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Spectroscopy and Spectral Analysis
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KB B RIS 1 A I A 2R S5 5 A R O B O A 1 e L il 2 R A M SR SRR B M B R
AETE BUGE B e LRI T 3R A (R DG 35 B 8O 7, A7 78 DG 3 40 A 0 55 0 45 A 15 B AN X 45 1 I8, B 7 B g
KATERAE VA TE I S P B BT U T . s B RE A 52 o0 R AL AL . 5 BB 55 52 Wi ) 22 5 4K ™ A 1) o7 199 ) A, B
B B S 1 SRR S TR 45 4 9 B 5 8 20 AN BE G 2 S50 I Y o 7 A 0 TR R, B — 9 06 1 43 BT O W OR e A TET 43 BT
SRELE AR REAE L ELGT 52 ) A 235 ) 6 T AR IE AR Ak R 2 A D X 20 DL LS SRR 1 iy Ak R R AR A R A AR L i
Aab 3 BN AR TELTR KT AR T ARRAE A S . R R A M ZE B A M M IS b AT DAL R UL AT i AAT
S5H A A B DLLE A RER S, ik 07 L R4 BERGE S 8 (HRTEMD . H R #U1E B 8
(STM) ., Fii (MS) G ik B A, Pk @ B2 T UT S5 RRAE s 200 &0 T BES5 1 OGS RHAE . BB B
LA FH OGS 43 A7 07 1 W S B 22 P S5 1 TR 1 &85 A0 SRR A B R BT AR Ak A R A S B R R TR A, o B
AL, Efb . . Rbe . IR . WAk IRALSE AL S . ATl R AR AR P W AR AE . A Bl IR A AR 1 2
B TR R I A R B A R A A R B R RIS RS AR A s R A T AR IR (S B R &
S P4 KB S T S O A M RRAE (5 B RO AR AR T A, SCH 2 A BRI . R RHR
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SERY R E PERE S . 8 i RO B . Fuchs #8780 3t B 78 I AT 52
FEAl B AR A o BEE SR AT S ALY A R B0k £ i 7
DL TRREE BT SE . JUHR G # 1  Be  ARZ O 2
Mr o7 i B & RO T A S I AE M A N SR T B 0 XU &
frd . Raman St BREILIRIE . 208MGiE 5N,

1RSSR 0T 5T B 61 0 A 7 12

WIS W I EAE A R P R R H R, R
MG AR - R oy T 254 . S 9 S8 3R =T Tk 1
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Table 1 Spectral analysis method to obtain coal structure information
FEHM Rz B 5 B
IELLANETE 2 B (NIRS) KA A bR Tk AT AR R B
B 5r Hr WOt & i 7 (LIBS) o MK EHLOCER L KAy
K 2% I 8O 3% (THZz-TDS) WS R KA RS Ky

X SOt fL F g i (XPS)
X 5 4R W i 3T 0 45 44 3% (XANES)
2141 3% (IR)

i %% (Ranan)
AT WG (UV-Vis)

X G A7 1 (XRD)

BT 54

JE T 2SS U L AR TR

(EREAZIING T R i o N 194

55 4 R
BRSSO AR RN S HES L B T A

Wk 4R 1% (NMR) CHTFHA. HIERFoMm. SEE. HE&aEl
I A% 4z 7% (ESR) [EREIE 37 1N N O o
T T CR 4 /WO o 1
. X 52 B (EDS) U FRS
RIR BT X &5t ik (XRF) i (As) . BLND L 45 (Ph) | % (Cn &% LR
8 7 8 /R 56 3% (Mossbauer) L RN
1.1 ER&SH W28 55l AN P65 O i o (AR TR B O 21 A0 4 B R I A

TR BT 43 BT H B TR B 00 BT R B R L XA
T i R T 1 A TR S AR R Y TS R ST I 5
B HAENAC . SR I GTE 43 17 B AR AT LUK BERE BEAT TR T
P RS U 0 O 3 43 A O 9 A OB 404 6 (near
infrared spectrum instrument, NIRS). %% S i 7 o6 i
(laser-induced breakdown spectroscopy, LIBS) Fll K i 2% Bi) 45
3% ( Terahertz time-domain spectroscopy, THz-TDS) %
HAR,

(DI LA 53 B (NIRS)

NIRS S 1% % oA AL BT H A S50 A WU R AE . JE 2
X AU AR P B R G A7 B0 S Y v B R R AT
HERIPEBE A RE A A3 BT 25 R A6 R A A L BiAL B L R4
FE A TR T (Y SR A o AR HORLAR L B BE DR ] 1 i
AR NIRS MW, 15 R e 22 5 .

