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Abstract:

The elongational flow of polymethylmethacrylate / nano-clay composites was studied during stressing and creep
experiments using a Münstedt tensile rheometer (MTR). The dispersion of the nano-clay was controlled by means
of transmission electron microscopy (TEM) and the layer distance was measured with X-ray diffraction (XRD).
With growing volume fraction of the filler an increase of the viscosity is observed under constant strain rate and
constant stress conditions. The results for the elongational viscosities for both modes are consistent with each
other. Furthermore, a strain softening behavior can be measured, which is the more pronounced the higher the
nano-clay content is. As the Trouton rule is not valid, deviations from the linear behaviour are related to an envo-
lope curve for the elongational viscosities instead of the threefold zero shear viscosity.

Zusammenfassung:

Die dehnrheologischen Eigenschaften von Polymethylmethacrylat/Schichtsilikat Nanokompositen wurden in
Spann- und Kriechversuchen mit einem Dehnrheometer nach Münstedt (MTR) untersucht. Die Verteilung des Füll-
stoffs wurde mittels Rasterelektronenmikroskopie überprüft und der Schichtabstand der Silikatplättchen mittels
Röntgendiffraktometrie (XRD) gemessen. Mit steigendem Füllstoffgehalt wird bei konstanter Dehnung bzw. kon-
stanter Spannung ein Anstieg der Viskosität beobachtet. Die Ergebnisse der Dehnviskositäten aus Spann- und
Kriechversuchen sind dabei auch quantitativ konsistent. Desweiteren führt die Füllstoffzugabe zu einem dehn-
entfestigenden Verhalten der Komposite, welches umso ausgeprägter ist, je höher der Schichtsilikatgehalt wird.
Da die Trouton Regel nicht angewendet werden kann, werden Abweichungen vom linearen Verhalten nicht auf
das Dreifache der Schernullviskosität, sondern auf die Einhüllende der Dehnviskositätskurven bezogen.

Résumé:

Le comportement mécanique sous écoulement élongationnel de nanocomposites de polyméthacrylate de
méthyle / silicates lamellaires a été étudié en mode écoulement et en mode fluage au moyen d’un rhéomètre
élongationnel de type Münstedt (MTR). La dispersion des nanoparticules de silicates a été contrôlée par
microscopie électronique à transmission (TEM) et la distance entre les lamelles a été mesurée par diffraction
de rayons X (XRD). Lorsque la fraction volumique des nanoparticules augmente, une augmentation de la vis-
cosité peut être observée, aussi bien à déformation constante qu’à contrainte constante. Les résultats de la
viscosité élongationnelle sont ainsi quantitativement consistants entre les deux modes. De plus l’ajout de sili-
cates fait apparaître un comportement d’adoucissement mécanique du composite, d’autant plus prononcé
que la fraction volumique des nanoparticules augmente. Comme la règle de Trouton n’est pas applicable, les
déviations par rapport au comportement linéaire sont à relier à la courbe enveloppant les viscosités élonga-
tionnelles et non pas au triple de la viscosité à gradient nul.
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The elongational and shear measurements were
repeated several times with different measuring
modes to eliminate any possibility of measuring
artefacts. As the viscosity of PMMA is very sensi-
tive to temperature changes, the temperature of
180°C was checked with an external temperature
sensor for the MTR and the ARES. To exclude any
temperature deviations PS 158K, as well a poly-
mer with a viscosity very sensitive to changes in
temperature, was measured with the same
apparatuses at the same conditions. Here the
Trouton-rule is valid as can be seen in Figure 10.
The envelope of the transient elongational vis-
cosity he

+(t) and the three-fold transient shear
viscosity h0

+(t) fit to each other. Linster and Meiss-
ner found similar results for PS 158K [17]. There-
fore, temperature mistakes can be excluded
when looking for the reasons for the deviation
from the Trouton rule.

It is furthermore conceivable that the sili-
cone oil in the oil bath of the elongational
rheometer diffuses into the polymer sample.
Here the oil molecules could act as plasticizer.
However, this would cause a decrease of the
elongational viscosity and therefore a factor for
the Trouton-rule below 3 and not above. 

As the incompressibility of a material is a
requirement for the Trouton-rule it was checked via
pvT-measurements if this is fulfilled for PMMA.
Within the experimental errors no compressibility
was found for a pressure range comparable to the
stresses applied in the elongational experiments.
Therefore, it cannot be clarified why there is a devi-
ation for the Trouton rule for the unfilled PMMA. In
Figure 11 and 12 the transient elongational viscosi-
ties and the transient shear viscosities are plotted
for highly filled polymer / nano-clay composites. For
the PMMA / nano-clay composites and the PS /
nano-clay composites the Trouton-rule is not valid.
For the PMMA / nano-clay composite with a volume
fraction of 8.9 % clay the transient enveloping elon-
gational viscosity he

+(t) is 10 times higher than h0
+(t),

for the PS / nano-clay composites with a volume
fraction of 4.8 % of clay it is 3.5 times the transient
shear viscosity h0

+(t).
A deviation from the Trouton-rule for filled sys-

tems is described in literature several times. Taka-
hashi et al. [8] observed a deviation from the Trou-
ton-rule for LDPE filled with anisotropic glass fibres
and explained it by the different orientation of glass
fibres in elongational and shear samples. The devi-
ation from the Trouton-rule for polymer / nano-clay

composites could similarly be attributed to the dif-
ferent orientation of clays in elongational and shear
samples as described in Figure 1. There is an align-
ment of clay in extrusion direction in elongational
samples whereas the distribution in the shear sam-
ples is random. 
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Figure 12:
Transient elongational and
shear viscosity of PS / 4.8
vol% nano-clay at 180°C.
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