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1 INTRODUCTION 

Blends containing small amount of liquid crys-
talline polymers (LCP) in a flexible matrix are of
industrial and academic interests because the LCP
can lead to easier processing and enhanced
mechanical properties [1, 2, 3]. Addition of com-
patibilizer has been found to improve the disper-
sion of the LCP phase and in some cases enhance
the final mechanical properties of the blend sys-
tems. Better dispersion of LCP in the matrix
through incorporation of a compatibilizer was
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expected to be due the reduction of interfacial ten-
sion. Datta and Baird [4] and O’Donnel and Baird
[5] used a maleic anhydride grafted polypropylene
as a compatibilizer for polypropylene/LCP blends
and found an improvement in the modulus of up
to 30 %. Bualek-Limcharoen et al. [6] observed a
significant improvement in Young’s modulus and
impact strength of in-situ composites comprising
LCP and PP using a tri-block copolymer of styrene
(ethylene-butylene) styrene (SEBS), as a compati-
bilizer. Wanno et al. [7] studied the performance

Abstract:

The effect of classical compatibilizers and silica fillers, which are a new potential type of compatibilizers, on the
rheological properties of PP/LCP blends was investigated. The frequency sweep, shear stress growth and stress
relaxation upon cessation of steady shear were performed to probe the effect of the interfacial modification
and the role of silica, on the rheological behaviour of the blend. It was found that SEBS-g-MA improves the inter-
facial interaction more than SEBS due to the possible chemical bonding between maleic anhydride groups and
LCP chains. The results showed while the hydrophilic silica fills both matrix and the LCP dispersed phases, the
hydrophobic silica has some compatibilizing effect on PP/LCP blend samples. 

Zusammenfassung:

Diese Studie befasst sich mit dem Einfluss von klassischen Kompatibilisatoren und Silika-Füllstoffen, die einen
neuen potentiellen Typ von Kompatibilisatoren darstellen, auf die rheologischen Eigenschaften eines PP/LCP-
Blends. Frequenz-Sweeps, Spannversuche in Scherung und Spannungsrelaxationsexperimente nach Scherung
wurden durchgeführt, um den Einfluss der Grenzflächenmodifikation und die Rolle von Silika auf die rheologi-
schen Eigenschaften des Blends zu untersuchen. Die Untersuchungen zeigten, dass SEBS-g-MA die Grenz-
flächenanbindung stärker als SEBS verbessert, möglicherweise aufgrund der chemischen Bindung zwischen den
Maleinsäureanhydridgruppen und den LCP-Ketten. Während das hydrophile Silika sowohl die Matrix als auch
die disperse Phasen der LCP-Komponente füllt, besitzt das hydrophobe Silika eine kompatibilisierende Wirkung
auf das PP/LCP-Blend. 

Résumé:

L’effet d’additifs classiques et de charges de silice, qui représentent potentiellement un nouveau type d’additifs
pour rendre compatibles des mélanges de polymères, sur les propriétés rhéologiques de mélanges PP/LCP a été
étudié. Des balayages en fréquence, des montées en contrainte de cisaillement et des relaxations de contraintes
après cessation de cisaillement en régime établi ont été effectués afin d’explorer l’effet de la modification de
l’interface et le rôle de la silice sur le comportement rhéologique du mélange. On a trouvé que le SEBS-g-MA
améliore l’interaction à l’interface encore mieux que le SEBS. Ceci est du à de possibles liaisons chimiques entre
les groupes d’anhydride maléique et les chaînes de LCP. Les résultats montrent que la silice hydrophobe a un
effet de liant sur les échantillons de mélanges PP/LCP, tandis que la silice hydrophile remplit à la fois la matrice
et la phase dispersée de LCP.
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was performed for all samples and it was found
that in all cases the intercept values for first and
second stress relaxation occurs at the same time
(Table 3). These results show that before cessa-
tion of steady shear flow in the first and second
steps, the microstructures controlling this relax-
ation are the same. The higher shear indepen-
dent relaxation time of SEBS-g-MA compatibi-
lized blend compared to SEBS compatibilized
blend, the lower shear independent relaxation
time of PP/LCP/m-Silica in comparison to un-
compatibilized blend, slower relaxation process
(lower slope of curve) in second step for all blend
samples, and also preceding stress growth
results, all support this shear independent relax-
ation as drop shape relaxation rather than a
nematic structure relaxation. In other words, as
the structure of a nematic phase is dependent to
the shear rate [25], the intercept of the relaxation
curves and their slopes can be respectively relat-
ed to drop shape and phases relaxations; and the
differences between the relaxation processes in
first and second steps is due to the different
extents of nematic phase orientation.

