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Scheme 1 Structure of nematic liquid crystalline copolymer LCP-H4
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Fig. 3 WAXD patterns of pure PP and nucleated PP with
different LCP-H4 content crystallized at 128°C and under

quiescent condition
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Fig. 4 K, value as a function of LCP-H4 content

crystallized at 128°C
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Fig. 5 POM photograph of nucleated PP
with 2. 0% LCP-H4 content at 180°C
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Fig. 6 WAXD patterns of PP with 0. 9% LCP-H4 content
of isothermally crystallized at the different crystalline

temperatures
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Fig. 7 K, value as a function of the crystalline
temperature for PP with 0. 9% LCP-H4 content
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Fig. 8 POM photographs of the (a) pure PP
and (b) nucleated PP with 0.9% LCP-H4
mass fraction after isothermal crystallization at

130°C (200 x)

POM LR W] 4l PP 25 S id F b, A% L
A B EERE  BRE RSTBOR, o A A 5.
TEAAZED , HER R E/INGE, S BUBRIE 5 1 G At
AN e = N RN T SN RSB T S e
VAR, BR AR 2 2k L BRRAME , R e i A R
R Z A, Uil 8 (a) 5 i Bl )M R% 57 LCP-H4 (1Y
I EA AR T 245 SRR IR 1 45 ik
R W/ T SRR 38D T 2R PR R
AMZERE, FRAE S TS Z R B, WA 8
(b). W8 H 2l PP L5 S R A B, 7 DA
JETE PR BR il DA A A B A R H A D

PP 45 T R BRSO RO, AT 2 ) PP
il il B EeE PR RE P ERPERE AMLAR YL RE. 1 7% s
Bl LCP-H4 Ji=, i T HAE 51 ~ 195°C Z [a] 3R BT
[ SAR AR PR RE , AR AL T R i 25 B B 1) 3
T PP &5 $E it 1A 7 S, 1 EL o B AR
TR A B REAL 4R, KRR T PP R R
EYIEERIS SE N AN, B R AR SR 151
R AR AL & 1 SLRE D PP I 4R I T B AR A 36
P, I PP o—5-58 1A e HES , DRI A8 09
RS, PP g R b BEJE R & B9 d i 3 T 5%
FHRAZ B TR o bR 7 PP A 245 Jh 3 B i
ANTERES I RT, D fp & B PP il dh 4 4 B4
REFNJ 2 PERESEE 1 JEA.

K9 25t T EcPERTS PP A o SR B i i
JeEA. 9 ArhL, o BRE BB A B, T B
AT T LG o o B AR 5 A9 (OB S B AR, A HL sk
A BE B 5 T o BR AR, T R AT 2 1
P, o BRAR AR T5 U B — 3 3 A i) S
SR TOM AR R (9 @52 4R B O o A A2
KA o, fioREAS H R S8R R ool B 3
I, o B Z A BA B B A, H o SRYIESS &
DX PR AEER i 2Z A0 57X, R E] R R AR A,
IXBHEEAE S AT RL & A R B v, B B S g 4
i 2SR HETEWT 2 100 B R i fre 1] LI IR 45 44
A SR R BRI R, L R AR 1
P8 b A —if , 5 ST AE I, FoJm 78 R A
F'2 B R A SR ROIR 1) P9 3 A Ao 5 R

e
:

Fig. 9  POM photograph after isothermal
crystallization at 130°C of the (a) a-crystal
and (b) B-crystal (200 x )
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Fig. 10 POM photographs of the different crystallization temperature (a) 130°C, (b) 153°C, (c¢) 158°C, and (d) 172°C for PP with

0.9% LCP-H4 mass fraction (200 x )
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Fig. 11
with different LCP-H4 contents

DSC heating curves of pure PP and nucleated PP

AP 11 538 1 Bdla nl i, 26 PP 1) DSC £k
AR AR AR R 165. SCRA T «

ndE R A WA ICAE (T, ) - TTES AN 6] & &
LCP-H4 J51#) PP [ 7F 164. 8 ~ 167. 3°C [ I o
mn Y RFAESARLIE AL B 7E 151, 1 ~ 155. 2°C A A i
T B AIYRHIE R Rl (T, 5) , K] LCP-H4 if
JT PP o fh[H) B AR Bl AR i
(IBGTIN B T P 475 Tl 2t 70 el A A Y b, X b7 1) 06 T
TR AR A, Y i ) & 5 3 0. 9% i, B

Table 1 Thermal analysis data of pure PP and nucleated PP with
different LCP-H4 contents

‘ Tw_p T AH,,
Sample Composition®
(¢) (C) (J7g)
0 — 165.5 85.2
0.2 150. 8 165.9 100.7
0.4 153.4 166. 8 101. 1
0.6 155.2 167.3 101.5
LCP-H4/PP 0.8 151. 1 165.2 102.3
0.9 152.0 164. 8 98.2
1.0 151.4 165. 1 103.9
1.2 151.7 165.5 100. 8

#LLCP-H4 mass content in the blend LCP-H4/PP
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LCP-H4 £ A% A SOt 45 5 T PP 45 f
2.5 LCP-H4 i PP & @& HZ M

K12 45 T U INAS [ &% i LCP-H4 (1) PP £
i ) DSC RETRL 2, X Iz 1 45 i 3h 1 2 53 B 5k
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Fig. 12 DSC cooling curves of pure PP and nucleated PP

with different LCP-H4 contents

Pl 12 AT, B LCP-H4 J5 19 PP 45 i
54l PP A EL Y 1) 1 R O S Bl L AL AR 452
i, 0 LCP-H4 (A B B4R T PP (45 5
VN2 SR, X FE S BR A P v a4 S i
W 3R A RO LA, 5l PP & i 0 T R
FHEL, BN LCP-H4 J 11 06 1 AL A5 i 16, 2 W
B PP L2l PP B W 2 i 45 i B, D R el T
LCP-H4 11 siA% AR A S R BB 45 & 14 TG 58 JE AH
TR S f R, DT (o A% o LA A 1 Y
ShEhE.