JE NIRS OG5 B E 452 Bl it 55 5 S X L E xR
% T Ak BT R R R AR AR AR, RS D I e B T 4
Fro UL AN R F T R A FE BT 200~300 s, I H 5 E bRk
LU GRS B 25 S AN 3, R R AR R PR, PR AT R
T Al A SR A M, AR D, BROARR . T 2L A EEK
RV G PSRN W= L B A Toe S R e 1 = B s ol S YR
WA 55 N AT (8 = BEAR DG, 28 Bnbm fE 22 B/ s A Bk A
M AE 77 A R O I R, T A A B R I HL AT BT Y A
B dE s A DUAE BE = A BT AR S U b LA B R 4 A R DU
BUECE . MR P LS /N,

BT, LA G F AR S TR i de )iz K

A 0 [ R bR o, R S T AR g . 29 T MG
For N 7% IR 1R S £ A SRS B AR B o 3 20 A0 S e
BRI K 5. BIOGE . FAN . X H A5 548 b K
T By L A3

()6 T & k% (LIBO H AR

LIBS i i3 % i 48 8 Bk b 306, SR MRS B TR m &
SR R B A A A R R R L R AE DK R S WA Y
TCERAN . BRI RERRY E TR s RN A
o KA AE Tl A A dR A . J0 0 S5 Hh A ik OT 25 4T
Z AP LSS B A B . LIBS AR AT BLAS BT A Rk 245 1 JE
B, TREMILT- BN, &8 T HEE . SR, BIRER
[ 25 s WP HERE A 2 SR B0 AR . LG B3R 4 n) S B OK
73 (A1 43 By LIBS 9 A 4 40 A 5536, FLIE A P Ak T4
v B3 A 7 o R AR A R W s . LIBS Z OB R A IR .
AR A5 B A I 23 AL AR b S TR B 5 ) 5 B0 O A
WA R ZS, FEMIATRIE, W6 E SRR R
.

HE by LA LIBS BRI, @ = aillE T
By Al Si, Mg, Ca, Fe, Fe, Na fil K THLITEK . LIaF]
LDS 7\ &) Fr W 04 Bz 45 28 LIBS JR 4375 A T 2 S8 5t Tl 1%
P IO 4y ) S S 25 RS B Ry IS AR o M AR
Fo, B gxiR2E N +0.5%, HHNREZ¥E FEX LIBS
AR WAL . RGBT RS br v L S 2R AT F 5T B AR AR T R
MAEE, WK ¥ 5 PR ERE S LR EE
T REN B WA, EEAP&EERA. B ER
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FERFRBEBR, Rk TORS I T RGRE TAEM R,
A 4 AR MR B O TE R T R B ke 4 R
TR R

SRR bR A LIBS 0 SR BT (R 9 ot K 4
Fragdnf Dl it W EZ T K% BAWE GB/T
212—2008 ZL3R , H 52 FR T3 [H 52 2% £ AN Iir 5 o« ik 14
RONE” MRS AT A Rt — 4R . BT HOBIE S E O
TR AR 4 B e R BIREL Rk, BRI REE B
S AR EE) AN —TMERER, ZRETLHEITE
IIHT . AN B A R R R R MR . F SRR
S N BRI R S 9 05 Sl AR R L ) T IR
WA T o 43 JEAETR LA B 40 R B IR A, S g R 1L B ik B
AP

(3) R 2% O 1 (THz- TDS) £ R

THz-TDS e AR 26 52 15 5 10 58 58 T4, RBUE 5
W LA . HORE LR SR TR AR AR TE R M A R R i
PP T 2 M A R R K A3 5 W i S A K AE
THz TDS i v H 500 14 FRAE 04

R %% 06 ¥ BE i A LR 4 7 P i OB i THz-
TDS W OGRS, A AR T & K5 B A 6L, A7 A
Kramers-Kronig 77 #L R @A /. /0 TitEE Mz E 5
B o AH THz-TDS oA K 0 05 BEFE 1 ] o SR 8w, M HEFE
oy A BURL 55 7 B AR RLAR B R AR AR E R R I &
B SRR A B 0 R 2% 6 A TR

HAT AR Z 2 H W IT & B . B K 6 22 063 BB 95 A 25 b )
W R £ B EHAEBE T M T S5 M TS B R R T
7, T2 G R AR e NIRS, LIBS 45563 R
LR PR T 28 BEOR AR R S R T R B e Al A R A R T
Ko B HAR RS HA G A I O ot 2 = T IEDN . KK
J R . THz-TDS St 3% B8 % A I A b il & & . K4, R 4.
K35 o3 BRI TR SO 22 53 R W 45 S B o kB A AR 2 1Y
Ik
1.2 BoFEMSTH

BT T B85 3 AT T BT ST R Y A A O IR S
YA K LLBE RS540 S A &9 . J6ib a tr E M o) 7 45 4
FEHFEAR. X FLATH (X-ray diffraction, XRD), X
B HL T fE 1% (X-ray photoelectron spectroscopy. XPS) .
2T AN WG 3% (infrared spectra analysis, 1S) . $i % (Raman)
o3 . A%k AR 3% (nuclear magnetic resonance spectroscopy s
NMR) . it f% 4L $% 3% (electron paramagnetic resonance,
EPR) . 5h-1] WG (UV-Vis) 5, LT 32 A 4% H
DI TRz

(DX ZAir i (XRD)

XRD J2 fic i T 0 98 BE 45 40 1 o635 40 0 Jr vk, REE A
BT [5) A% J50 R JBE DU 8 00 8 70 T 454 o 1 4R % 90 i e
SER A P AR, AT PR 0N R B S T R R R T O i B BT
PR WG AW O F R A HES] . RN B R
T3 A AR A5 R SR R o R SRR A A S B T A B
MZER PR HEMER Lo FERRFWER L.(Ly) ., B2
Z AV BE B doos B 05 1% AT S A1 05 7 v B M. R SRAE .

