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WA BESEARSHNERENELY
A D EHEEHFEA"Y  BE T Be N
B EBRANHE AL FHERANR A
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WAEFESH R EDR, Bt ERS
W RIT VRN FMR A ¥ RS
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S 10 K/min, N, H B .2 E Varo EL Il T
# 43 #7 1% . Nikon E400POL R & & i 85 BC Instec
HSC20U #44 , M 41 & B8 &7 Nikon Coolpix4500 5 ¥
.

1.2 pAtk58ENER

1.2.1 4-THEEEBRE(BBAYH G M BBA
41 2 .45 10.36 g(0.14 mol) 1IE T BEF1 50 mL nft B
A 250 mL =R BHFAHKKBRHEO
~6°C . ZEM $ 89 R B B 37.07 g(0.21 mol)
EHEBE . EINEREE O~ 6 CHERN S h. &
2 REFT 84 e i A 100 mL Z48 K , 20 mL36 % [y
M ERERESR. BAENEKKA 50 mL
0.2 mol/L Na,CO,,50 mL 1:8 B¢ ,50 mL 1:4 ¥
HhEER BREHARBKERTEFERALK
BiReE TR BRIEZEIBGIS T EH AR BMAE, %
91% .

# 30.39 g(0.22 mol )HBA A 250 mL = B}
o 8RS A 50 mL Z.B%,28.00 g KOH (0.50 mol)
BT S0 mL K RRFAER. AR R NAE
SOCKE, AWM T H & & 51 B AR 39.60 ¢
(0.20 mol) , /MM SE KL £E 80°C [E] i FL Kii 36 h. FF I
NS HEZTRE ARHEERBAZE pHER 2~
3, MEFE YRR BKEERZERE. LKL
MBS AR 1S BBA, "% 69% .

4N EEEB R PBA LM KAWE.

#60% .
1.22 48R4 TEEXPBRER(HBOKE
K %4 T4 BBA 10.49 g(0.054 mol) &
F 250 mL BELEHR S, A 30 mL ZF M 1
~2 7% DMF. 3R S h GRERBRELIRY
“ETRE AT HEEYEB R BHET 40 oL
PO ki & .

423,10 g(0.21 mob) ¥ E B ¥ T 150 mL
MR KB R E 0~ SC,REKHEFRHM4-T
FEEF RS kA TR TSR K,
ERTHENE 24 h FHAKLEEL, HE,E
SUKsEE, FTHRE ALK CBEES & HBC, 7™
HE 69% .

FAMEUB R & EH & 4R E4 - KERE
PR (HPC) , = 2% .

