e

IS
[SSRIEN)

vo gff

s
mE

ot ¥ o5 W o M

Spectroscopy and Spectral Analysis
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Fig. 1 Near-infrared spectra of different coals
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Table 2 Proximate analyse and ultimate analyses of lignite
(YNH, FH), bituminous coal (AY, MY) and

anthracite (EWY, CWY)

T AR 43 A AT
(db, Wt%) (daf, Wt%)  H/C
Koy 15 K5y [ 7 ik C H
YNH 19.35 38. 28 24. 34 67.12 3.19 0.570
FH 10.12 35.27 24. 14 61.37 3.94 0. 770
AY 6. 94 23.69 39. 07 62.45 2.89 0. 555
MY 1.15 14. 56 65. 36 75.45 3.56 0.566
EWY 6.07 2.71 84.99 76.18 3.33 0.525
CWY 2.77 5.38 61. 60 82. 45 3.19 0. 464
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bituminous coal (AY, MY) and anthracite ( EWY,
CWY); (b) The relationship between the absorbance at

10 001 cm™' and the fixed carbon content
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(a) The XRD spectra of lignite (YNH, FH) . bitumi-
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(b) Gaussian fitting curve of ¥ peak and 002 peak of
EWY coal sample in 20 range of 10°~35°

Fig. 3

&3 XRDEMSH
Table 3 Structure parameters of XRD

y & 002 Ik
B e wmn Y wp wmm TR
oy B
YNH 18.33 5 150.66 9.52 24.04 5 116.69 7.58 0.498
FH 19.16 7 480.88 8.66 24.71 2672.72 5.9 0.263
AY 21.58 3524.84 5.92 25.73 6 763.85 4.24 0.657
MY 20.28 1056.22 3.93 25.01 8 302.36 4.68 0.887
EWY 19.38 1102.79 4.73 25.56 10 095.72 4.73 0.902
CWY 19.57 1923.67 5.17 25.86 18 423.64 5.17 0.905
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Fig. 4 (a) The relationship between the f, and the H/C; (b)

The relationship between the spectral slope and the f,
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TEDMEJ P ek AR A R 2 SRR R K Bl
s KR REFN T MR R 04 7K A A 25N R (RS B K A
HH 0 5 T IR A TC AR AR . 4 655~4 000 em ' Ab 11 W WO S A
BT 6 W T 7= A 1 R A3 5 T e 4 &y R, AR
2 AT LA PR R U A S R > T S A
NIR 3% [ - W5 A 6 5% 553 2 40 > A 0 > TG I I
2.2 kﬁﬂléﬁu
CEEA RS L FER S B E RS = E B K XRD
?z%ﬁiﬁ’]ﬁ?’iﬁ%‘f;f X 5 S 21 A0 56 35 R AE 55 i 22 H] 1
AHCPE AT T MR RE . AS TR ISR 18 52 5 30 21 AN G /N 5 8 R
e[ E B A G, T ZLAM SRR AL R R DT M T B
oK T LLAMGIE FE HE AR WU 1Y 58 55 5 e rhoK 4 FE K
NEEA R, TFXFAHKKR, 454 Fisher—& 4 ] | 4
T T 4 BRAS [7] 7 b e Y5 A 7 1y S 26 30 1o FH AT A 5R
TSR PCA XS #E AT M 4E, AP s i i A 1 557 4~
BB 394 A, FI A F A BT TTERE i E S () PR
ﬁEP PC1 (98. 11%) 1 PC2 (1. 71 %) XN R e T
99. 82 %0 Wy B 25 5 . & W IX T A~ 2 A 43 R 4% IR R BR i b 43
BLF A REAR . A PC1 Fn PC2 Y 25 77 & fn 18] 5 (b) A
()T s BAar A BT b 1 34 0 0 8 A 43 5 4 i 2070 o 1) AH
R, Hmr R B0 4 0 (BB K, X 3 LA B STk R,
5(b)rh PCT (1 8 47 & B » X PC1 3% fe KA J& i F 6 205
em b B REAE OO, JLROEALF 7 250 Rl 5 458 em ' AbAY
W, 6 205 em A RRAE R s T C—H T g 4R g g —
5 95 A 'ﬁﬁﬁi*ﬁéﬁéﬂﬁ&ﬁ%mwﬂ&ﬁéé, 7 250
em ™ b M ARAE R IR F C—H i 45 4R 3h 1 A5 AR R C—
3 /%erzjm’]éﬂ%ﬂliqﬁzmk, 5 2 K 43 i Wl 56, 5 458
em AL RYARAE R R T O—H iR gl . 5K 4 iR A
Xy U] PC1 R ZHO TR #8430 & o HOR 2K 43
e, B 5 ()@ PC2 5 4 345~4 000 em™ ' ik B WOk
FEAH P e ok . KB F 5 174 em™ AR IR %, 4 655~
4000 em P BR AR HLALS FIZ A IR, 5k
SIRTIEEL AN G B R WA 56, 5 174 em AL Y IR W e 3R AE
O—HM4 M O—H R4 & 93, 5K 53 %t 2051 9 % i
A, UL PC2 B TR P 5 R 43 FOK 43 I3 & .

