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Effect of the Catalytic Polymerization Parameters

on Structure and Properties of Naphthalene Pitch

CHEN Shilin",GUO Jianguang,ZHOU Mianhong, TAN Jiazhen
(College of Materials Science and Engineering, Hunan University,Changsha 410082 ,China)

Abstract: The influence of catalytic polymerization temperature and time on structure and properties of

the synthesized naphthalene pitch prepared by using naphthalene as raw material and HF/BF;as catalyst

was studied. The molecular structure of naphthalene pitch was investigated by elemental analysis (EA) ,in-

frared spectroscopy (FT —IR),nuclear magnetic resonance spectroscopy (! H—-NMR) and mass spectrome-

try (MS) analyses.The results show that the softening point(SP.) ,coking value,toluene insoluble(TI) and

aliphatic hydrogen especially Hy content of naphthalene pitch increase but the aromatic hydrogen content

reduces with the increases of catalytic polymerization temperature and the holding time. More content of

naphthenic structures and lower methyl content were found in naphthalene pitch synthesized in higer cata-

lytic polymerization temperature.
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DIKE 25 (43 50h 99.5 %) M EURE, HF (A R
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Tab.1 The preparation conditions of naphthalene
pitch by HF/BF; as the catalyst

B 4’;@5@% T AR ﬁﬁﬁffl‘f*] ‘fﬂ‘?n%lijj
R/ C /JCC e+ min~ 1) /h /MPa
N-100-5 100 5 5 1.0
N-120-5 120 5 5 1.3
N-140-5 140 5 5 1.8
N-160-5 160 5 5 2.6
N-140-3 140 5 3 1.8
N-140-7 140 5 7 1.7

1.2 ZFhEMRERIE

ZEU T AL S0 2 SR F B O 't B 5 A
Iy E 2 MR GB/T 22921980 Fl GB/T 2293
1980 ; 2805 75 45 #4 43 W R Fl 25 [ Varian3100 %I B
21 A5G 1E (IR) A A Bruker 400 MHZ Advance ¥
il S I Y AN A iR S0 (C H— NMERO & TAE
%k 200 MHz, 9T F % 571 R 5 AR 2R (C6D6) » PO H
Ferk e CTMS) AR S N AR W05 4% 1 3 3R ok % (7 C —
NMRO % B F %5 7500 24 i A& 5 (CDCL) » 2R
i 4% (Cr(acac) ) VE st 75l 5], 1 FP 2 fik o (TMS)
YE R AR AL IR IE Y C A H 20 0 8 2 R
B-L iU e X oo R M R S E Elmental A #
Vario EL [l B45CE 53 H1 s 2805 7 43 F &2 0 2 ok H]

H A B H QP2010 Ultra KA AL 2 HL B (APCD
JETE {X CAPCI: atmospheric chemical ionization) ,

e R AR A 5

2 #ZRE5iTiR

2.1 EARGEREXFHE LSRR

2 N (AR 3R A T T o 2R U0 R P BE.
AT UL B AR R A RE O TS 4l B RE AR,
160 “CAEAL IS Tl #1925 W07 b QI 470 Bt i 73 4
DN 3. 106k PR A B SR A T BE Y 4R L R i
PESR R, A 2R 57 3R BN Y B AR R[] IR AR AN [
oy FEA I EAL, BV SR AT Y) (TS) e Ak o 1P 2%
AECTD ., BRI Y CTD 5 16 8 VE R 3 9
(QD AR T 4170 1 o T ALy Fe b, R E
- 1 ALK (R B /N 1 2 5 3R fi
PRARBEREIE R, 2507 AL 3R L 5 U I 25 4
{E H/C B f I B2 B2 i i R A1

®2 HUARSEENFRSHEENEMW
Tab.2 Properties of naphthalene pitch prepared
under different catalytic polymerization temperatures

, = fE To' wrs® wn® wa! wevt  an
FE it G5 ; , ,
/% /c % /% % /% e
N-100-5 52 87 100 0 — 52 0.787
N-120-5 78 98 100 0 — 57 0.780
N-140-5 95 137 80.8 19.2 0 63 0.752
N-160-5 93 156 61.6  38.4 3.1 70 0.712

1 :#Softening point;® Toluene soluble; ¢ Toluene insoluble; ¢ Quinoline in-

soluble;©coke value.

B 1A AR A IR 28 W 1 FT-IR
i ELNE T ATE L A AR AR TR 3 050
cm ' F1 870~750 cm ™' AbIHJE F AN AR AL G W
I Tl R 1 O A I W B, 3 T U 559 4 X 1 P B AR Ak SR
ARETHE B E P TSEER L C—H #
SRR, WZAE HF/BEAEH T A /R LK
BEWEDEIR , HE T R R T PR AR R AE DL B
o7 R A b R 5 UL R T R I 5 2 970~ 2 700
em A I JE AR R AR SRR B 3 ) e 45 ik 3l i
UEE vy P SN T BE R R TR ES . 1 450 em AR IHE
T A CH, A48 PR e b 9 2 3 i 45 R
Bl RSO v, VA B B SR G U RE AR AL AS B L (R P 3
B3R B LA T oo /1 1as0 WY S0 980 /0. 150 W) I 2 A A U 2
B T 15 3R G sk AR TR %) e R D7 A 5 A ()
A 1) Y S AR T 1A Jt 485 4 1 e A, LK B A A
S8 R i SR 5 U R R T 4 K.
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Fig.1 IR spectra of naphthalene pitch prepared under
different catalytic polymerization temperature
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Fig.2 'H-NMR spectra of naphthalene
pitch prepared under different catalytic
polymerization temperature
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Tab.3 'H-NMR analysis result of naphthalene pitch prep-
ared under different catalytic polymerization temperatures
v o @ Haro an.t aH[i’cJ anyt .
R 4 5 1y 1% /% /% fa
N-100-5 60.5 24.5 11.3 3.7 0.845
N-120-5 54.8 26.6 14.3 4.3 0.824
N-140-5 50.1 27.4 17.8 4.7 0.812
N-160-5 46.9 28.0 20.2 4.9 0.811
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X106,

