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Spectroscopy and Spectral Analysis
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Table 1 Proximate and ultimate analysis

of different samples

FE i HY HJ BL DJ HK
Ay 6.08 10.34 5.74 11.12  7.17

Tolk 43 B
Ve 33.74 31.25 33.85 33.08 34.79
/W% .
FCs 60.18 58.41 60.41 55.80  58.05
Cs 70.68 67.28 73.79 66.93  66.05
o Hy 4. 50 4.02 4. 46 3.79 4. 32
JLE T
O4 17.48 17.16 14.89 16.73  20.77
/Wt%
Ny 0. 80 0.71 0. 84 0.73 0.70
Sq 0. 46 0. 49 0.28 0. 70 0.99
H/C ¥ 0.76 0.72 0.73 0.68 0.78
O/C JE+¥ It 0.19 0.19 0.15 0.19 0. 24

d: A: ﬁﬁ?, V. ﬁf—yi‘ﬁy FC: [ﬁl?Eﬁ?}'i, d: ‘f"ﬁé%
Note: A: Ash; V. Volatile; FC. Fixed carbon; d: dry basis

1.2 FTIR 3iE 547

S HI Nicolet-470 B % 45 #4T FTIR 3 #7. SLI w7, # T
RIS AR LD 1+ 100 A9 L 5 WAL STR & X 200 AR
IR B 32 s, 3PN 2 om ', SR BUEFETE 400~
4000 em™ ' FIERI YT, HERRAE M A B 45 B R SR RE R K
A4y R X (3 600~ 3 000 cm ') JI§ 7 % 4 45 4 X
(3 000~2 700 cm ') & 4H 8 BRI DT 454 X (1 800~
1000 em ') DL J& JF B 45 44 B ALK 43 2% JiL X (900 ~ 700
em '), fE 3 000~2 800 F1 700~900 em ' 1Y 561 YL [ Y
AT HTER A5 438 o S B0 7 AT D)ol it b S 45 VR s e
JB 2T R s B S T AL B LA eR A R R T R ORI £
WRBIA S . IR TS AR . SRA
A R e, A T R e i 0 P 005 AR RE A TR 3R A R I /)
k. FTIR JEREHRFE fh 20 BB Be A 28 a3k 2 s .

BUE AT AR SECET UIT A, FHE A
JIg 7 % B4 (Hal) 1 55 75 B4 (Har) 290 BT R AR & 2 . 1507
% B A U S T A 38 R AN [ Ol 3 DX 1 W O B Sk AR AT AH N7 A 45
W RZEW AR HAE AL B FTIR 6385 8095 19 & 1307
EL AT EARK MK DO AR @

Ag A 000~2 800 e
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Aal Ayl
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3 000~2 800 Fl 900~700 cm "&b, Xt F UM, au F a. 1R
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Table 2 Band assignments for different functional

groups in FTIR spectra

¥ 5 fi#/cm™! B RE M

1 3 419~3 359 O—H = N—H i g5 4% 3

2 3 080~3 035 WHEW C—H %R 30

3 2 975~2 955 JIG D W CHa Xt ik {8 4 s 21
4 2 925~2 919 T 7 e CHL B2 X Bk 45 9% 2
5 2 900 Jig i C—H L3 B 45 4% 3h
6 2 863 RE Wi i CH %o Bkl 45 3% 3
7 2 848 N Wil CH, X R4 45 4% 8
8 1 745~1 730 REWF il B > B2 . B, B (C=0)
9 1721~1 695 FEBORE, BRID

10 1615~1 585 WRE (C—C)

11 1500~1 450 (C—C) . fih 5

12 1 460~1 450 g Wi 8% (CH3 . CHy)

13 1 380 X Bk (—CH,—) 25 i A8 &

14 1 300~1 000 B (C—O—C) fih 45 25 1

15 900~700 M (C—H) . 0 4025 th IR 30
16 880~860 FEIF(CHD . AR4R 8 H AT
17 849 FE(CH) , MHAW H 4B
18 776~730 I EIH(CH) , 4% H AT
19 730~720 SERRMIRL(CH) s n>4]

Hop Co/CAREME Wi B LS BRI (. H/CRER T a7
FERME . Ha/CoJE I8 Wi TR S5 4 v e 2 SRR LU {8 i 2 5
{HBLE N 0. 18, Ha/H M85 &5 B a0y s ay . Kt
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BINR - 5 7 PR 4 G RGO L T 4R G R P B A R BE
W/NERL, HA BRI . 451 S8 Bkt R A
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1.3 Raman 3 4> 47

