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Spectroscopy and Spectral Analysis
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SRR SR B W PSS LA Rt sSBETIE T TARE . P AR R
SR ST, KRR & 80~100 H, B F 105 C Tk
FAN T, B 12 h #THE, AEMMBREEMENT
0.01% » HLH T F T3 2% N A5 $2 F0 R 10 T4 1 50 56
1.2 B wmaE

PR AL T B, A5 B B i SRR (HCD W LA 1 g = 10
mL Y L BEATBC . BRI 100 g BERE R A 2 000 mL BEAF
i, FEIMAHEE 5 mol « L' 1) HCL % 1 000 mL, =R T
Bikk 24 h jG#E 1 h, L REWMAE, X T REHEEMNLE T
KEEVEE, HEERWE pHMEZE T, MEHES TH# 12 h(K
25 60 CHAF 3 LR IR R 1 I AR o MR AH W) 77 1. 7E 100 ¢
R R TR BRI A R 434 40 %6 HE 1 000 mL, 474
PELOVEVR . MUR. TR A, 153 L RERR 0 LIk
TR
1.3 HiRER

PREUCESE I A TR AL e 25 4 4L, Tl 25 g, BT
500 mL BEFR R, e BB i () /BRIl (mL) =1 ¢ 10
F LG B0 A 4 i A ) v 3 e BB 43 33 o 2526, 50%6, 75 %6 il
100 %) i) THF ¥ 250 mL, #ER By 25 C 44 T F 17 #
JIBEFEAR S I . A SR HEAT 120 h, 4R 9006 45 5
AR W AT G R WSS TR EEE, AR ER,

R AR R (DR

100 X m,
(100 — A,y — M,y) X m/100
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5w B TENSOR27 B8 B A8 46 21 40 S i AL 77 . I
BT BERE R T 80 "CH A THRAE THRALEL 24 h, MJE¥H T
SRIEAE R KBr 284K L 1+ 150 (0 Lo 3R 4 BF BE . s i 3 0. 1
~1.0 mm B3R, WIS 4 000~400 em ™', 43 FER Ny
4em ', HEERECH 32 W, AR E R E A6, XA
KBr 32 IR E#15 5t Ab 3

(2)GC-MS 58

GC-MS b7 4 76 22 [/ HP GC7890/MS5 975 i <, 4 {4,
T/ R A AT, XA EE SR B N DB-SMS
30 mX0.25 mmX0.25 pm, HINFHARA R, WHEH 1.0
mL « min~ ', AR WA TR ERE R 250 °C. IR R E
60 C, FHEMAE N 5 C » min~', FHEZE 250 CHH{EFE 10
min, FEHEEA 1 pL. BREBT & F H#E F R 35~550 u, SR
B SIMD, B EL BFReE 70 eV, BFUHIEE
230 °C,
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SR FE AR T % D R kT Ak R ) AR 4 i LA RC AN
DC i s X6 R 4L Tk #:47 T 20 A 3K, 03K 2%
WFEL TLUEH., EHSBRATEHE)S. Koy 5 R8s
WAL, KA HER S AR X B B, T i A i B K S
R, N 15.23% K% 0.43% ; SEEA M. CH H KHHE
XA BN, O R N A& B K.
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W S AEESAAE T DL NEER SRS FHEBLS G, B
LBAB ML A& m 7, Br s B e e 4 1
AR R BN KA. BEELRATAI)E, BPK
4 3 Lh BB 4 To AL AR B W B0 B, st T A b L BB Y %
W, WK T RO TFMEEMHEI . WA BEE R, %
R A B 1 il 52 RS I I o T A
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Table 1 Ultimate and proximate analyses of coal samples
Proximate analysis/( %, daf) Ultimateanalysis/ %
Sample
C H o N S M.q Aq V dat FCuar
RC 81.10 4. 79 12. 37 1.32 0.42 0. 82 15. 23 17. 81 82.19
DC 79.05 4. 46 14.71 1. 34 0. 44 0. 85 0.43 19. 40 80. 60

% ; by difference
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XF & B, THF B4y 504 25%, 50%, 75% 1 100 %
HEE T . W fb Kl 42 % b TR A B O T 275 %, 120%,
A5 %0 11 % , 2 W B2 Ak T A B T 348 R 5 00 %ot O 1) i 2 %6, {2
PEE DR 5 F A A W RV d, H 7 700 vk B A R e sk SR
K.

