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Spectroscopy and Spectral Analysis
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Fig. 1 Spectral reflectance curves and bands of obvious local
absorption valleys of the typical coal samples in the
visible and near-infrared range
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Fig. 2 Parameterized representation of features of spectral

reflectance curves of the coal samples
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Fig. 3 Variation trend of spectral slopes of the
coal samples with increasing coal rank

1: No. 1 anthracite; 2: No. 2 anthracite; 3: Meager coal; 4: Meager lean
coal; 5: Lean coal; 6: Coking coal; 7: Fat coal; 8: 1/3 coking coal;
9: Gas fat coal; 10: Gas coal; 11: No. 1 lignite; 12: No. 2 lignite

2.2 REEWE SR KT IE M LAFER R

ToIE—5 (D 2HE D A0 WHE =512
Filfe H AR 2 PR B RE B A 25 4 R ) B 4 XRD 43 #1453
WE 4 frs. BEAE XRD it £ #E 25°F 437 Fff 3 /9 (002) Fl
(100 77 S5 e i 05 v %) - v 100 A0 o O 8o 2 0 B O 1)
EHRGEEREME L, RARMAEM 24 WE R A A
RGBSR R THFES TR TR BN TRK KT

Intensity/a.u.
[ R,

4 mARAENRREEER XRD EE
Q: fid; K. mildfis P w8k M: &
Fig. 4 X-ray diffraction spectra of four
most representative coal samples

Q: Quartz; K: Kaolinite; P: Pyrite; M: Mica
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Fig. 5 Correlation analyses between organic component contents by proximate

analyses and reflectance spectral slopes of the coal samples

(a): Volatile content; (b): Fixed carbon content
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Study on the Visible and Near-Infrared Spectra of Typical Types of Lump
Coal

YANG En, WANG Shi-bo, GE Shi-rong”
School of Mechanical and Electrical Engineering, China University of Mining & Technology, Xuzhou 221116, China

Abstract Because the visible and near-infrared reflectance spectrum is easily to be acquired using cheap instrument and suitable
for online analysis, the features and generation principle of spectral reflectance curve of coal in the visible and near-infrared range
were studied and analyzed in this paper. 12 typical types in the three major coal types of anthracite, bituminous and lignite were
collected from coal mines in Shanxi, Shandong, Ningxia and Jilin. With decreasing coal rank, these coals included No. 1 anthra-
cite, No. 2 anthracite, meager coal, meager lean coal, lean coal, coking coal, fat coal, 1/3 coking coal, gas fat coal, gas coal,
No. 1 lignite and No. 2 lignite. Spectral reflectance curves of these lump coals were acquired in the visible and near-infrared range
by a field spectrometer in the laboratory. By analyzing features of these spectral curves, it was found that reflectance curves of
anthracites tend to be horizontal in the whole wavelength range and the absorption valleys are not obvious. With decreasing coal
rank, spectral reflectance, spectral slope in the near-infrared range, the numbers of obvious absorption valleys and the absorp-
tion intensities all increased. Bands of 13 obvious absorption valleys were selected. Carbon structures and mineral compositions
of these coal samples were measured through X-ray diffraction (XRD) analyses. With increasing coal rank, the aromatization
tendency of amorphous molecular structures of coal plays a major role in reducing the spectral reflectance and flatting the reflec-
tance curve. With decreasing coal rank, overtones and combinations in the near-infrared range generated by the fundamental fre-
quencies of absorption groups mainly including aliphatic side chains in the mid-infrared range generate a lot of absorption super-
position. And most of the absorption valleys are not obvious due to the absorption superposition and the relatively more pro-
nounced absorption valleys appear near 1 700 and 2 300 nm. At the same time, transition metals mainly Fe-contained minerals,
H,O. clay minerals and other inorganic components are also the factors that increase the number of absorption valleys of reflec-
tance curve of coal. Through X-ray fluorescence (XRF) and proximate analyses of these coal samples, the contents of major min-
eral elements such as Fe and Al and the contents of moisture, ash, volatile, and fixed carbon based on air-dried basis were ac-

quired. It was shown that the spectral slope of reflectance curve of coal in the near-infrared range is positively and negatively cor-
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related with volatile yield and fixed carbon content respectively. The sum of absorption depths of H; O bands is well linearly cor-
related with intrinsic moisture content. There is a basically linear relationship between Fe or Al content and the sum of absorp-
tion depths of the relevant bands. However, there is a poorly linear relationship between volatile yield and the sum of depths of
1 700 and 2 300 nm absorption valleys which are mainly caused by overtones and combinations of the organic fundamental absorp-
tion bands. The acquisition of reflectance spectrum features of typical lump coals in the visible and near-infrared range provides
the basis for hyperspectral remote sensing of coal mine areas and establishment of spectral library of coals, and also the reference
for the rapid, low cost and qualitative identification of coal categories by shapes of spectral reflectance curves directly. At the

same time, it is of great significance to the development of spectral sensor for coal detection in coal mine.

Keywords Coal type; Visible and near-infrared spectrum; Reflectance; Spectrum feature; Composition analysis
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