| A A XRD W58 00 7 S50 A 1T 50 48 19 L s
S AR A R G TS 43 BT T R Ll At 6 35 4 B T 1k B B
s PRI OGS B A B 09 SR B U 5 2 — — Rk,
BEAMGE R A B AR XRD HCRBE (5 MR AR, S BER
JERE B SR R AE T AR A S F I 0T E R S SR TR
2B, A B R AR A0 ST 00 A S A R AR B BRI K B
XRD S i W 538 B2 34 e 1 I 08 W o 49y o 5001 B % & 1 2% 5
K XRD j 2k Ca, Mg Ml Al BH M AREN R, B
T X A 5 (HTXRD) BE % B #0045 A [ W B2 T R L. Al
WF PG b CRR R AL 55D Th IR 254 AL ) B8 f AR

(DX B 7 fE 3% (XPS)

XPS REAF TR KM B FEE RN 2E S, 1
FIHERMETER (B H, He UMD ALFTE A, LIRS — ok
BN GRS SRR RE KR 2R R e . ERE % o 6 0 AT IR
PR AR T RS

XPS |] DL #2 Ao 5+ 8 40 2 (2~ 5 nm) B9 A HLE BE
A JF % H & A7 o, BAT, Bk, &, mAAE S
JEER WY A3 BT J5 BB A s TG A R S T R R AL
FEI /D o BEH X AN [R] T0 2R A4 4G 00 38 8 25 08 A [) A iy A 3L DA
HEBR HA TR AR D i B RE T 2 . 5 XPS 3R 15 1 45 14
TRV AR AL D6 3% a3 BT U5 1 R X5 R R A 2 A i
(X-ray absorption near edge structure, XANES), XANES {i
T ICR IR A TE S MBI

(D LLAMLIE S)

LLAMGIE HA BRI ik Hod A 4 i) 4b 31 4K 1 55
DB AL doe i RO SR S5 A BIF Y 5 1 2 ) B o A 5 21 81 3% 43 BT
(Fourier transform infrared spectrometer. FTIR), FTIR il
I D s AR T 9 G N HE AT A R 45 B, FTIR
&4k XRD J& B F BS540 B 5 09 06 3% 40 B 7 . REE AR AR
B Al SR XRD JE AR (5 B 2 B4 B 5T
W61 73 A T B

SETELLAM DX 43 F PR o, JHC R e 06 1 oz B 15
FE BT 43 F v 25 B BT 9 4R Bl 1 2R 405 5k P s o, JRE AL
St T i 2R YRR AIE A I AR 114 BB G R X R, A 68 R IO
hREERANGL, EEA K ERAE, SRR, I8
[EC oI s o NNl E DS e R RIS TR VAW B
TWATWELG SR, AT LUE R B O R W AR
BEL Ot fe ., AR, WIRBE AL E S

(1) FI %2 (Raman) Y%

Raman St 35 AR 48 17 2 WO R0 1S DG 1% 40 A5 0K 45+ 15
B X R A A e M U R R8O Rk 3 SR
BRI Z A S HORAAE . WA D IR G I 1 2 05 58 L AL B K%
P> IE 06 1) 588 BE FL A RES RAE R P AR S5 4 R 2R
SR E

H AT 7E RS B R BB T iz . e ik fE B AR AR R W]
WA — okl ., e ST T h 2k (b &, R,
SREE, TARLL . WEEED 5 HRE Y R S AR AR AN, g g R BT IR
BE L RAL PR AR R SO M OGRS, IF HLARECT S
B SRCG R RS RO R BB G 1 i AL RS BE T
UG R DR G2 N TR S A R AR E T G PP
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AN SENEE, FRRAYUE XS EECEN, UE
W PHSEEIF A — . RIERTF TS By . 4
WS BIR R (6, B GA 75 22 R B 38 A5 19 bR 400 5 A T
ZGH 2 BN .

(5) M 3L 9 3% (NMR)

NMR J& fJF 50 J50 A% of 55 000 688 S 10 W% i, 32 S 00 ) 7
VA 7 R A RE B 0 A RS SR AL A AR L R A
BRI FZ 0915 5 50 BE L. B RHE K R E £ H-NMR,
C-NMR, FE R (MAS) | [ &A% 1 28 XA 4k (CP) | 3 2]
¥ R4 (HPPD) | M4 Efil H AR (TOSS) | 1k A7 5%
(DD) [k — 4t 3% 2 ik o 77 5 AR — % SR B R .

