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Table 1 Extraction rate of all solvents
Samples Extraction rate/ %
A-Ace 32.32
A-Moe 35.77
A-Ea 36. 96
A-Dmso 45. 87
A-Tol 50. 33
A-Dcm 62.51
A-Cds 69. 43
A-Thf 79.79
Nicolet iS 10 BOEFE A EHAT, S HEA 4 em 'y SR

J Y 4 000~400 em™ ', BRGSO 32 R, N T E M
FE A0 0 R B RE B R B REATARS AN S5 A (5 B A
Peak Fit v4. 12 44 5% ZE U RE §h 2050 56 3% 45 1 58 B Y
4 W WA R AT T 43 e 0L A AL B

2 AR5

2.1 45MkiESR
2.1.1 FTIR sbig¥)a &

WE 1 iRy AGMP ZE U % K 5 i FTIR 358, R [H
FE B RE I 21 510 61 A AR b)) TSR WA U R TR 0 . AR
P SCHRC7-8 145 B U5 40 s 45 B bl 200 A0 63 i e e i )3 I . e
YR LEF T, FTIR 3% o 880 5 = & /O B AE 2 18 I
% (CH,;, CH,, CH), 5 & 5 & C=C fl C—H), &%&
TP CGRR3E | L . SRBLAEE A5 BRI, A DA A
RIE AL, X 46 H AR A #0 5 H % 4 CH, , CO,, CO H
FEXRFNY . THERY T ERIMEHGELE, AMUE
B F A4 52 R AL BRI AN+ PR Ak AR SR 2% 1, 38 T T A T
P FAKL B W S A L 3 A S S 0 T A e A B AR

A0 coss====
P = y !
A-Dcm 1 | ! !
1
. b ! !
= A-Thf 1 ! ! !
8 A-Dmso |
§ | ! [
3 A-Cds
‘6 | ! [l
172
o A-Tol | ! [
<
1

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wave numbers/cm’!

1 8 FHEmMAIMEE
Fig. 1 FTIR spectra of 8 samples

2.1.2 FTIR %# 2 & 54

AR SCHRL10-11J4GE . QiR 1 WiaR . i 28 B0 B i i
FTIR i & 7] 43 DO BB . (DA K424 3 100~3 000 F
3000~2 800 cm ' BIHRA> . 43 Wk R =C—H il 45 4% 2 &



%3

WIS O A5 < vl 90 T R P AR IO I B AR R 20 1 A R ) ORI 1 FTIR S 891

e B e C—H g g 3h s (2) B X8 1 800~1 000

em” R EEERER . C=C DL RARM B IR X 5 (3)C X Ik

900~700 em™ "R FHF I X, TR MM E L0, R

[ B il AT 1 R g 0 2 A B i B R . TG 1% 3 o R WA 0 R JEE A 3

HERR Y B RE A 454915 B, o R PeakFit v4. 12 844, LU 57 o6
0201 ()

0.15

Original and fitted spectra

0.10

Absorbance/a.u.

0.05 1

0.00 1

T T T T T
650 700 750 800 850 900
Wave numbers/cm’!

0.0154 (¢)

Original and fitted spectra

0.0124

=) =
(=3 (=3
S S
(=)} =
1 1

Absorbance/a.u.

0.003 1

0.000

T T T
2 800 2 850 2900 2950
Wave numbers/cm’!

BOHEXIRE i ) FTIR 35 184 3 BEsE 47 20 Ve fL & A B, LASRAS
R 51 R IR 200 205 4 ) 0 g e £ R e T AR . ] 2 Ca—
&) JIE 7R g AN B 28 ) A-Ace Sy 4 75 P9 A 38 B 11 73 g 4L 7
i T A LS RY BT 0,998,

0.08{ ®

Original and fitted spectra

0.06

0.04

Absorbance/a.u.

0.02 4

0.00

T T T T
1 000 1200 1400 1 600 1 800
Wave numbers/cm’!

0.0304 (g

Original and

0.025 fitted spectra

u

5 0.020

(=

S

—_

w
L

0.0104

Absorbance/a

0.005

0.000

T T T T T T
3000 3020 3040 3060 3080 3100
Wave numbers/cm’!

2 FTIR Mg FH D IEME B (L A-Ace A i)

(a): 700~900 ecm ™ '; (b):

1 000~1 800 em '; (¢): 2 800~3 000 cm™ !5 (d): 3 000~3 100 cm ™!