1.2.3 4-Q-LBRZEH)XEPE(HEA)HI5 W
13315 g(0.24 mo )M EEXEFEMAZOM

WA 50 mL Z.B8,35.84 g(0.64 mol)KOH

BT 50 mL KT8 % #, 0.50 g KI, SR J5 i n

26.56 g(0.33 mol) F B2, M7 5 Ja Bt 24 h.
BHAHNEZTREMAKERERRE, ALBER
BERRNOALE RKREHRLBEL S
M, XAk, TREAXKLHESERE
HEA, /=% 81 % .
1.2.4 4Q-WRBEZEE)XTBR(AEAHE
54 # 3 mi(0.033 mol )RHBEEHE T30 mL U
Sekmh % T 48 5.10 g(0.028 mol )HEA 75 F 70
mL POk B, A 3.04 £(0.030 mol) = Z &, 7K
BBRAHEO-SC. WMETEERMABRAB
PO Sk R, R TS B R TR FE R A
HunfF, tEEESEE ARBEAELMRE
BRLVFEBEAEYR B ES NG AEA, & F
549% .
1.2.5 Bk M1 F M2 &AL 4-THEFEH
Ma-Q-ABEBRAZE L) EN RN ¥ A
(MDA RERZREPRAV-QFBRBECER)
% R RS (M2) AU &Rl &
LA-& R M1 R 81,6 8.58 g(0.030 mol) ¥ HBC
#19.24 g(0.035 mol) Ky AEA 3 F 30 mL TH M
DMF &, A DCC 7.22 g(0.035 mol) #1 0.10 g B
DMAP, ¥ R B1& M+ 24 h, W, WM A B
300 mLFZEAK RITE, TR RE YKk lEH L
MELS SFHSEEML T B,
TESEME(ERME)(%):C 69.78
(69.05), H 5.59(5.19). IR (KBr, em™"') :1727
{ (=0, ester), 1636 ( C=C ), 1606, 1577, 1508,
1466 ( aromatic ring framework ) . ' H-NMR ( CDCl,,
8):0.98 ~ 1.02 (3H, t, CH, (CH,),0), 1.50 ~
1.55 (2H, m, CH, CH,CH,CH,0), 1.78 ~ 1.85
(2H,m, CH,CH, CH,CH,0), 4.01 - 4.08 (2H, m,
CH,CH,CH, CH,0), 5.87 ~ 5.93 (1H,d,CH, =),
6.15~6.22 (1H,q, = CH—), 6.45 ~ 6.49 (1H,
d, CH,— ), 6.97 ~ 8.18 {12H, m, aromatic
protons) .
AREEERB AL Q- REBRECEE)ER
M T HRER(M2) PR E 0% .
FTEMTEME(RIEME) (%): C 69.98
(69.50), H 5.90(5.79). IR (KBr, cm '): 1730
(C=0, ester), 1635 ( C—C), 1606, 1579, 1510,
1467 ( aromatic ring framework ) .'H> = NMR (CDCL, ,
§):0.93~0.97 (3H,1,CH,(CH,),0), 1.38 ~1.49
(4H,m, CH, (CH,),CH,CH,0), 1.80 ~ 1.87 (2H,
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m, CH, (CH, ), CH,CH,0), 4.02 ~ 4.07 (2H, m,
CH, (CH, ),CH, CH,0), 5.87 ~ 5.90 (1H, d, CH,
=), 6.15 ~ 6.22 {IH, q, = CH-), 6.45 - 6.50
(1H,d,CH, =), 6.97 ~ 8.18 (12H, m, aromatic
pmtons).
1.3 BEHWER

LLBPO #E 5] &7, 8 M1 F1 M2 43 875 T 4
mL P Dioxane H ,78 % 30 min [ T 60CHiiE F &

S0C] HO—(: :}—()H
_— coCl————— R

RO
Pyridine/THF

HOOC OH + Cl—(CH,),—OH —OH/KI__
272 EtOH/H,0

H,C=CH

COCl H,C=CH
THF/(Et);N

DCC/DMAP H,C=CH
AEA + HBC/HPC

F2hZEHERMEMAPERIRE, NEYA
Dioxane ¥ (& HI BT SESL 3 IR LABR R R Ly B2
K. EEH"YTFOCHETTREEEHE,BAH
REAT R 54 P1 A P2.

2 HR5H®

2.1 BENESHRS R
ERREHERBERR MR 1.

Pyridine HO—©—C°°H
ROH + SO,C! SO0R —— RO COOH

BBA R =—CH,CH,CH,CH,
PBA R =—CH,CH,CH,CH,CH,

HBC R =—CH,CH,CH,CH,
HPC R =—CH,CH,CH,CH,CH,

HOOC—@— (CH,,—OH

|C00+(CH1)1—0—(CH2)24©—C00H
AEA
DMF (IZOO—{CHZ)Zﬁ—O—(CHz)Z—©—COO—©—OOC @011

MI/M2

M1 R =—CH,CH,CH,CH,
M2 R =—CH,CH,CH>CH,CH;,

Scheme 1 Synthesis routes of monomers

ME R L AT LUE W, H T B E Bk M1
M2, AEE M - B A EEEXTRER
(HBC, HPC) fl 4-(2-H M Bt E Z A HE) A H R
(AEA),#R /5 ¥ HBC.HPC 7+ %] 5 AEA #4THs ik
IRiG B # 4k M1 f1 M2. % [E B HBC.HPC H AEA
By A SR, RN G, H i, 8T
DMAP fE R LR, DCCER KR, FHESE
AT Btk B NE, B I #E F DCC-DMAP o] LL7E
BANRE T H 8L B3 K F B A B B L R
B, R REBM, AR TR FH DCC K
KEERPBETHMEY N N-"HOER. 55
H5rgas GRBER FRNEHINETE
SHBT LSRR R ARG SR S0 1S P

2.2 BEWH TGA #1F
FRTCARMETRESMWMEENE BIE

ERE % (Teq ) 50% ( Tyo VB AKEER

MERE(T,.)  HERANTER 1.