SR G5 R BIE Y R R T 2 R AR L PR B R HE T
M Z 12 C-NMR F1 H-NMR. BB MA [ M B2 48 gL
e SR T oA R A A I IR A G B B
32 B IRESE R 0 53 2 DA I A B AR P R B 1 1 R 4
Pre WA R, BB A TR R 12 NMERS TS
B, R LUE A e IE IR, Hrh 05 B R R R 0 SRR
SrFAEMNEESL
1.3 BEHTERSH

WP RMERZ, TES AW EHTRAMEITER, 7
ML RmFh e, MAARE . & 5. A8 THW s aw.
WS P, Ag Ml Ar FE SR, il A SR, 7£H
SREAL S R T Kt A B A Y BRI R BB o,
W G AL WA S IR TR AT X Dol AR 7
O BESIRERA EEE XL

R A2 3 0 7 i A0 BB 3 Bt T &R I SE U vk LT
Y30 3 G A T T S B AR R ST R I . e
BT R EZOCRE 40T AR X B K OO (Xoray
fluorescence spectrometer, XRF) |, H &% E FIRE T+ 4
% Celectron-coupled plasma atomic emission spectrometry,
ICP-AES) ., J&E ¥ I W )% 3% (atomic absorption spectroscopy,
AAS) %,

(DX LSO (XREF)

XRF REMS MR AT LR Y X S, H¥E K aifg i &
O TT R 577 BORE bE 45 S5 1 T IS 40m 5 B
RICEM &/ B IEA K., XRF & H F @ = 40 01 5 i af
(As), B (Ba), £ (Co)\ i (Mn), 8 (N, # (Pb), ¥
(Zn) | B (Co% T ZML R,

AR LG H AR 4 U5 5 . XRE ACHS B AE 4, 00 A A%
Hodfe AL IR B, (HAG I TR A R 2R B D . S A b T R K
A A5 X 4R 41 4513 (XAFS) . XANES, XPS
W

(2) W IR & 55 3 TR R T &2 55 3% (ICP-AES)

ICP-AES 76 & Ui #8455 F IR BUR e 61T 3205
THRITCER WO SRR R, R E . RGR 2D,
TYAPEAR S LI O T BB T8 . — A% b o ift e T 20 A7 S
IR o Bk B AL K 5 FhoT . W ICP-AES 5 1 Ji A
A S5 T i 3% (inductively coupled plasma massspectrome-
try, ICP-MSYBCH X5 i o0 R b A7 2 o i . BoAy k)%
P, PR . REE R R RAL. 200 F R AR i o

R PR T T LA GE 236 40 ZROCE L HIX PR T LA
Wi XN RAE S R, A BRI S H R e,

3 R F RO (AAS)

AAS BRI BERE, R s R E k= A ANR R
TG . AAS BRI A R BB JOE R Tl
WO (FAAS I E S (Cw & (Zn) s £ 88 0 J5 7 IR I 6 3%
(GFAAS) ; A7k Ok i (HGAAS) I 2 il (As) . fiff
(Se) s IR TG HE (GVAAS) I 5E R (Ag) . AAS FI{L 7%
R < S R (i e LA (BN T 7 DAY T T
R S A 1 A B A A 2

25 b =R 43 M A 5 A BF T R AR R AT el e 4y, fH
(BSR4 BT O 9k AN T 1 B2 2 BT A 6 4, 6
4375340 XRD ASALA] LA S #4643 45 4 [R) ef o m] L AR 75 I
FRENGEE. REWRKAZ A G, RIG T LW, HH
FIEEPSHS

2 AR BT AR T4 R B I 1 30
B

PLBESE AT 5 v di 0 B0 D635 23 A7 O 125, il B AR e 21
SR (FTIR) . Raman 5638 50 7 o #% 8 34 18 (NMR) 47
giik . B TE RS B SE h i  R D A9 OGS Y 4
2.1 EEMETHRASAEE(FTIR)

20 fi22 40 4 4] 21 Hb 6 3% B A 8w 8L T 45 A i B
9%, T LU s B HO A 5 2% . 58 Y 2L A1 O AL 52 F)
R . 20 HE22 70 4EAR FTIR HOR ™A MR Kt 32 i 1AL & g
L, REEMENEE, I B E T E R K R T
T Xof 77 AR K IO 1 54 A BRA1 L FTIR B 68 58 PR 3 & 2503
WFFEE s IR T AR I 25 S HC T fin A 2o A v i 4% i A2
T3 T A1

Painter. Solomon. Bassilakis. Fredericks %23 £ 20 {lt:
LR AL FTIR 35 3047 T HE A i o5, 15 FT-
IR ()RR I Je 5 22 VE TE (09 5 RE P, (5O 33 00 ¢ 149 DG IC A7 72
BRI AL, 0 I X 55 B 0B 0 05 3 R AR Dy 4 DA B o Ak
ARSI A R S W R R 21 ke, & i At
Ibarra, Geng, Chen %K & % 5 2% Xf A [a] 48 i 72 B 41 FT-
IR SEATHRSE . H AT 245 3% 30 A R i B e 1,

T8 S G 1o B A5 4 (DRIFT) | %80 4 2 4 CATR) F1 i 74
(PAS) 7 i H TR A B 21 4P 61 . Sobkowiak, Glover %
FIJH DRIFT 58 1 BB 5 49 e FCAE P 2o 2 v it A2 4k
B SR B T 0 0 5 R RS B 40 B A AR AR, R S 1
e 5t B L B Ay R AR L ATR X B (1 1
FEORBAR, HME— SRR T 5 SO A D
36 T BB AR RS AR R RLX G BE B S . BB AR R BT
L SERRTEE AR ORIEDT . Wu S it %l FTIR 5%
WFoE T M B FE v i S5 A Ak . H Xt FTIR S ik 15
TRAEBUBHARG T AR SR, XS L5 S HORAE T H
05 B e MR A o at, BRI BESE . XSRS
etk Z i BA RAF R RYY . Song I A FTIR £
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TARBEE R A 25 2 AL I A it 2R A0 G vk A R DU A R AE
W B HF 5T R BUE AL 2% 55 R X S04 7™ 0 10 AR AT S R 43 A1
ARKET, Orrego-Ruiz %, FIH FTIR Y6 #F s 7 7Fh
WA SR, L T A SRS R A B O,
MR 2 T R85 i S ROF & iR A & &, 7 B tE AU B o ml LA
Wit S SR