x2 BUSEBEARRE THF HiREERHHMRER
Table 2 Extraction rate of coking coal with different

concentrations of THF before and after deashing

[ 25% 50% 5% 100%
RC 0.12 0.25 0.42 0. 61
DC 0.45 0.55 0.61 0. 68

2.3 BHHEEHE FTIR R

JEREAE D 2 2205 19 FTIR Seig an & 1 Fi R . & A HERE
4R AU O o ol R A R B o 130 D TR T Ak B %o A Y 3% T 4
F R fig T A 3 A 3 IR . B TR B i B H A R o)
M5 2k s e — o B E AR A BT R 20 BOTE 1% 18] B AN RE B R AN
P, GRS B F OMNIC {4 % 40 A 52 56 18T 3% 3 A7
Gaussian M IEIA A, WE 2 iR, 40 i 2 60 % g,
REY & R T BRI AR S B W 3. &A% uil . AR
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700~900 em ' FlH & T 55 & k& CH i b 28 JE 4k 3l )
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ZRYR B 7 A W U U B R A R DF R B M R IR . 05 R
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Fig. 1

FTIR spectra of coal samples
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Fig. 2 FTIR curve-fitting results of RC and DC
®3 ERHETEEREAENEE
Table 3 Relative content of each functional group in each coal sample
CH c=C CH; CH., CH; CH, CH; —0—
B dh 700~900 1 545~1 645 1420~1 350 2 850~2 800 2 943~2 850 2 990~2 943 3 600~3 200
em ! cm ! cm ! cm ! cm ! cem ! cm !
RC 2.92 6. 85 3.95 5.93 5. 03 1.71 18. 46
R-1 5. 36 4. 28 4. 26 4. 30 3.56 1. 19 10. 46
R-2 3. 37 2.75 2.78 2.08 2.42 0. 25 11.16
R-3 3. 77 3.08 2.57 2. 10 2. 81 0.42 9.76
R-4 11.53 7.13 8. 19 8.03 7.13 2.75 12.09
DC 8. 14 9.61 5.25 2. 80 4.28 0.92 33.15
D-1 7.95 9.54 7. 44 2.91 4. 32 1.13 26.19
D-2 7.90 10. 39 6.01 3.28 4. 38 1.13 25. 86
D-3 6. 48 9.76 5.68 2.83 4.91 1. 24 32.95
D-4 14.57 11.96 8. 85 4.53 5.17 1. 80 17. 45
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ok, RIS ARESE L (HN 1.86, b EE /N
T 0.61. BEFE THE ¥k B (934 5 e 38 K5 W/, a1
HEB/NEH K, —H 2T EMR B 446 GC/MS
ST BRACKEHIAR W b iR TR Y B A THF ¥ B 19
FreEe R HE N, Ry ER REN =, ZRRE,
H LI fb )G & SRR S8 L (W8 KT BE & i e Ak it A2
A 0 B A T AR RN . B R A R OCRE S i, W]
U0, P Al T A 30 X I 1) 55 e 5 M A — o R B Y R
2.3.2 HSRAERA

PP S AT AR A R R AE . R BRI AR A
XU, LLAMCR Sl FGE B R 1 000~1 800 em ', ANIA
2 7R #E 1000 em ' BRI U9 @ 05 P TE DL 0 5 Y W oA 0
R ISR PRI R, S6K 1L, RUETLHR)E.
TR A I AL R Gk 97 2%, UL BT 4 K £ B W T
BRo #E 1 721 cm " fEIE A T F2 5 R S 6 i Bk fif 45 91 2l 0 7
FR AR B R AEAE, UERTRRAL S b B B T BRI, R AT
FIB A 2 1k T A FEEKE IR 6 v (A B 4 B B T AR E
FATE L TR I . MACHIALHL)S , 1 350~1 420 cm™ ' IHJ&
F CH; — W 4a R sl Xt &k 3. 952044 % 5. 25% .
T 330 ULAN, BfE B AR TR R R A b e
fiE VA A AR X 45 2 R 2 e 1 R DB /IN A R A R RE R R R
Jab B SR T S e ) g 0 A L R ARG T L IO A g AR RS
Frit, DN A U RE A A T BAE . PR 3 3 A I 4 A IR Ik
PR BN PEN 3 200~3 700 em ', WIFHRIEA AR HA
B ORISR, AS R EHE. B A A R
SUE S PR SE S, Ay g I ] DLW . 7E 3 100
~3 700 cm™ AN DX N L R Ak R A 0 3 AR DA e
ot B R Ak A B I R (Y R S S B 5 M R R, AR 4
ATLAE H, PRAGHE & S8 L LT RIFEHEN 3 £5, B4
AFWE THF 45 R/ . 4548 3. B 4 w5, Rk
WSEM L N2 R R R R F &R bg R, FE
AR Y 2= BT 4k & W M R A R B, R 82.95% ~
96.55% , Bl THFE ¥ i 1y 3 o 52 56 0 /N5 38 in i FR1E . iR Ak
BRI T AW R B 4. 920 ~9. 329, 2 N
PR E X SR T2 —, B THF RE M 2
SEXE NS W I RRAE
2.3.3 JEMm4H