Table 1 Data of TGA for the synthesized pelymers

Polymer Ts% (C) Tw®% (C) T (C)
Pl 337 413 416
P2 340 424 429

FaRkES%HMEBE, FEIRIEERE
BABBENER. £ 10 UEDH,PLH P2 K
Tse BIFE337CLU XA ERMBER SRS
MHEERRHIRBENE.
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2.3 BAPE DSC A

# 290°CHRIE 5 min LUHERAH R, RELL 10
K/min fERERALHE -40C, BIREUYHKE
Bt R DSC 28 ;7E - 40°CF# /5, LA 10 K/min
MAREEMARE 20C, BHESYMHITE
B DSC iR, AR WA 1.

a) P1

T,,=2292°C
AH, =148 Jig

Endo) Heat flow

(

T,=457C

T,=2314C
AH=187)/g

1 1 1 1
100 150 200 250 300
Temperature (°C')

=50 0 50

by P2

T,, = 2269°C
AH,=1701/g

( =— Endo) Heat flow

Tg=46C T.=131.3°C

AH=261 Jfg

100 150 200 250 300
Temperature (°C)

50 0 50

Fig. | DSC curves for the polymers synthesized

ME 1(a)fF~ DSC R B LAE &, P1 EAR
HEER,F T, =4SCHMBEMUHETR.ET =
B1ACHB T —MEAEN 1.87 J/g FIR A6, R P1
MG AG BN 45 1 R kA A S AR, ERR IR M &
L FE T, =229.2°CH B T #8745 X 1.48 J/g Y B #4
i AT PIAEmEGRNRASHERE. 5
P1 A, P2 EFARRRA T B REE RS
ERAMERRBLRE, HERLE 1(b) B PLA
P2 B RHEEREXE(T - T,)BE, W7 186K
A5G CAE 1 FLEL,PLA P2 ERARERY
ARG HEREETENETHLT 1.48~2.61
Jig Z 8B, X P1 A P2 RN A R
LS WAL UEE T
2.4 BRAWHK HS-POM S #7

Eo2APILAPRWAGREREERLE .

A2 ATLUE P 2B A 5 A RS S, HS-
POM MEL R 5 DSC WL BTG &5 R A, iEH P1
P2 B R RE AR ERAREY.

Fig. 2  Polarized micrographs of liquid crystalline texture of the

polymers ( x 200)
a) Pl at 200°C when cooling from isotropic; b} P2 at 218°C when

cooling from isatropic

2.5 HEESYWI HDPE RHERABLERITHM
L]

ER P2 AR R, EBEMERBRS YR
5 B Z 4% (HDPE) R BB 45 AT A,
¥k I IE A B G 2 A R R 8 — R R
FUBRE(DBS) M X L BF 5 . W RIER KRR S
5], R VA A R B A AR R

# 3 34 HDPE X H 89 DSC di £k, H+HE 3(a)
HBBRET RS 10 K/min BFEEE RS HK
DSC Hi £k, & 3(b) A¥ HE L 10 K/min ) AR E
Fh#AE DSC MLk ME 3(a) KBRS RER
MTREE(T,)NESEHNERRE(AW),NE 3
()R BHEFENBRBRE(T,), &k ([24]31
BREMNEEE(X,) XEGERINTFR2.

Table 2 Data from DSC curves for the HDPE samples

Sample T(C) aw(T) XA%) T.(T)
HDPE 114.7 8.4 70.5 135.1
HDPE + 1.0%DBS  116.5 7.9 71.6 133.2
HDPE +1.0%P2  117.1 4.7 75.9 132.3

ME3(QMFB2HFNBETLES, £XH
RadES, BT P2FADBS WikEE 7 R4
HDPE & , X & P2 #1 DBS 7 HDPE #{&k
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—HDPE
— —HDPE+1.0% PBS
- - - HDPE+1.0% P2

(=—Endo) Heat Flow

20 1] 100 110 120 130 140
Temperature (°C)