B R0 A T N A S AT B A . ol A B
A58 1 78 B Ol 48 v ) W e B &, PCL1, PC2, PC3, PC4,
PC6, PC7, PC8, PC9 il PC10 E /A &k A &, #E A F & fi
%I, f# FJ§ PC1, PC2, PC3, PC4, PC6, PC7, PC8, PCY A
PCI10 g5y Fisher 3 BB, JL45 3 2 241 340 3] o8 45 A R 19
A0 AL 1 bR B K eR RO R R A AR AR o R BOR TR IR R
[, BEEEST —AMIF AR R DA AL R R AR R L ) R
L(57. 7% WY AEAE A 10. 63, F 7 B4 2(42. 3%0) WY FRfE A
N 7,802, WU A BRI, ST I O AR e A SRR A
B A A AL A ) 53] e Bcin =X () Fn =X (5) B

F, = 0.301X, + 0.212X, — 0.211X, — 8.169X, +

8.917X; — 19. 393X, — 25. 721X, — 14. 089X, +

24.106X, —0.079(57.7%) 4

F, = —0.031X, + 2.001X, + 2.083X; — 1.830X, —

1.799X, — 3.920X; + 3.020X, + 9.314X; —

28. 885X, —0. 003(42.3%) (5)

A X, —X, 483 PC1, PC2, PC3, PC4, PC6, PC7,
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Fig. 6 (a) Discriminant function (F,, F,) decentralized point

map; (b) Correlation coefficient of each variable in the

discriminant function (F,, F,)
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Abstract The information on coal species provides technical support for evaluation of coal quality and import and export tax.
Traditional coal identification methods require the determination of indicators such as dry ash-free volatile matter., the light
transmittance of low-rank coal, bonding index, the gross calorific value on the moist ash-free basis of coal samples and other
indicators, with large energy consumption and long detection cycle, which is not conducive to the rapid customs clearance at
ports. Due to the advantages of no chemical reagents consumption, and fast and low cost, the research on coal identification by
near-infrared spectra has attracted extensive attention. However, there has not been any application for the identification of coal
from different sources in the world so far, and the correlation between NIR spectral characteristics of cal and coal species remains
to be explored. This research collected 410 representative samples of imported coal from 9 countries, including Australia, Russia
and Indonesia, etc. involving lignite, bituminous coal and anthracite. By analyzing the near-infrared spectrum, it is found that
the differences in NIR spectra of different coal species mainly focus on absorbance, spectral slope and characteristic peak.
Combining sample composition information, X-ray diffraction analysis and near-infrared spectra to analyze the reasons for these
differences shows that the NIR absorbance is positively correlated with the fixed carbon content in coal, and the spectral slope is
negatively correlated with this the aromatization of coal. The increase of coal aromatization leads to the increase of the absorption
coefficient in the long-wavelength direction and the decrease of the spectral slope. Spectral characteristic absorption peaks are
mainly the characteristic information of water and hydrogen-containing groups of organic substances, and the intensity of
characteristic peaks depends on the content of water and volatile matter in coal. Principal component analysis (PCA) was used
for data dimension-reduction, and the spectral variables were reduced from 1 557 to 394. The first 10 principal components were
discriminated step by step, and PC1, PC2, PC3, PC4, PC6, PC7, PC8, PC9 and PC10 were selected as input variables to
establish the Fisher discriminant analysis model for coal species identification. The verification accuracy of modeling sample was
98% , the cross-validation accuracy was 97. 8%, and the verification accuracy of the test sample was 99.1%. PCA load diagram
shows that PC1 and PC2 are mainly related to the volatile content of coal, followed by moisture content. The correlation between
the discriminant function 1 (57.7%) and PCl was the strongest, and the correlation between the discriminant function 2
(42.3%) and PC2 was the strongest, which indicated that the difference between volatile content and moisture content in

different coal species was the internal basis for the identification of coal species by NIR.
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