R

S

=

H13% 2 a1, 26 PP A &5 Fhig i 2 (T,)
105. 4°C M Wi Jm PP ) T, Y4255 109. 5°C LA
AT —@MB K. AT 5 B 4h 5 3R A ¢,
AT /)N U 45 i g SR, [N, A LCP-H4
J5 I PP 45 i eds gl PP R . X 2 T A
AR WA PERERY LCP-H4 Oy PP 45§ fit T
W2 A R A% S B2 A R T
SEABAZ B RT, AT fe 1 PP e 452 g 114 38 S
T D
Table 2
different LCP-H4 contents

Crystallization data of pure PP and nucleated PP with

Sample Composition® T, (C) T,(C) AT AH,(J/g)

0 116.0 105.4 10.6 89.5

0.4 118.2  110.7 7.5 99.0

0.6 115.8 109.5 6.3 100. 3

LCP-H4/PP 0.8 115.5 111.6 3.9 99.2
0.9 115.6 111.1 4.5 97.8

1.0 116.6 112.0 4.6 100. 5

1.2 116.1 112.0 4.1 98. 8

*LCP-H4 mass content in the blend LCP-H4/PP

3 i

[ FAHIR 3L 2R W) LCP-H4 & PP LR IR £
HORE S A O VR T, 3R T PP R A R Ry
THEMIZBTEE , RISEIN T SR p B, ik
TES AR R A N A, Has A T3
1155 N AREE IR A A 22 5, [R] I o2 1 PP Y
LEMEMSIER, E S TR AR B M. 1Ah, 5
45 PP AHLE, IS I AN [R] & i LCP-H4 J5 i) PP 45 i
W 2% o g it 7 1) A% Bl , ELWGE R AR 06 T RS K.
2 LCP-H4 J5i & 73 B0 0.9% , 45 & iR 2 R
128°C, KZ5 AhIHAI D 1 b i, X0 PP ALIRAE: i 1Y
K, H54% . £ 120 ~ 130°C N, B & A A= 1 3 5 B
BRT o f, HHSGZE WS T o i AU
R B BRFhAE 151°C I I 4R 22 I, 158°C 1S ¥
O 5 T S U A Y o BRARAE 163°CHIRTH G,
172°C 524 k. BEAb, o 3R Y & RS2 HCRIR AR
K, 1M1 B BR A A HOIR A SRR I SRR I, R
HEF I o ABR R
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EFFECT OF NEMATIC LIQUID CRYSTALLINE COPOLYMER AS A
B-FORM NUCLEATOR ON CRYSTALLIZATION STRUCTURE
AND THERMAL PROPERTIES OF ISOTACTIC POLYPROPYLENE

HU Jianshe, KONG Bo, SUN Jing, LU Hailong, LI Hao
(Institute of Molecular Science and Engineering, College of Science, Northeastern University, Shenyang 110004 )

Abstract A new nematic liquid crystalline copolysiloxane (LCP-H4) was prepared by graft polymerization,
and a series of PP blends containing different mass fraction of LCP-H4 with propyloxy spacers were obtained by
blending PP and LCP-H4 at a proper process program. The crystallization structure, morphology and thermal
properties of PP with LCP-H4 as a nucleator were characterized with wide angle X-ray diffraction (WAXD) ,
polarizing optical microscopy (POM) and differential scanning calorimetry ( DSC). The experimental results
showed that LCP-H4 with mesomorphism in the PP could supply many crystal nucleuses and active spots, play
a role in the heterogeneous nucleation effect, efficiently enhance the crystallization velocity, temperature and
degree of crystallinity , moreover, the spherulites became smaller and more homogeneous. The nucleated PP
showed different crystallization structure , morphology ,and thermodynamics and kinetics. 8-phase in the PP was
induced , the maximal relative content of B-form (KB> was 54% when the mass fraction of LCP-H4 was 0. 9% ,
and the crystalline temperature and time were 128°C and 1 h,respectively. In addition, the birefringence of 8
spherulites is stronger than that of o spherulites, this difference is related to their particular growth way and
lamellar morphology. The trigonal 8 spherulite with the sheaflike grain growth is bright and colorful compared
with the black and white monoclinic « one with the cross-hatched radial grain growth. Moreover , the molecular
arrangement of B crystal is looser than that of o crystal. The melting point of - and B-crystal was about 153°C
and 166°C ,respectively.

Keywords Nematic liquid crystalline copolymer, B-Form nucleator, Isotactic polypropylene, Crystallization

structure and morphology, Crystallization thermodynamics and kinetics