—HDPE
- —HDPE+1.0% DBS \
- - - HDPE+1.0% P2 \

(=—Endo) Heat Flow

80 100 120 140 160

Temperature (°C)

Fig. 3 DSC curves of the HDPE samples
a} Cooling; b) Heating

&R T 54 &8, i HDPE 7E % & iR B F Bp o] 7

W& . A EHRARN, ST P2 wikEH
T, & & ,E 8% F HDPE X i%, P2 % DBS i 74
WERRET. S50, MBI 3(a)MF2FLUEHR,
BT R2HEM  SRBENEFE AW I HDPE
FEMET 44.1% , W% T 4 M FA & DBS #ilfE B
$f HDPE F#{£ T 6.0% ,iE# P2 Lk DBS EH Al T
{27 HDPE B945 R 3.

ME3(b)ME 2 BB LIFL, FHR
MEBP. BT R2HAEZREEX. B
HDPER B T 5.4%, M&EMT DBS MK B R
HDPE H#EH T 1.1% . % F DBS ki, EX HY
T R ST T SRS B R = AR B R
#HY ERADMIERETHANNEEKER, F
BERARAVRESENRE B b fE, e
BEYs & AR IRhMREWE—ERE b
SBHEAYS TEBENED B, ZR N
DBS 7E{€ # HDPE &5 @R &, W 45 MENE S
AREHE X P2 R, AT LA &Y, BERE
EREAGUWBEEPREFSFOAE, FERE
FAmEEN £, XREARENEEE, RERE
MR EE > FRMSHESE, Bk, RinT P2
FREE HEREEBER K.

Fig. 4 Optical micrographs of the morphology of HDPE samples
a)HDPE; b) HDPE + 1.0% DBS; ¢} HDPE + 1.0% P2 ‘

ARRZHBEHERERESHRCERER
k.M HE 4(a)4i HDPE iX# POM B A AT LIEE
MEL, KBNS RTEXBS RS, MW
#hn T DBS M P2 i, A 4(b) () Br R,
HENBHEL /N BoHnENYS, ARREEMT
P2 R, KR EH, BEAmR NS . B
4 Fri8 55 RUEME , P2 fE % HDPE ¥ B8l B, 7T

RS RIHER SRR T E/NH AR E NS,

By LU Lo Af LUE B, B 6 R RO MR & Y
MESUTEARZEABHBREN, B LI
& HDPE M R1TTH . RES W EH ML HDPE
B HEHSAENHS MNBEYE St
KAER, XEMRUEHHIN TR LB EEW
HDPE ¥ 5 W /1 2F HE6E .
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SYNTHESIS AND CHARACTERIZATION OF SIDE CHAIN LIQUID CRYSTALLINE
POLYACRYLATES AND THEIR EFFECT ON THE CRYSTALLIZATION
OF POLYETHYLENE USING AS A NUCLEATING AGENT

QIAO Wengiang, FAN Xiaodong, LI Pengpeng, KONG Jie, LIU Yuyang, XIE Yunchuan
{ Deparsmens of Applied Chemistry , School of Science , Northwestern Polytechnical University, Xi’an  710072)

Abstract The present work was focused on investigating the potential of using side chain liquid crystalline
polymers ( SCLCP) as nucleating agents for semicrystalline polymers. For this purpose, two vinyl monomers with
liquid erystalline properties were designed and prepared. By means of homopolymerization two side chain liquid
crystalline polymers having different architectures were synthesized. The monomers and the polymers obtained were
characterized by elemental analysis, FTIR and 'H-NMR measurements. DSC and HS-POM were employed to study
the phase-transition temperatures and mesophase textures for the polymers. The thermal stability of the polymers was
measured by TGA . The results showed that the polymers were all thermotropic side chain liquid crystalline polymers
with wide liquid crystalline phase temperature range and excellent thermal stability . The effect of one of the SCLCPs
used as a nucleating agent in the crystallization of high density polyethylene (HDPE) was investigated by DSC and
HS-POM . The results indicated that SCLCP could effectively increase the crystallization temperature , crystallization
speed and the crystallinity for HDPE . It was found that the synthesized SCLCP could be an effective nucleating agent
for HDPE.

Key words Side chain liquid crystalline polymer, Nucleating agent, High density polyethylene