Raman Y8 oof B 5% JYHR800, HORIBA Scientific,
Edison, NJ 094 %l T RE&E; BOGBK M5 5K 532
nm Fl 2 mW, S2I645 o8 5 BU BE Bl 700~2 200 em Y
KB FAT T . X T A sk, RZ TR RPIAE Raman 6%
ST AEFE B A& . 7 F1 590 em ! AbRAE A Bk
M G g A 1 350 em ™' Ab FRAE A B A4 RL B BE AR BE Y D I,
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Table 3 Assignment of bands for Raman spectra (1 800~800 cm™") of coals
Exi {7 B /em™! HAE iy
GL 1690 I C=0 sp?
G 1597 HERRZRIFEE s ke C—=C sp?
Gr ~1 540 sp?
Vi 1500 3~5 5/ JFEH I RIE M s ToE B ik 45 14 sp®» sp®
Vi 1420 sp?, sp’
D 1372 J5 (=6 DRLARIR, T8 sp?
SL 1269 o B 5 ik 5 X097 ke sp?. sp’
S ~1185 Caromatic—Catiy 5 75 BRI IERE ; ST FIEA B C—Cs NASRIARK sp®s FHF Ly C—H sp? . sp?
Sk 1109 R L C—H; s AU R sp*
R ~930 SR IR By C—C; J5F/W [y C—H sp”» sp
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(a): 2 000~400 cm '; (b): 3 600~2 500 cm ™!
Fig. 1 The infrared spectra of the coal marked at the main
peak position after baseline correction

(a): 2 000~400 cm™'; (b): 3 600~2 500 cm !

ZIFE T OH LU KRA®E N-H BRI =S . 5k,
TE 2 923 em b CH, JOXFR A 45 4% 2l i 8 B 88 8 T 2L % B
AR IR Bl . WA 6 B 7E A K I B D7 iR CHL B A& 25 57 . 78
1 000~1 800 cm™ 'y Bl N & S B REF . 8 B3 A0 45 ¥ 3k (82
PRI AL . AR BRILSE . X S SE P A B B AR SR 1Y 5
KAE, BEATRIAEAE S I N BB 5 R 1 5 K 3, BRAR A B
RERLE R . AR TR TRAH . 550, BREEF
VA v S5 0 52 7 T ELR g Y G S A R 3o AR v T R
HEE, FET A AE=HRET.
2.1.2 FTIR k349 4 4 A4

AR 1.2 g i A 20 H T4 FTIR J6i% 9 A8 8] 45 44
SR, SRR 4 PR, W LA BLRE G Y 07 B E & T
A RE R TR S BLOFE S0 B A . BEE R
AP B4, B DY B S RS 0. Fe e A A B RR AR
X (R/O), TR LR, Orrego Ruiz " 1A g M 43 F oW 25
¥ 55 5 S5 46 6 B2 B0 Bt O 1t R RAE A AL R B2 9 R 47 F B
M 2D AT LA, (R/O), F1 H/C 1R F b ik b 2
AL A, BT TR 2(0) . Hy/H MA /A A SEEA
b H/C JFEF 78 1k B BLIA B i 2 P AR Tk ML, X HL L |
AR ZER/O RIEEHMF Ha/H A, /Ass Z
4585 Li 25 AR RF T 45 0 — 5.

x4 FTIRSMEBSH

Table 4 Structure parameters from FTIR calculation

K& Ha/H  furro  (R/O CH,/CHs Au/Au

HY 0.76 0.68 0. 28 1.92 0. 30

HJ 0.77 0.70 0. 29 1. 54 0. 29

BL 0. 66 0.73 0. 27 1.71 0. 47

D] 0.73 0.72 0. 30 1.12 0.33

HK 0.72 0. 69 0. 26 1. 84 0. 35
2.1.3 FZHH4EHGEE

B3 D9 [ BERE 55 A 45 #y C H R 3haiF (3 000~2 800
em D4R, CH,/CHy 55 H/C Iy MR R A 4
FiR o I AR a3 TT LU o I FH A PR &k BE R B R
WA I 368 10 3 T B oh T 05 7 BRI 4 A K COF AR AT
PR S R ARG, S 3055 0 00 A0 I Ik 45 Ay 3 2



57 Sl o 5615 M 2053
2.1.4 FHKEMGEIE B 55 A B RN 45 5 72 A A B

WA 900~730 em "I By, A 5 T LI E =4
MK CHAX. 5 MM T4 R 10 4%
W k32 MM FHEA(~870 ecm D), B LK 2
AHHAB A (~ 815 em™ ) Al 4 A AH 4B #) 7 & A (~ 750
em” DMl £, FIR/CO) L, SHEM, WHAE 870 em ! 4b
B B KR R 2 A (>3 35 AT, B L AR
TR AT DT DR JE 9 BEAT 55 A B A A . A B
WERER LS 4550, 76 780 em ' WIE M S B E A K, T
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(a): Apparent aromaticity f.rrir) vs H/C ratio; (b): (R/C), vs H/
C ratio; (¢): Hy/H and A../A, vs H/C ratio
Fig. 2 Relationship between H/C ratio and parameters
obtained from FTIR calculation
(a): Apparent aromaticity f.rrir) vs H/C ratio; (b): (R/C), vs H/
C ratio; (¢): Hy/H and A../A, vs H/C ratio
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Fig. 3 Curve-fitted FTIR spectra of the aliphatic C—H stretc-

1

hing vibrational band in range of 3 000 to 2 800 cm™
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Fig. 4 Relationship between CH, /CH; values

and H/C atomic ratios
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Fig. 5 Curve-fitted FTIR spectra of the aliphatic C—H stretc-

hing vibrational band in range of 900 to 730 cm™!