During the interfacial relaxation process,
the interfacial tension leads to long time relax-
ation processes which also affect the storage
modulus in the low frequency region (Figure 4).
These long time relaxation processes are associ-
ated with the mechanical relaxation of the dis-
persed phase [31]. The important physical para-
meters governing the relaxation processes are

the viscosity ratio k, the particle radius R, the
equilibrium interfacial tension g°, and the matrix
viscosity hm. The relaxation time lD for the drop
shape is given by the following relation [32]:

(8)

The observed differences between shear inde-
pendent relaxation times can be easily described
by considering the reduction of both interfacial
tension and droplet size in the presence of com-
patibilizer, and also the change in the viscosity in
some cases as discussed before.

4 CONCLUSION

The results showed that melt linear viscoelastic
properties and transient rheometry can be used
in order to probe the effects of interfacial modi-
fication on polymer blends. It was found that
SEBS-g-MA is more efficient in compatibilizing
PP/LCP blend than SEBS, and while hydrophilic
silica disperses in both matrix and LCP droplets,
the hydrophobic silica compatibilizes the blend.
The two step start-up/relaxation experiments
demonstrated that although the droplet defor-
mation and orientation are weak in these blend
samples, the nematic orientation takes place
irreversibly and shows a secondary stress growth
only in first start-up step. Finally, the single inter-
cept of stress relaxation curves at different shear
rates is associated with a shear independent
relaxation time of blend samples which can be
originated from drop shape relaxation rather
than a nematic structure relaxation.
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Figure 9:
Stress relaxation upon ces-
sation of steady shear flow
after: (a) first, and (b) sec-
ond steps.

Table 3:
Shear independent relax-
ation times obtained from
first and second stress relax-
ation steps.

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org



lene with two liquid crystalline polymers, Poly-
mer 36 (1995) 505-514.

[5] O’Donnell HJ, Baird DG: In situ reinforcement of
polypropylene with liquid-crystalline polymers:
effect of maleic anhydride-grafted polypropy-
lene, Polymer 36 (1995) 3113-3126.

[6] Bualek-Limcharoen S, Samran J, Amornsakchai T,
Meesiri W: Effect of compatibilizers on mechan-
ical properties and morphology of in-situ com-
posite film of thermotropic liquid crystalline
polymer/polypropylene, Polym. Eng. Sci. 39
(1999) 312-320.

[7] Wanno B, Samran J, Bualek-Limcharoen S: Effect
of melt viscosity of polypropylene on fibrillation
of thermotropic liquid crystalline polymer in in-
situ composite film, Rheol. Acta 39 (2000) 311-319.

[8] Lipatov YS: Polymer reinforcement. Toronto,
Canada: ChemTec Publishing; (1995).

[9] Zhang Q, Yang H, Fu Q: Kinetics-controlled com-
patibilization of immiscible polypropylene/poly-
styrene blends using nano-SiO2 particles, Poly-
mer 45 (2004) 1913-1922.

[10] Ray SS, Pouliot S, Bousmina M, Utracki LA: Role
of organically modified layered silicate as an
active interfacial modifier in immiscible polysty-
rene/ polypropylene blends, Polymer 45 (2004)
8403–8413.

[11] Elias L, Fenouillot F, Majeste JC, Cassagnau Ph:
Morphology and rheology of immiscible polymer
blends filled with silica nanoparticles, Polymer 48
(2007) 6029-6040.

[12] Lee MW, Hu X, Yue CY, Li L, Tam KC, Nakayama K:
Novel approach to fibrillation of LCP in an LCP/PP
blend, J. Appl. Polym. Sci. 86 (2002) 2070-2078.