LTANEIS P ECR 650~1 333 em ' KB IE ALK, M
sl 270 FE MR, B RIREFEREZ RIL
RS s =  R D 2 5 D e S R - ST I
X4 WEHH 1 333~4 000 cm ' X3 B AE F % 6040 26 X
I DX A8 P R A B e T S R S B RE A Y A TE . REA N E
B BE 2T A0 O 1% IR Wi S B DU AR . 700~900 em 1Y 35 AR
SRR RRAE W, 32 DX B A% AL B 1Y) ek 4 4R Bl 5 B R R IR S AR LR
Hy B % 1000~1 800 ecm 'L AL MERE T
HBERIRRAE 0, RO A5 D5 R i i R 3l DL BT iR 3
S, HREHIELZ AT LI H 10 Z2AFRIEIE 5 2 800~3 000 em™!
FAE NG N S5 R A 0, X C—H T P W BR R S X6 R i 45 B
A R EL R B, 3 000 ~3 600 cm ' FR KL 45 B RE AR 0%,
Painter S5 JF 5% & BS540 40 5 6 &8, RSk
T B I SR — 5 (R B A7 7R T [/ — b R Ol 3 21 S0 e i
SIUERLG AR, T DUE i B A R DT B R L B AR
JrHAl . AR B IRBE AL S S HL

H AT, FTIR 76045 8 F 58 0 19 0 85 s s DA 4
P S B FLHR O 19 FTIR BIF 5% 5 1) BF 5% 8 AF A [R) 3 7 v 4
AEAE AL, WA IR AL RS, AR T AR F E AR 1A
X BEAEASR) I H s s G H 2 R B 1 xR Ak Bl ) 2
14 5 g
2.2 H 2 (Raman) ¢t 45 47

20 el S0, R OGISTERI T R A, B, A
AT R AT A RRAE . B T R AE B SR ML
YR RIER D, Green % HE 20 22 80 AEARHE i, L)
WEAE U8 LR B . 20 2 70 4E AR, Tuinstra,
Frieddel S0 58 T 70 TE ik 9 10 2 G FRAE . Ak LAk & 9
CELFR I PR MO 45 4 T 55 FF RE T ) R i 5507

Tuinstra #1 Koenig LA f Friedel Fil Carlson % 3 T %% —
T YL 2O S R AE IR SC, Rk T 1 575~1 620 Al 1 355
~1 380 e ' IXIRAY P GEAT . B G Al AT D R, HXT
SR T JE A B R 35 A T T, W)
ME2EZMIEIF T — R I, Johnson, Thomas &5k %
TP 26 TF 2 O i R T AR R AR RIS S, AT K
B, B AL R A T (FE 240 em ' 500 C I L, =2~
240 em 'FE 1 900 CH L, =7 nm), AR ERIK D
T T8 BN Kister il Dou 13 8] 7 5 H P J& (1 45 1t
feth . ARFR G A D A SREE, DAL &, 58RI TE A
[l A% SR AEE S &M E R, IF B Ik % R4
T Quirico ZEHEAR T T B 2 MG 0 B2 6 B AR 1
JETAFAE R T, B2 21 29I, Ferrari il Robertson
W58 K IR 9 — B B0 2 6 1% B P A~ 5 T8 )7 A S A L0 58
TErES . G iy, &l T H02 0 A S0 CF w3
Eo JRBN LA K D BB, 43 BTk S LA A7 282 05 1 T8I Y 7 0 7 b

AV A IFIRBIR . B SR TGP PR 3G . BV RE % L
AR 8N D i BEAR A B SR . Nestler 2855 1 11
B, MR EN B (VoR% M 1.5 3] 60 A%, XWHIER
L B R S 5 A Tl T U RN U O B 2 O AT L Ok
FAEAL A A2, IF 2 5 5 AR M 56 K RPY . Marques
SR T Hm A REMAE, R G RS
(FWHMD A] LA 43 e 748 500 Fl A 88, B A g X 43 A 6] 45
P IR G A FWHM 5 RoV % 2 [u] H {H 1Y £ 46
%, M MR G AR AS g it .