Fig. 2 Curve-fitted spectra of peak separation in the four regions of FTIR spectrum (taking A-Ace for example)
(a): 700~900 em™'; (b): 1 000~1 800 em™'; (¢): 2 800~3 000 ecm™'; (d): 3 000~3 100 cm™!

WE 2 iR, WEIZERY A-Ace #£ 700~900 cm ' %
AR X Ay 7 AN 33— X388 Wi i 2 2 2 ey Y B 1 b
C—H B4R sh 51 &, WO~ AL i Bt e C—H &5 il R
S U W f AL % TR E . R 2(b) iR . 2% AF TN B 2K I
A-AcefE 1 000~1 800 ecm ' FATRER . C=C FgIHiBZ %
WX 43 R LA/, FEBJEH 1 650~1 750 em™ ' A BREE .
1698 em "gbFRIL. 1598 em ' gbFEFHF C—=C 1099 cm !
AR TR DL R B 1 062 em ! A H AR LA . B 2(0) TR A
FEEH A-Ace 7£ 3 000~2 800 em ™' &b 4r ALK 5 A~ W i e,
Gy BRI R B 3 C—H A RATHR 2 954 em ' 5 XFFR2 963
em” BGE YR B R YO, W3 CH MR TRR 2 917 em ™!
XFFR 2 838 cm 4 iR B WL YL A C—H 7E 2 891 em ' A fif
YR B AR & 2(dD IR Y A-Ace 7E 3 100~3 000
em AR RO 3 AU, 43l SRAL A K CH, 1Y B X R i
PRB 3 077 em ™!, FFIRM —C—H #45¥E3sh 3 045 ecm ™!,
ke =C—H M43 3 015 ecm ', H4 74 AGMP i
AR TS A-Ace M LLAN o W LG 38 BI04 5 3

A

RS ZE AR S E BRI S ME B RIBLANE
HE A (2 5 1 40 07, DASUL & W TR AR 2 LU ABCA I%RE v i — e
AE B REFTIY SR EE R AR . ARIESCIRC12], LA 6 A28 Gk 4
B (I — ) 43 5l R AE 4 2 BUYTRE 5l Be L I 20 AP OG IS AR AE 1
=A(3 000~2 800 cm ')/[A(3 000~2 800 cm ')-+A(1 600
em ) MRERARRE Ty, RORMG W HEARRXT T 05 e ny s i . =
A3 000~2 800 em ') A BR Wi AR C—H i 45 4% 2y W i e T
A, L,=A1 700 cm '/(A1 700 cm '+ A1 600 cm ') FEAF A
MFHFEMR ISR, HTFMESEm 2>, L Al
700 em 'FEaREHE =0 WK THE A, I;=A3 050 cm '/
(A3 050 em ™' +A2 920 em™ ") FHEFF FEFEHL. H A3 050
em RO C—H MR AR 3 WUk i TH AR . 1 = A(900~700
em 1) /A1 600 em™ ', Hf A(900~700 em ™) FIRFT A &
BHAE =C—H 17 5 & il #% g 0 i g m #L Al 600
em ' RIRLLS G C=C MRS R B mR. B, 1
FRFE S ARG & B 5O S E w0 e, B DY &R



892 ik 56 4

842 %

A, I, =A2 920 ecm™ ' /A2 950 cm ' FAE 5 B 4 1 K
PERICREALARBE . DS BEfL AR L. WS BOOR, RWIAE
Wolg 107 45 B, Hf A2 920 em ' R W H SE—CH, 1
C—HH 45 I 3 R W T, A2 950 em ' R HI A —CH; 1
Wl A, I, =A(900~700 em™ ') /A(3 100~3 000 cm ™) 3
AE M0 A HE B, Hort AC3 100~3 000 em ™) 278 AN ML Al
C—H {44 s e T AL, R R R ARG C—H |
ShE MRS =C—H M43 sl i (e . w7 JH ok 2R i
RAEFCHE A . 2 2 51T 4 ZEIY) B b A R 8 AR 19 S
.
2.2 MBHAESW

VITIERZE T Y A-Ace g 4], o A F) TR 4 (3, 6., 10
F15 K« min ') (1 $4 i BOH% HEAT R 20, 3% AN 8] 19 1 58
J7 AR B A R N ALERE . TT M A B A I B 1 S8