2 800~3 000 em™ ' J7 & T B9 B W7 245 44 B R iR B,
SRR AL R 7E 2 X B A7 7R B 0 TS g, A AL
2 8551 2 920 cm™ ' BT 0 I8 F X AR A CH, AR FR iy CH,
4R 2l 7™ A WO . R AR LR DL XA £ A
2950 A1 2 870 em " BT 43 5 U JE T AN X R CH, o 45 9% 3l A
AR CHy M 4adikgh ™= A= iy me e . 2 892~2 990 em ' [iff
TS T CH, 1 CHy A FR A 47 35 3 7= 26 i mg o™ o A
& 3 v U 45 R R R B T DR R R Ak A T DA K A
1 CH, FIRXS AR CH, &8 4R 30 oA 32, Hop S8 04 s Iy &
WA . AR CH, BT 9 e Bl 48 CH, #2240 K, 6 W 4%
PR S T 3 DL KB 0908 2 AE MU R S R N AR
A BEREZBRAL AL B . CH, A1 CH, R AT & REme AT F#A%
H G H] DU L TR b T A BT A 1 B T 45 M A — 5
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Table 4 Characteristic parameters of infrared

spectrum of coking coal

=3n I, I, I Iy

RC 2.47 0. 20 4. 37 2.94
R-1 2.71 0.51 4.63 2.99
R-2 2.27 0.58 6. 20 9.68
R-3 2.28 0.58 5. 67 6. 69
R-4 3. 24 0.56 4.72 2.59
DC 1. 86 0.99 11. 82 0.22
D-1 1. 81 0.97 9.01 0. 27
D-2 1. 88 0. 90 7.90 /

D-3 1.82 0. 88 6.55 0.29
D-4 1.54 1.13 4. 87 0.35

Hie 4 AT, AR ALK 5T H AL AR JE 2 0 I (B 20 2 SRR
2 f% . BRIIESH 280 L fE o0 0. 22, U EBE L E Y 826
i I R 1 T 2L A FP 9 D7 B I B2 A P e L, SCREBORE A
P . BRAGKE S HoAih AR W iy 1y I AR T . DL RR A
PERIRER TR B IR W 254 (e AR T 3R A A5 T e ik i
SOy, BN TR SR R, TS B IR T R B, S
FERZ ML . S 80 JEUBER T, (D04 0 0 B2 J% 5 o 56. 504
R A A T (B0 I i 2 e e 290 2300, F LT T . R AL AL
PAE— & FE B LR T THF % 50 4 358 2 5 35 0% 1 3% 7
fEJs .
2.4 fHiRYIH) GC-MS f##f

i GC/MS X 25 18 70 A7 2 M 2 5 B 4540 & W 35 1
55 NISTOS i vfi i 141 J2 AT T30 LA 28 XF 1R, R 4l 22 38
AL B E L S WA . L GC/MS 3 &1 g Tar B 55 4%
AP S i i . MR AR AN 5. K
6. RPN TG W R T HAR XS & 5 LR 3, [ 4. b
W 2% T W AR R AR X B ILE 5 18] 6.

RS RCHEMPEELSY

Table 5 Main compounds in coal extract of RC

AR/ %
la=g7] 25%  50% 75% 100%
THF  THF THF THF
1B =% 3.81 3. 84 / /
R OB A kb 3,45 3.58 / 3. 87
4-Z 3 4. 46 1.24 / /
1.3- A Mk 2.70 / 7.79
B b 10.41  16.71 7.56 16.08
2, 4-ZRUT FEOR 4.71 4.35 1.71 /
3 HE s 0.32 1.78 0. 69 1.12
bk / / / 5.35
= AL R T / 7.86 / 4.70
RN / / 0.79 1.28
9-FHe ALk 1.92 1.28 0. 09 2.57
vy / 11.86  49.99 6. 80
1-3R N 3 2 B2 13. 82 / / /
3-F 3 i 4 M e 0. 64 / 0.12 0.19
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Table 6 Main compounds in the extract of DC