BERE— BRI 2O0IE 0 G BAAE T O A 5 &R MEE RN
SrF, B AE sp BRE TN 09 T PR A 48 4R 3l T AR
B, B TE 1 500~1 630 em 'YEH . £E 1 355 cm '{HERY D
W 2 E BN 7 BRI IR R S A 27 AR o R IR T 2K sp® A
AL BB & AUE BB sp® BABEAZ T 1 000~1 500 em ' Z [H]
XA K I AT F s 28 D IERTEE, =& g s—1 %
1 56 1 R AIE 1 A

WECERKWPL S % (A8, FERE, SR, MMk, g
BED L5 R B RS SO R AR (B AN, o s A8 R . AR BEE B .
IR RFR, AR T h 2862805 8% k4
RIS FR . AAPLZ G W7 B L I AR T 5 LA B
R T HCHR RS ) TR R I, X T LA B i g Y B
H, kS MG LM SEE e, S6 0B SESEE
HAIE— o ARHE AV I S BN T . 45 RS B AN 1R 9
B, He®FELRAEEE MR EGHRE LG R
[oh e
2.3 ZEEEIRIE (NMR)

FIFH NMR i 05 o i 25 0 S 802 76 19 ttad 70 4R
F R (MAS) | [ A% 58 SR AL (CP) | SR % i+ B &
(HPPD) . i JE il £ AR (TOSS) . i # A1 5% (DD) %5 £ K 1)
TEA . sy NMR X 2 ks 0 #9755, C-NMR 7 45
F B g8 A A 20 32 Y

Michael, Solum % f] C-NMR £ R B 9% & B4 v 18 A [A]
WA FEMNIRAEE SIS JEAMC CP/MAS NMR
Fl DD $ AR X 43 5T+t SR BT 11k . 745 205 H i 4a i ik
L5 R S HUR 5 A D, Stacey 4RI CP, MAS Fil DD $
RIRBHEFERE 2R S5, B C-NMR X 5 E B A fE . o H
SBR[ TR 1 o B b AT L 20 AR A, KRR A
& NMR 3% 53 e )6 22 S 43 BT 5 oh S ) 28 280 0 gk B Wk 445 40 5
¥, fH#% Overhause RN 1Y A7 7E FEAR T Bk 25 14 2 U A% B
75 7 B W A L S Bn A AT . TR K S 5 4 1 BIF 9N e 22 W A%
Overhause &%,

NMR S & a0 1) 58 A0 2 v g 8 0 ek T A0 9 R
FE R[] 2 8 & ) 3 Aii . Francioso, Xiong 4§ F Hl 22 ik of Fl
B fa e A G L R H R (CRAMPS) 4 TP B R, 5
CP/MAS $i R 254 015 H 35 5kt . Suggate SR 078 T 4
TR 2 b 5 B A% B A% AR 3% 9 R T, Liu 45 6 H H-
NMR #1 C-NMR T 58 A [5] A2 5 A% B2 A 1) ik B 4 4 A 0 &1
FEFIEAE, KA B AEH Z 8 B 3¢ R . Zhao 4 1
NMR ZEAR I 25248 0 75 5 1 L B 43 A R Ak (PSD) . BF 98 45
AR W] NMR R T DL AL AR TR NG 5 5 BE 22 ] 1 4R v %



wel B LR M IR A E ST P Y R 355

Z LU AL AR 2 [ Y 06 & H B 3K A3 PSDT . Okushita
5 R NMR GEBEIE 7B RUE TR 45 0. BE TR & 2
B4 EE B0 0 e s U RE T BT L A g

24 i 22 PR IC IR T R B T e il HL R AR A R TR o
TEMER. UCNMR T 4 808 1 & 15 1% 5 M W e H1 &
HIOTR A, *C CP/MAS NMR J5 i o %€ S5 b 1 2 ik A
BT At i & . NMR J5 i 5& T T 20 4 2 4 i S5 1 %
R IO 14 T AR AT T A 114 A IR0 R I 59D BE 5 [ IR X NMIR
MRS, REGE ARSI EZ —.

3 R REH

ST 3 AT 5 5 T TS ME S 2k HE A T A58 A7 T 4 L
J7 Uk GG M J7 A B TR TG 45 PR AN L AT O A [ R
BEAAE T M B AL 2 R o 0 AR AL SR A RO A T B e
TIXEBELE A BOHAE AR PR ZS T R 47 T —E B SE . A
RRAFTEA L - © B HTWFFE I BEAT 1 fifk DR 5 45 F4) o Ak % 1k
FAE AL Y ) L 5 ) B 2 36 HE 45 40 O 3% 4R AL A5 8 L P A9 B 25 5
OARREIE B B BEI FITT R WA [FDE 3 £ S B s DFF
TE G T R AL 16 5 R S5 4 15 S8 AR %) S5 1 ) L RDTE R i R AP TR
R AE I TE L 55 E RE T B G . SO B RE T 2 T R 4L
I A o 22 IR 7 A I 7 T A IR B SR B SRR A TR
S5 BORIT T O 28 T DL R O T 77 2R B0 T, AR — ) Dl 3
XM 7 AN BE AT o0 T MEEE A R AL, B 5 IR R 45 4 D T AR AT
AR AL PR ZR B T b I R SR Y T AL SR REE AR IS
T T Ak R AR R A RO 0 M O % 4 I A B IR o M A AR R
L HCRCIT S Sl X5 2 AL TS A EE

References

ZENG Qiang, LI Gen-sheng, DONG Jing-xuan, et al(
A5 . 2017, 44(1) ¢ 106.

