboxylic acids decreases significantly after
demineralization, which may be caused by hydrolysis reaction. The absorption intensity of phenolic hydroxyl and
carboxylic acids increases greatly after demineralization.
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Table 1 Proximate and ultimate analysis of YM coal sample

Proximate analysis w /% Ultimate analysis w ./ %
Coal sample
Mad Ad Vdaf C H O - N S
Raw coal 6.94 13.23 43.41 75.67 4.76 18.25 1.05 0.27
Demineralized coal ~ 6.83 1.41 42.27 79.44 4.37 14.91 1.02 0.26

* . by difference
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Figure 1 FT-IR spectra of different sample
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Figure 2 Curve-fitting FT-IR spectrum of ash and aromatic structure for raw coal (a) and demineralized coal (b)

2

Ve d: gpo o o AR B

S IEI S &R IKIES 5

Table 2 Parameters of FT-IR spectrum of aromatic structure for raw coal by curve-fitting

Peak # Position ¢/cm™ Assignment Area percentage /%
1 739.25 2 adjacent H deformation 3.27
2 750.58 2 adjacent H deformation 20.10
3 764.14 3 adjacent H deformation 20.41
4 778.41 3 adjacent H deformation 11.33
5 788.37 3 adjacent H deformation 12.56
6 798. 25 3 adjacent H deformation 15.54
7 808. 19 3 adjacent H deformation 6.99
8 821.35 4 adjacent H deformation 9.80
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Table 3  Parameters of FT-IR spectrum of aromatic structure for demineralized coal for by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 749.35 2 adjacent H deformation 11.01
2 769. 44 3 adjacent H deformation 13.70
3 780.73 3 adjacent H deformation 9.84
4 803. 82 3 adjacent H deformation 13.99
5 820.37 4 adjacent H deformation 15.33
6 838.07 4 adjacent H deformation 12.65
7 857.41 4 adjacent H deformation 7.32
8 875.50 5 adjacent H deformation 16.16
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Figure 3  Curve-fitting FT-IR spectrum of oxygen-containing functional group for raw coal (a) and demineralized coal (b)
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Table 4 Parameters of FT-IR spectrum of oxygen-containing functional group for raw coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 1011.90 ash 1.57
2 1036.83 alkyl ethers 5.84
3 1097.03 aryl ethers 4.88
4 1171.67 C-0 phenols 0.87
5 1214.75 C-0 phenols 4.95
6 1273.98 C-0 phenols 5.92
7 1329.74 C-0 phenols 5.59
8 1388.55 CH,-Ar, R 8.14
9 1442.97 CH,-, CH,- 6.73
10 1501.95 aromatic C=C 8.33
11 1579.11 aromatic C=C 18.08
12 1629.02 conjugated C=0 14.94
13 1696.20 carboxyl acids 10. 10
14 1727.04 aryl esters 4.08
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Table 5 Parameters of FT-IR spectrum of oxygen-containing functional group for demineralized coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 1035.90 alkyl ethers 0.96
2 1093.73 aryl ethers 5.51
3 1166.14 C-0 phenols 8.09
4 1217.94 C-0 phenols 8.11
5 1271.54 C-0 phenols 8.96
6 1325.08 C-0 phenols 7.59
7 1386.39 CH,-Ar, R 8.35
8 1451.27 CH;-, CH,- 8.90
9 1505.91 aromatic C=C 2.89
10 1576.66 aromatic C=C 12. 64
11 1624.85 conjugated C=0 15.03
12 1709. 14 carboxyl acids 12.50
13 1753.94 aryl esters 0.48
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Figure 4 Curve-fitting FT-IR spectrum of aliphatic material for raw coal (a) and demineralized coal (b)
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Table 6 Parameters of FT-IR spectrum of aliphatic for raw coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 2834.85 sym. R,CH, 8.21
2 2852.82 sym. R,CH, 12.79
3 2871.49 sym. R,CH, 6.06
4 2 896.95 -R,CH 22.45
5 2922.13 asym. R,CH, 22.72
6 2939.93 asym. RCH, 15.00
7 2964.12 asym. RCH, 12.77
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Table 7 Parameters of FT-IR spectrum of aliphatic for demineralized coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 2834.23 sym. R,CH, 7.09
2 2 851.99 sym. R,CH, 11.65
3 2872.07 sym. R,CH, 11.91
4 2 896.36 -R,CH 14.18
5 2919.91 asym. R,CH, 22.96
6 2933.94 asym. RCH, 17.64
7 2961.78 asym. RCH, 14.57
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Figure 5 Curve-fitting FT-IR spectrum of hydroxyl for raw coal (a) and demineralized coal (b)
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Table 8 Parameters of FT-IR spectrum of hydroxyl for raw coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 3077.38 OH-N 4.35
2 3186.97 ring hydroxyl 25.56
3 3302.11 OH-O 25.04
4 3411.22 OH-OH 35.18
5 3505.07 OH-m 9.88
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Table 9 Parameters of FT-IR spectrum of hydroxyl for demineralized coal by curve-fitting

Peak # Position o/cm™ Assignment Area percentage /%
1 3079.57 OH-N 3.59
2 3193.61 ring hydroxyl 28.25
3 3330.65 OH-O 29.82
4 3436.64 OH-OH 30.79
5 3518.53 OH-m 7.54
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