2.2 Raman 3547
2.2.1 kg Aok iE R A AR

&l 6 24 Raman 610t 45 0, 50 BEAEAM L, Eh
BN 2 U] AN E S S BENAR, XEILEG
U R D W, X AR AR B AR 05 BB B Raman Sl , & HT
TV Z 5 drktt . Hop, Sadezky S5 $2 9 R Li 4L
P 1 3 T 7 B BUE W] 2 B A & 1Y . Sadezky MY BIFE R BT,
1E 800~2 000 em 'JEE P, 4 MBI ZEIE(G: 1580 em !,



2054

S 4 BT

CEENE o

Di:1350cem ', Dy 1620cem ', Dy: 1200 em™ D FI— 5
B (D, ;1 500em ) 4014 ROR BT . Li %00 75 45 3 R A
TR B A B 4 RN B O X AT 24
., A ADNES HIUHG, GR+VL+ Ve, DRI S, H4
PR G, Ses Sk A1 R,

SR Li 2 B th 10 07 20 17 W 009 85 LA 4007 o
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Avy )9 A7 2895 75 3609 Ho . Raman Db S U f9
(7 BT D WL S BRI sptosp’ B sp’ Z¢ AL AR B A 0
R I BB L (0 5 3 5 7 A R IR € C
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W IR T AL 5 B S, v Ses S, Fm .
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1
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Fig. 6 Spectral decomposition results of coal

samples with 10 bands method
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obtained from Raman spectra
(a): Area ratio of each peak and H/C atomic ratio; (b): Different
peak area ratio and H/C atomic ratio; (c¢): Main peak FWHM and

H/C atomic ratio
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Fig. 8 Simple coal structure model using

Raman and infrared analysis
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Investigation of Different Structures of Coals Through FTIR and Raman
Techniques

YU Chun-mei, ZHANG Nan, TENG Hai-peng
School of Metallurgical and Ecological Engineering, University of Science and Technology Beijing, Beijing 100083, China

Abstract In order to understand the structure and performance of coal further, the Fourier transform infrared spectroscopy
(FTIR), and Raman spectroscopy was used to analyze the structure of five kinds of bituminous coals(HY, HJ, BL, DJ and
HK) in detail. It was expected that the results obtained by infrared and Raman technology research would bring a deeper
understanding of spectral characterization of coals and also provided reliable guide for the subsequent research of coal and
coal-like materials. Tt could be seen that there are obvious absorption regions in the wavenumber range of 3 200~3 600 cm '
through the infrared spectroscopy, in which the sample HJ was more obvious than the other four coals, mainly due to the effect
of the —OH functional group and some N—H vibrations. However, due to the influence of free water or crystal water on this
band, the judgment error would not be discussed here. At the band of 2 923 em ', it could be observed that the peak of CH,
antisymmetric stretching vibration was significantly higher than its symmetric stretching vibration. The reason that resulted in
this phenomenon was there existeda large amount of aliphatic CH, carbon chain structure, then the potential of hydrogen
liquefaction and application in the subsequent research of coal was huge. In the range of 1 000 to 1 800 cm ', oxygen-containing
functional groups mainly included hydroxyl groups (alcohol hydroxyl groups and phenolic hydroxyl groups), carboxyl groups,
carbonyl groups, etc. In order to characterize the coal structure more clearly, the relationship between the apparent aromaticity
farriv » (R/C)y» Hy/H, A,./A, and H/C atomic ratios of coal was studied. According to the calculation parameters, with the
coal quality level increases, the aromatic hydrogen content in the coal increased, and the aliphatic hydrogen content decreased. In
addition, comparing various structural parameters, found a linear relationship between f,rrr » (R/C), and H/C atomic ratios,
which could more accurately characterize coal rank. Raman spectroscopy was fitted by Origin 2018, and the deconvolution
method was used to divide the spectrum into ten peaks, namely G, Gx +V, + Vi, D, S, G, S., Sg and R. The relationship
between the ratio of the peak area in different bands and the half-height width of the main peak with H/C atomic ratio were
studied. The comparison showed that with the increase of the H/C atomic ratio, the Ap/A¢ value generally shows a downward
trend. It was indicated that the number of aromatic rings of the unit core in the basic structure of the coal sample increased with
coalification and the degree of graphitization, which was consistent with the result of infrared spectroscopy. The comparison of
the above results could prove that infrared and Raman spectroscopy were reliable methods for structure research of coal. On the
basis of the above, a simple coal molecular model was constructed from them. which could provide a reference for the

construction of coal molecular for simulation calculation.
Keywords Coal; Structure analysis; FTIR; Raman; Molecular modeling
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