TS, A JE T 2 LA LA I AT ISR

(IG5 5 5 HoAth 77 86 19 BE T

TR 638 43 BT J5 2 %o I AS R DR FT 4R R 1 (5 B TR] . BR
— (BT 5 BT 5 vk R R 4 R R IR S AR AE . ELBE ok
B i R 2 AT PS5 M 0 e 5, L R T 0 R
M. g, oo RAAG W E RSB, X HEE e
O MRS 45 H L FLES R B g A b . 6 o i 5
b D5 v B P DA £ A R A A L QR 43 B 2R 05 A b B (HIR-
TEM) . H#i#H0E B8 (STM) . B (MS) )5 3 5 %618 4>
Mk KA, B 8 I A A M R B G R AL

(2) ZFh 5T BEE5 H BT 5 A BF 5T

IHE 2 AL B R IR 0 ) TR o R R . B B I R FH O T
D5 R I AL B S5 E TR 1 5 M R AR B b T A AL i o R T
S B B P R T R AR AT AL L A BV L R AR
W VAL RS AL B R G 2 Oy vk xR R A R e 2
A 0 25 A0 P R AE 326 AT 43 AT o A Bl 4 DU B A R P S 4
TR R BT, B T B 2 o R A kR e A AR O
MRS ANk 2 7= MESh b2 R

(3) ST HE G 43 BT RFAE 15 L %R

EEDN €/ 5 WA= SRS oz B s (X =0 =9 Y 4]
MACBE A 7 & 0 B8 UM G % R E S0 e, 55 R AE i
Ja s SR K G5 A AR G TR B S A M L
B BRI TR R B B R R G IS AR AE R B R 25 1
TER R S AE T B2 A8 1k, LA KI5 405 # Tt 0 1 75 38 104 3 A
W, AT (R =507k 52 B & JO6 s R 1 b
FRAHT . B SR B AU 5 B AZ R B T BOHE A AL R
P

MR, A, EACE, ). Mining Safety & Environmental Protection(#" ) %

Wang Yingchun, Xue Yongbing, Wang Xiaoxiao. Energy Sources., Part A: Recovery, Utilization, and Environmental Effects, 2017, 39

[2]

(16) . 1.
[ 3] LiKejiang, Khanna Rita, Zhang Jianliang, et al. Energy &. Fuels, 2015, 29, 7178.
[4] WANG Xin, ZHAO Duan, HU Ke-xiang, et al(F¥ W, #& ¥,

1146.

B 7EAH . 48). Journal of China Coal Society (S 274k, 2018, 43(4);

YANG Yan-cheng, TAO Xiu-xiang, XU Ning, et al(Z . FFHRE. I T, %). Coal Technology(JEAFEA), 2015, 34(9): 308.
CHEN Li-shi,» WANG Lan-lan, PAN Tie-ying, et al(BEui . X<, B8, %), Journal of Fuel Chemistry and Technology (¥} 1k

YANG Liu, DONG Xue-ying, MENG Dong-yang(# #l, #2%5 %, &4 F1). China Mining Magazine(H [H 7)) , 2014, 23(14) . 293.

bl
6
seezdy | 2017, 45100 1153,

[7]
[ 8] Painter P C, Snyder R W, Starsinic M, et al. Applied Spectroscopy, 1981, 35. 475.
[ 9] Solomon P R, Garangelo R M. Fuel, 1982, 61 663.
[10] Bassilakis R, Carangelo R M, Wojtowicz M A. Fuel, 2001, 80(12); 1765.
[11] Fredericks P M. Coal Science and Technology, 1987, 41(2); 327.
[12] 1Ibarra ] V, Munoz E, Moliner R. Organic Geochemistry, 1996, 24(6); 725.
[13] Geng W, Nakajima T, Takanashi H, et al. Fuel, 2009, 88(1): 139.
[14] Chen Yanyan, Mastalerz M, Schimmelmann A. International Journal of Coal Geology, 2012, 104 22.
[15] Sobkowiak M, Painter P A. Energy and Fuels, 1995, 9. 359.
[16] Glover G, Walt T J, Glasser D, et al. Fuel, 1995, 74. 1216.
[17] Thomasson J, Coin C, Kahraman H, et al. Fuel, 2000, 79 685.

(18]

Wu D, Liu G, Sun R, et al. Energy Fuels, 2013, 27(58): 23.



356 ik 56 4 042 %

[19] Song H, Liu G, Zhang J, et al. Fuel Process Technol. , 2017, 156 454.

[20] Orrego-Ruiz J A, Cabanzo R, Mejia-Ospino E. International Journal of Coal Geology, 2011, 85(3-4): 307.

[21] Behera D, Nandi B K, Bhattacharya S. International Journal of Coal Preparation and Utilization, 2020, (2015): 1.
[22] Zhu Hongqing, Zhao Hongru, Wei Hongyi, et al. Combustion and Flame, 2020, 216 354.

[23] Jing Zhenhua, Rodrigues S, Strounina E, et al. International Journal of Coal Geology, 2018, 201 1.

[24] Green P D, Johnson C A, Thomas K M. Fuel, 1983, 62; 1013.

[25] Tuinstra F, Koenig J L, Chem J. Phys., 1970, 53 1129.

[26] Friedel R A, Carlson G L. Fuel, 1971, 51: 194.

[27] Johnson C A, Patrick ] W, Thomas K M. Fuel, 1986, 65: 1284.

[28] Johnson C A, Thomas K M. Fuel, 1987, 66 17.