WE 3Ca) Ny 8 FAL I YIFE f#E 10 K+ min ' 9 FH il %
TR TG 2k, 8 FhZE By A ol 1 47 R 46 IR R LR 08
410 K, T A-Dmso, A-Dem F1 A-Thf = Fh 2 B ih) P A2 4G
L2928 360 K, JRE S 3 FRe iy dh 3R A7 A b s ZE WG], T
Tk et AR P A RO P R SR T T R L A R A
P IR B AR RTE SAEBCR R EEARRF 2, X2

(a) a—— A-Ace
100 b—— A-Moe
¢—— A-Ea
d —— A-Dmso
80 1 e A-Tol
J—— A-Dcm
& —— A-Cds
s 60 h—— A-Thf
O
[_4
40
d
20
O -

T T T T T T T
373 473 573 673 773 873 973
Temperature/K

H 45 A IO b BT A TR R S5 R T R B ST . B 3(b) K
A-Ace NRITHEH % (3, 6, 10, 15 K » min™ ") F iy TG #h
2R, B THRE R, A-Ace 19 TG HiZ m 4F 5% . 24
AR A-Ace ZEIUY W IR R 1t & 25 4R 0 R AR A ™ 1 % 10 7 2L
—E B A, IR R R B R — R R AT 6 R
fif R S T, PRGBS FHR R, A-Ace 19 TG i £&
I AT, W, Ha 7 fFERY S A-Ace f1 4 [
R 1 AR A

x2 EBRMAMRIEERSH
Table 2 Structural parameters derived from FTIR of all extracts
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FTIR Analysis of the Correlation Between the Pyrolysis Characteristics
and Molecular Structure of Ultrasonic Extraction Derived From
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Abstract The regulation of molecular structure and thermal conversion behavior of coal tar pitch is the key to preparing high-
quality coal tar pitch-based carbon materials. In order to further clarify the relationship between pyrolysis behavior and molecular
structure of coal tar pitch, 8 kinds of extracts derived from Medium temperature pitch (AGMP) were extracted by ultrasonic
extraction with 8 kinds of organic solvents at room temperature in this paper. The PeakFit v4. 12 software was used to perform
peak fitting the infrared spectra of the extracts in four regions of 700~900, 1 000~1 800, 2 800~3 000 and 3 000~3 100 cm '
to achieve the fine structure information about various functional groups. In addition, six molecular structure parameters (I, —
I;) were introduced to characterize the relationship between molecular structure and pyrolysis activation energy of the extracts.
FTIR spectra analysis shows that the 8 extracts are complex compounds composed of condensed aromatic ring structures mainly
comprised of aliphatic hydrocarbon side chains containing oxygen and nitrogen and other heteroatoms. Moreover, due to the
difference in the extractant’s structure, the extract’s molecular structure parameters are also slightly different. The extract
obtained from the linear structure extractant has a higher content of chain hydrocarbons (I;), and the extract obtained from the
ring structure extractant has more aromatic rings substituted structures (I;). Thermogravimetric analysis (TGA) was used to
study the thermal weight loss behavior of 8 extracts at different heating rates (3, 6, 10, 15 K « min '). Under the condition of
equal conversion rate without considering the reaction mechanism, the pyrolytic activation energy (E,) were calculated and
analyzed using the Flynn-Wall-Ozawa method and Kissingr-Akahira-Sunose method. The results indicated that the eight
extracts’ pyrolytic activation energies ranged from 78 to 116 kJ » mol™', which are closely related to the structure and content of
functional groups. The structural parameters of the extracts obtained by IR quantitative are correlated with the pyrolysis
activation energy. The fitting results of the one-element linear equation E, = f(I;) between the structural parameters of the
extracts and the pyrolysis activation energy found that the aromaticity index (I5;) and the degree of branching (I;) are the two
main indicators that determine the pyrolysis activation energy of the extracts. The fitting results of positive and negative
correlation between the pyrolysis activation energy with every single index (I;) indicate the difficulty of the structure being
destroyed by pyrolysis. Considering the interaction of various infrared structural parameters, the fitting relationship model
between the E, of AGMP extracts and the infrared spectral structure indexes was shown as followed: E, = —4 294. 53[, +
73 812.161,+207 673.321; — 20 324.201, — 168.561; + 857.861;. The results, which combined analysis of FTIR spectra,
reveal more details about thermal characterization and kinetic characterization and they can be expected to lead to a well-

understood coal tar pitch’s pyrolysis.
Keywords Ultrasonic extraction; FTIR peak fitting; Molecular structure parameters; Pyrolysis characteristics
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