[13] Zhang L, Tam KC, Gan LH, Yue CY, Lam YC, Hu X:
Effect of nano-silica filler on the rheological and
morphological properties of polypropylene/liq-
uid-crystalline polymer blends, J. Appl. Polym. Sci.
87 (2003) 1484-1492.

[14] Sumita M, Sakata K, Asai S, Miyasaka K, Naka-
gawa H: Dispersion of fillers and the electrical
conductivity of polymer blends filled with carbon
black, Polym. Bull. 25 (1991) 265-271.

[15] Wu S: Polymer interface and adhesion, New York,
Marcel Dekker (1982)

[16] Ou YC, Yu ZZ: Effects of alkylation of silica filler
on rubber reinforcement, Rubber Chem. Technol.
67 (1994) 834–844.

[17] Elias L, Fenouillot F, Majeste JC, Martin G, Cas-
sagnau Ph: Migration of nanosilica particles in
polymer blends, J. Polym. Sci. Part B: Polym. Phys.
46 (2008) 1976-1983.

[18] Aranguren MI, Mora E, DeGroot JV, Macosko CW:
Effect of reinforcing fillers on the rheology of
polymer melts, J. Rheol. 36 (1992) 1165-1182.

[19] Manas-Zloczower I, Tadmor Z, eds.: Mixing and
Compounding of Polymers- Theory and Practice,
Hanser, New York (1994).

[20] Taylor GI: The Formation of Emulsions in Defin-
able Fields of Flow, Proc. R. Soc. A 146 (1934) 501-
523

[21] Ding Y, He J, Zhang J, Liu C, Chen P, Zheng B: Rhe-
ological hybrid effect in nylon 6/liquid crystalline
polymer blends caused by added glass beads, J.
Non-Newtonian Fluid Mech. 135 (2006) 166-176.

[22] Iza M, Bousmina M, Jérôme R: Rheology of com-
patibilized immiscible viscoelastic polymer
blends, Rheol. Acta, 40 (2001) 10-22.

[23] Asthana H, Jayaraman K: Rheology of Reactively
Compatibilized Polymer Blends with Varying
Extent of Interfacial Reaction, Macromolecules 32
(1999) 3412-3419.

[24] Pisharath S, Hu X, Wong SC: Rheology-morpho-
logy relationships in nylon-LCP hybrid composites,
Composites Sci. Technol. 66 (2006) 2971–2979.

[25] Tjong SC: Structure, morphology, mechanical and
thermal characteristics of the in situ composites
based on liquid crystalline polymers and ther-
moplastics, Mater. Sci. Eng. R: Reports 41(2003)
1–60.

[26] Shenoy AV: Rheology of filled polymer systems,
Kluwer Academic Publishers, Dordrecht, Nether-
land (1999).

[27] Chopra D, Kontopoulou M, Vlassopoulos D,
Hatzikiriakos SG: Effect of maleic anhydride con-
tent on the rheology and phase behavior of
poly(styrene-co-maleic anhydride)/poly(methyl
methacrylate) blends, Rheol. Acta 41(2002) 10-24.

[28] Ajji A, Choplin L, Prud‘homme RE: Rheology of
polystyrene/poly(vinyl methyl ether)blends near
the phase transition, J. Polym. Sci. Part B: Polym.
Phys. 29 (1991) 1573-1578; ibid. 26 (1988) 2779.

[29] Comas-Codorna S, Tucker C.L: Measurements of
droplet deformation in simple shear flow with
zero interfacial tension, J. Rheol. 45 (2001) 259-
273.

[30] Vinckier I, Mewis J, Moldenaers P: Stress relax-
ation as a microstructural probe for immiscible
polymer blends, Rheol. Acta 36 (1997) 513-523 

[31] Scholz P, Froelich D, Muller R: Viscoelastic Prop-
erties and Morphology of Two-Phase Polypropy-
lene/Polyamide 6 Blends in the Melt. Interpreta-
tion of Results with an Emulsion Model, J. Rheol.
33 (1989) 481-499.

[32] Graebling D, Muller R, Palierne JF: Linear vis-
coelastic behavior of some incompatible polymer
blends in the melt. Interpretation of data with a
model of emulsion of viscoelastic liquids, Macro-
molecules 26 (1993) 320-329.

12218-9 Applied Rheology
Volume 20 · Issue 1

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

This is an extract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org