[29] Kister J, Dou H. Fuel Process Technology, 1986, 12: 19.

[30] Quirico E, Rouzaud J N, Bonal L, et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy. 2005, 61(10); 2368.
[31] Ferrari A C, Robertson J. Physical Review B, 2000, 61(20): 14095.

[32] Nestler K, Dietrich D, Witke K, et al. Journal of Molecular Structure, 2003, 661-662; 357.

[33] Marques M, Suarez-Ruiz I, Flores D, et al. International Journal of Coal Geology, 2009, 77 377.

[34] Hinrichs R, Brown M T, Vasconcellos M A Z, et al. International Journal of Coal Geology, 2014, 136 52.

[35] Potgieter-Vermaak S, Maledi N, Wagner N, et al. Journal of Raman spectroscopy, 2009, 42(2): 123.

[36] Xiang Jun, Liu Jiawei, Xu Jun, et al. Proceedings of the Combustion Institute, 2019, 37: 3053.

[37] Machovic V, Havelcova M, Sykorovd I, et al. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2020, 246 1.
[38] Hu Jianzhi. Solum M S, Taylor C M V, et al. Energy & Fuels, 2001, 15(1); 14.

[39] Michael A W, Ronald J P. Trends in Analytical Chemistry, 1984, 3(6). 144.

[40] Solum M S, Sarofim A F, Pugmire R J, et al. Energy & Fuels, 2001, 15(4); 961.

[41] Stacey M A, Kanmi M, Gordon J K, et al. Energy & Fuels, 2012, 26(7): 4405.

[42] Zhang R C, Mroue K H, Ramamoorthy A. Journal of Magnetic Resonance, 2016, 266 59.

[43] Francioso O, Ciavatta C, Montecchio D, et al. Bioresource Technology, 2003, 88(3) . 189.

[44] Xiong Jincheng, Maciel G E. Energy & Fuels, 2002, 16(3): 791.

[45] Suggate R P, Dickinson W W. International Journal of Coal Geology, 2004, 57(1): 1.

[46] Liu Jiaxun, Luo Lei, Ma Junfang, et al. Energy &. Fuels, 2016, 30(8): 6321.

[47] Zhao Yixin, Sun Yingfeng, Liu Shimin, et al. Fuel, 2017, 190: 359.

[48] Okushita K, Hata Y, Sugimoto Y., et al. Energy &. Fuels, 2019, 33(10): 1.

Development and Progress of Spectral Analysis in Coal Structure Research
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Abstract Coal structure is the microscopic foundation of various coal-related research, and spectral analysis is widely used as an
important method of coal structure research. Its progress in coal structure research is significant to the popularization,
application and development of spectral analysis methods. The study of coal structure using spectroscopic analysis methods has
become a routine method used in the coal chemical industry. Spectral analysis methods can quickly and non-destructively detect
the molecular structure of coal and provide effective detection methods for changes in coal physical and chemical properties under
different environmental conditions. This article introduces spectroscopic analysis methods from three aspects of coal quality,
macromolecular structure, and elements in coal. It mainly reviews FTIR, Raman spectroscopy, and NMR. Its development
history in the study of coal structure, the key research results obtained from its application and its significance. Synthesizing the
various spectroscopic analysis methods and application status in coal structure research at home and abroad, it is found that the
current research has not completely solved the problem of coal structure characteristics and property changes, lacks a summary of
the common characteristics of coal structure spectral characteristics, and failed to form functional groups in coal. Unlike the
database of different spectral information of elements. there is a problem that the characteristic spectral peaks and coal structure

information are not equal. That is, there are characteristic peaks at a certain wavelength but cannot match the functional groups
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in coal, or the functional groups of coal are caused by element composition, bond energy, etc. to multiple wavelengths. Respond
to the question. At this stage, the research on the structure of raw coal in its natural state is no longer sufficient to meet the
problems caused by coal application. A single spectrum analysis method cannot fully analyze the coal structure characteristics,
and there are few studies on the factors affecting the change of the coal structure spectrum characteristics, especially coal
samples. In the future, the study of spectroscopic analysis in coal structure can start from the following aspects: the combination
of spectroscopy and other methods to comprehensively describe the structure of coal, such as chemical methods, HRTEM,
STM. MS and other methods are combined to analyze coal structure characteristics qualitatively and quantitatively; coal structure
and spectral characteristics under various conditions. At this stage, spectral analysis methods should be used to study coal’s
structural characteristics and property changes under various conditions. Solve the problems of coal in practical application. Such
as oxidation, hydrogenation, pyrolysis. combustion, low temperature, liquefaction, vaporization and other treatments of coal,
the analysis of process changes and product characteristics. It helps to speculate on the structure of the maternal coal,
understand the nature of the coal, control the produt of coal physical chemical process, and obtain fine chemicals of coal. In
addition establish a coal spectroscopy analysis feature information database, and a visual data query platforms in the background
of network big data. Implementing multi-condition simulation assumptions, demonstration and exploring coal structure dynamic
changes under different conditions. By uses artificial intelligence and cloud computation to realize the processing and analysis of

various spectral data of coal. Enhance the mining of spectral data information to improve the validity and applicability.

Keywords Spectral analysis; Coal structure; Coal quality analysis; Element analysis
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