HXF &/ %
e 25% 50% 75% 100%
THF THF THF THF
2-H 3 L d 24. 25 7.06 / /
PRLIE S AN 10. 19 8.85 0. 09 0. 09
2-HU R bt 3. 00 / / /
3-FEE ke 1.83 3.41 1.43 /
2-HI R+ 75 b 9.66 3. 62 2. 74 /
3-FEE+ Tk 5.11 / / /
B e T / / 6.79 /
3-HUHE b 1.32 6. 69 / /
ke 0.72 1.46 / /
iy o 73 / 3.22 26. 40 6. 74
+ JukE 3.12 26. 80 3. 11 0. 90
S5 / / 2. 69 0.76
RPaYS 6.13 / / /
ol Ry < / 0. 62 42. 87 68. 89

W ik B e B O ay
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B3 RCHEWRSFUAYABEREEANEE
Fig. 3 Types and relative contents of low

molecular compounds in RC extract
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Fig. 4 Types and relative contents of low

molecular compounds in DC extract
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Fig. 5 Composition and relative content of

heteroatom compounds in RC extract
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Fig. 6 Composition and relative content of

heteroatom compounds in DC extract
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B 9.97%, 32.1%, 81.86%, 77.29% . AHXF & 5 1 i i
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B da o T LA R 4 791 AL 3 AT R (i A R B 4 o U S 1 4 A 4
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2.5 BUFMLEMNERERSFULEYBIHNIEWAILH
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B FA, N FAEERD, 28T ERSF e WIFEE
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K 97. 206 MErh A R 2500 I R 4y LB B B . LA
BiEm PR B GE, RO, MR R ERE, H
T2 AL T Ab J X v B THE p 3R &/, vk i THF
T 2 AR AR B M hl 42 1 AR B T ) T v B A 4 BR AL T
A0 3R ATV B 2R 43 (0 A BE AR AR R A5 . T LA B 2 T R Mk
P3G, JRHE R TR AL R AR 2 R R IR . &R
KB RELTATERS THEYR EEHN. LB, B
Kl EE. NEVIZEMART TGP W LLIE R Sk . 54 A 18 A
Witk R+, FREALGWM L 1~3 M5 &4 A
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Effect of Acidification Pretreatment on the Composition and Structure of
Soluble Organic Matter in Coking Coal

WANG Fang-fang' ., ZHANG Xiao-dong'*" , PING Xiao-duo' , ZHANG Shuo', LIU Xiao'"*?
1. School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China
2. Department of Geology and Surveying and Mapping Engineering, Shanxi University of Energy, Jinzhong 030600, China

Abstract In order to explore the influence of acidification pretreatment on the extractable composition and macromolecular
structure of coal, Gujiao coking coal in Shanxi Province was acidified and demineralized by HCl and HF, and different
concentrations of tetrahydrofuran (THF) were selected for solvent extraction experiments of raw coal (RC) and acidified coal
(DC). The extraction of raw coal and acidified coal were compared and analyzed using modern technical means such as GC-MS
and FTIR. The results show that with the increase of solvent concentration, the extraction rate of raw coal and acidified coal
tends to increase. After acidification, the minerals in coal decrease significantly, the solvent permeability increases, and the
extraction rate increases. However, acidification pretreatment has no noticeable effect on the extraction rate of high-
concentration THF because high-concentration THF solvent can extract dissoluble components from coking coal to a large
extent, and acidification pretreatment has a relatively weak promotion effect on dissoluble components. Therefore, with the
increase of solvent concentration, raw coal and acidified coal have no apparent effect. After acidification pretreatment, the value
of the hydrogen-rich degree parameter (I,) of coal samples decreased significantly, which was 0. 61 less than raw coal. With the
increase of THF concentration, the I, value of raw coal decreased first and then increased, while the I, value of acidified coal
increased first and then decreased, showing opposite trends. The aromatization degree parameter (I,) and oxygen enrichment
degree parameter (I;) increase obviously, in which I, value is twice that of raw coal, I; value is 11. 82, almost three times that
of raw coal, and after THF extracts raw coal with different concentrations, the oxygen index I; value increases first and then
decreases, while acidified coal decreases. The fat structure parameter (I,) is obviously reduced, which is only 8% of the raw
coal, and the I, value of its raffinate is far lower than that of the raw coal raffinate. The relative content of heteroatom
compounds in acidified coal extract is significantly reduced by 83.14% ~ 89.64%, and the relative content of aliphatic
hydrocarbons is significantly increased, which is 5~ 26 times of that in raw coal extract, mainly including straight-chain
hydrocarbons such as eicosane, docosane and triacontane, among which Cj;—Cs; accounts for 79. 17 % of the total components of
the extract. Aromatic substances are not found in extracts and only in 100% THF extracts in raw coal, with little change in
relative content. It is considered that acidification pretreatment greatly influences the fat structure and oxygen-containing

compounds in coal but has a relatively small influence on the aromatic structure.
Keywords Pickling treatment; Coal structure; FTIR; GC-MS
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