M 3 T B AL R AR T L 2R T Y

283.25

326.10430.15

I

608.08

198.13

T TR ol |3 U

N-100-5

AHXT 3R

283.25

255.28

378.12

417.14
1 l 504.15
ot [ uqu | .Ih (P

400
m/z
B3 FREMERREREHNEGERF MS HH
Fig.3
prepared under different catalytic

Ly

200 600 800

Mass spectra of naphthalene pitch

&3 AT L, 7E B IR BE (100 °C) T il #% 19 28
Wi 4o o — KLl m /2 =283.25, FE 2L =
AL 5 T A B TR (140 °CO il £ Y 2R
Wi i R B m /= =473.26, £ 8 W ZE T EBAKR
it 07 W R HL A AT Sl B R BR ot 45 K 1 AT AR L X i
HH it 5 T T FEAE AL R PP R &R A 3t R
NE 0B S N  BAR X 43 8] Y R A B Kk A A ER
J N BRI 35 8 A% A5 5% BRI 5 DT i 258 90 7 O
S o A N [ B = - 1 R =S TR =
YR A oAy i Ay AT T, 2 i Y
m/z MHEEEEREE m/c+2.m/c+14 Fl m /= +
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Tab.4 Properties of naphthalene pitch prepared under
different catalytic polymerization time

B 45/15 Tj}) "of'rs Tz/ﬂ'TI war u[‘(‘, v 17 H
/M % I % % e
N-140-3 90 104 92.0 8.0 0 61.2  0.763
N-140-5 93 137 80.8 19.2 0 63.0 0.752
N-140-7 92 148 76.1 23.9 1.5 64.2  0.745
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Fig.4 IR spectra of naphthalene pitch prepared under
different catalytic polymerization time
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Fig.5 'H-NMR analysis result of naphthalene pitch
prepared under different catalytic polymerization time
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Tab.5 'H - NMR analysis result of naphthalene pitch
prepared under different catalytic polymerization time

\ @ Haro a Ha aup any .
il i 5 /% iy 1% /9 fa
N-140-3 54.3 28.3 10.9 6.5 0.826
N-140-5 50.1 27.4 17.8 1.7 0.812
N-140-7 49.6 26.9 20.4 3.1 0.812

K6 140 CEA M E (3 h/7 D LR E
il 25 B 2505 75 1 53 LN 6 7T LR Y AN [R] st
)4 Ak 3 ) B 1 28 7 o F i e A e LR AR —
H (m /2=200~800) , KW &R HH BLLE m /2 = 283.25
Qb o B2 A Ta] B [ 4 Ak 2R G i 45 1 28 00 £ S A )
H R 28 0 = R AR A s DN R e Rl DA AL 2R A 3
h 28 B 2R T A T R B A 4 T 0 )
S PRAE m /2 =283.25,255.22 F1 504.15 &b, T fi#
ERAG 7 h il 00 25 W, O G SR B T = AL Y 43
TR B TE m /2 =283.25,504.15 F 728. 75
Ab BV % AL 3R A B R AE K, 2R 9 P R
RIZE 7S L A R L 0™ 1 & R 4 KA it



5 6 1)

W7 AT AL R A T 20 2% 10 7 20 R RE ) 52 T 85

BIFE 140 “CHEAL TR G ok B b Bl 25 3R 45 B [0 1) 48 4G
RE R AWITRA A B ZE ) = = Rk gk 5 & 4
BARR N B EANEWE = YHhZEn =
BAK Gn /2= 255.22,283.25) WA N & f B AK, B AT
H i RAEENZEFTRY MY Gn /2 =504.14,
620.75,728.75) & 1 K.

283.25 N-140-7
728.75 i
255.22 504.15

FEAXTR

255.22

376.11

A I.I.J Wl ll.;“..

200 400 600 800 1000
m/z
6 MR ARE R &G EDEF MS 5
Fig.6 Mass spectra of naphthalene pitch prepared

under different catalytic polymerization time
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Tab.6 The molecular structure parameters
of naphthalene pitch

S8 Eqis AKX E 3N
C e 41 — 37.0
H ENEER — 27.8
/ FHEE Cu/ C 0.74
I oot 0 T . A (H.+ Hz+ Hy)/H, 1.84
Car PRI T CuXC 27.5
Ca ik I b JE - CaXC 9.5
H P F AT H H.XH 14
H, B AR T H HaXH 13.8

M 6 25T I S5 A 2 BT A 55 B ik DR T
NEO 27~ 28, h R A BOEI =P RS A 6
~T AT IR, be S BE b A B T RO 1,84, B
H JLP 84 i 557 R O 2E B 7 80H 13,8
A~ U] Joe e 00 % 45 R, 3 Ay PR R B 2 I A i
JEF BN 9~10 A, HEMZE W75 70 1 P & A I ke 4h
FyL 25 b, 2 Bhonl BB B9 B o T A M B T AN 8
iR,

(@ (b)

B8 2ATaws TLMBER
Fig.8 Two possible average molecular structural
models of the naphthalene pitch
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