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ABSTRACT:

The flow behavior of two commercial liquid crystalline polymers (LCPs), trade name Vectra B 950 and Vectra L
950 supplied by Ticona, was investigated using a capillary rheometer with a special double slit die. The pressure
drops in convergent and divergent wedge passage between the two slit sections, which are influenced by the
curvature strains in nematic melts, were determined and compared with the pressure drops of a conventional
polystyrene (PS) with flexible polymer chains. Furthermore the extensional viscositiy was determined from the
pressure drop in convergent wedge passage. The development of the shear induced texture as a function of
shear rate was investigated by use of a rapidly coolable double slit die with the same gap design as the double
slit die used for viscosity measurement. The structural analysis was performed using polarized light microscopy.

ZUSAMMENFASSUNG:

Das FlieRBverhalten von zwei kommerziellen fliissigkristallinen Polymeren Vectra B 950 und Vectra L 950 wurde
mittels einer speziellen Doppel-Flachschlitzdlise am Hochdruckkapillarrheometer untersucht. Die Druckverluste
im konvergenten und divergenten trapezférmigen FlieRkanaliibergang zwischen den beiden Diisenabschnit-
ten, die durch mikroskopische Kriimungsverformungen in der nematischen Schmelze beeinflusst sind, wurden
ermittelt und mit den Druckverlusten von einem konventionellen Polymer Polystyrol (PS) mit flexiblen
Molekiilketten verglichen. Weiterhin bietet dieses Diisensystem die Moglichkeit fiir die Ermittlung der Dehn-
viskositdat anhand der Druckverluste im konvergenten trapezférmigen FlieRkanaliibergang. Die scherinduzierte
Mikrostruktur der beiden LCP-Schmelzen wurde unter dem Polarisationsmikroskop in Proben, deren Mikrostruk-
tur mittels der kiihlbaren Diise mit dquivalenter Diisengeometrie zu der Doppelflachschlitzdiise durch unter-
schiedliche Schergeschwindigkeiten erzeugt und durch schnelles Abkiihlen fixiert wurde, analysiert.

RESUME:

Le comportement en écoulement de 2 polyméres cristaux liquides (LCPs) commerciaux, noms de marché Vectra
Bgso et Vectra Lgso fournis par Ticana, a été étudié a I'aide d’un rhéometre capillaire équipé d’une fente double
spéciale. Les chutes de pression, dans le conduit en coin convergent et divergent entre les deux sections de fente,
qui sont influencées par les déformations dans les fondus nématiques, ont été déterminées et comparées avec
les chutes de pression d’un polystyréne conventionel possédant des chaines polyméres flexibles. De plus, la vis-
cosité en extension a été déterminée a partir de la chute de pression dans le conduit en coin convergent. Le déve-
loppement de la texture induite par le cisaillement, en fonction de la vitesse de cisaillement, a été étudié au
moyen d’une fente double qui peut étre rapidement refroidie et possédant la méme configuration d’entrefer
que la double fente utilisée pour la mesure de la viscosité. L'analyse structurale a été conduite a I'aide de la
microscopie en lumiére polarisée.

Key WoRrbps: liquid crystalline polymers (LCPs), capillary rheometer, convergent flow, shearinduced texture, pola-
rized light microscopy
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The texture development as a function
of shear rate for Vectra B 950 is shown in Fig. 12.
A worm texture is found for the plateau region
of the viscosity curve. Compared to the shear
thinningfirstregion, the reduction of size of dicli-
nation loops is clearly weaker. A new organiza-
tion of new defect nucleated fromthread texture
dominates here. It is obvious that the newly
emerging loops by reform of nucleated threads
aredistributed isotropicaly withregardtomacro-
scopic considerations. At high shear rate in the
pseudo-plasticthird region, an ordered texture is
visible.

4 CONCLUSION

Two commercial LC polymers of the Vectra fam-
ily (Vectra L 950 and Vectra B 950) were investi-
gated concerning their flow behavior and their
microstructure development as a function of
shear rate. LCP melts typically show a flow curve
with three regions, which relate closely to the
change of texture for respective shear rate
ranges. The high modulus LCP resin Vectra B 950
exhibits a more pronounced "three-region-vis-
cosity curve” than the more flexible low viscous
Vectra Lgso. The shear thinning flow behavior in
the first region at low shear rate corresponds to
the thread texture consisting of + 1/2 inte-
gertwist disclinations. This is especially pro-
nounced for the melt of Vectra B 950, for Vectra
L 950 the texture is finer. In the plateau region
for Vectra B 950, a worm texture is found and at
high shear rates in the pseudo-plastic third
region, the worm texture is changed into an
orderedtexture.Pre-shearing of both melts leads
to a narrower plateau region in the viscosity
curve (second region), and accordingly to a
decreasing viscosity in the pseudo-plastic third
region. Both LCP melts show an apparent geom-
etry dependence of the flow behavior due to
increasing viscosity with smaller gap size of the
rectangular slit dies. In contrary to conventional
polymers with flexible chains, the pressure drop
of LCP melt flowing through a convergent wedge
passage is clearly larger than the pressure drop
in divergent wedge passage because of the dif-
ference of their particular splay and twist curva-
turestrains. Comparison ofthe elongational flow
behaviour determined in the wedge passage, of
the shape of the plateau region, of the enhance-
ment of the pressure drop in convergent wedge
as well as of the shear induced texture for both
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LCP melt let to conclude that the mesogens of
Vectra B 950 are stiffer and less mobile than the
mesogens of Vectra L 950, and that the
anisotropic Frank elasticity represented by ratio
of the splay constant K}, to the twist constant K,

is considerably larger for Vectra B 950 than for
Vectra L g50.
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Figure 12: Shear induced
texture development
subjected to shear rates
for Vectra B g50 (between
crossed polarizers).
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