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Table | Power law constant of shear viscosity at

different temperstures

B{(Pa-s™) m
1034 0.61

290T

300C 560 0.61

320T 278 0.64

Table 2 FPower law constant of extensional viscodity at

different temperatures

A(Pa-s®) n r
2. 7x 107 0.9

290C 0.44

300C 2.0x10* 0.54 0.9

320C 7.6x10* 0.28 0.98

2 TBREH

2.1 BH

TRPHFANATEBERARE Y LCPSO 2
HEXRZHEAME TITEENPLREM PET/
PHB R LB Ky B EXFR(PHB)MER
ERANBO% , HEB="HANSH, EXEHEX
MR . DSC MK 7 ,LCP80 £ 285C ML A
— B MR S RENT 10%1.

T LCPSO RERKE . BHXKAZRAR
# ISR ERAT LCPSO R W7 110C K
PR TR 48h.
2.2 RENE

A RE M BB Instron 3211 EMERE
WE#HFT BEERL 9.53mm, TEHABFHRE
1.55mm, K2 K3 %% 16.7.40 # 50, A 1 4
% 90°.

MR HEPHPHTAA Snin, BEEHNM
BEN+1T.

HEHEERABRERTUEENR S
Rabinowitsch R IE; RIB L FHEHEHT R LE
B, 4% Bagley i ERM EHAEKE HEEH
L L/D=0,LIBEEMTAOERE. B
R R MBS
2.3 A&E&l

¥ FH ™ @ ™ LeitzWetzler il % B &
(POM)E AL & W E LCPR0 WA RN fifish
MHREAER ATREARMRAEN SR ##
RIENBEFRABEUEH TR T AME.
HHEBRRERE N LAOFMNM P, ERECBHRE
THEREMNAE.

3 HR5itiE

3.1 AOEKE

R Bagley FERBIAFRRBETAODER
S5ShBERENXE, 0@ iR, BEXEEHA P T
KE,EHFABET P, MY ERTmNM, HAE
320C R LA BHE.

10°F

P (P8)

e

]05 S ST BT R TITT B ST T |
10° 10°¢ 107 10°¢
Flow rate (m3/s)

Fig. 1 The effect of flow rate on the entry pressure loss at
different temperatures
B 280C ; @ 300C; A 320C
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Fig. 3 The effect of flow rate on the extensional/

shearpressure drop ratio at different temperature

B 290C ; @ 300T; A 320C
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Fig. 4 The extensional pressure drop vs. extensional rate
at different temperatures
H 290C ; @ 300C; & 320C
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Fig. 5 The effect of extensional rate on the extensional
viscosity at different temperatures
l 290TC ; @ 300T; 4 320C
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Fig. 6 Nematic texture of LCP80

a) Before extensional flow at 300°C

b) After extensional flow on the direction of the arrow
when DR =23 at 300C
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Fig. 7 Polarized optical micrographs of LCP80 films
a) 290C ; b) 320C
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Fig. 8 Modified Trouton ratio versus extensional rate at
different temperatures
I 290C ; @ 300TC; 4 320T
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EXTENSIONAL FLOW BEHAVIOR OF A THERMOTROPIC
LIQUID CRYSTAL COPOLYESTER

LI Ming, SUN Bin, DAI Gance
{ Polymer Processing Lab , East China University of Science and Technology , Shanghai 200237)

Abstract The extensional flow behavior of a modified PET/PHB type thermotropic liquid erystal
copolyester (LCP80)} was studied by using the contraction flow method with a capillary rheometer. The
investigation focused on the effects of the extensional strain rate and temperature on the extensional
viscosity and Trouton ratio through experimental measurements. The nematic texture variation and
molecular orientation during extensional flow at various temperatures were also observed. Experimental
results have shown that the entrance pressure losses, which decreased with temperature and increased with
the flow rate, were particularly large. The entrance pressure loss reached about 30% of the total pressure
drop even at L /D =50, which was significantly larger than that of conventional polymers. It meant that the
end correction in the capillary rheometer could not be omitted even when a long capillary is used. In the
entrance pressure loss the extensional component was dominant and the shear component was less than 4%
in all cases. This was attributed to the orientation development due to extensional flow as the polymer flew
through the converging entry section, which was confirmed by the macroscopic ordered texture development
after extension. At extensional strain rates from 1 to 100 s ', LCP80 exhibited extension thinning, this
phenomenon was more obvious at temperatures above 300TC due to the increased orientation ability of the
rigid molecule chains. The extensional viscosity and the shear viscosity both could be empirically described
by the power law model at various temperatures, but the model parameters were quite different. Besides, the
Trouton ratios, decreasing with the temperature and extensional rate, were always much greater than the
Newtonian values, indicating a high elasticity of the LCP80 melt. The above rheological properties were
explained according to the texture cbservation.

Key words Thermotropic liquid crystal copolyester, Contraction flow, Extensional flow, Texture,

Molecule orientation



