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ABSTRACT:

A new pressure cell is described to measure the flow behaviour of polymer melts in dependence of temperature
and pressure. Special attention is laid on the construction and functionality of the pressure cell. The pressure
cell can be pressurized up to 120 bar and is heatable up to 260°C. As a measuring geometry a plate-plate-sys-
tem is used which is capable of characterising high viscous fluids. First results with high viscous silicone oil show
good agreement with known references in literature.

ZUSAMMENFASSUNG:

Es wird eine neuartige Druckmesszelle zur Messung der Materialeigenschaften von Kunststoffen in Abhangig-
keit der Temperatur und des Druckes beschrieben. Besonderes Augenmerk ist hierbei auf die Konstruktion und
Funktionsweise der Druckmesszelle gelegt. Die Druckmesszelle ist fiir Driicke bis 120 bar und Temperaturen bis
260°C ausgelegt. Als Messgeometrie wird ein Platte-Platte-System verwendet, womit es moglich ist, auch
hochviskose Fluide rheologisch zu charakterisieren. Erste Ergebnisse mit einem héher viskosen Silikondl zeigen
gute Ubereinstimmung mit bekannten Referenzlésungen.

RESUME:

Une nouvelle cellule de pression est décrite dans le but de determiner en function de la temperature et de la
pression les proprietés du matériaux plastipues. Une atteintion particuliére sera porté a la constrution et au de
functionement de lacellule de pression. Cette cellule de pression peut &tre pressére justqu’a 120 bar et chauffée
jusqu’a 260°C. L'utilisation du plaque-plaque-systéme pour la geometrie de mesure rend aussi possible la cha-
racterisation des fluides trés visqueux. Les premiers resultats obtenus a I'aide d’un fluide trés visqueux (silico-

1 INTRODUCTION

Laminar flow processes are of great practical rel-
evance in food technology, process engineering
and the chemical industry. In many fluids used
the viscosities are very high and often display
non-Newtonian characteristics, such as shear
thinning viscosity, elastic properties or normal
stress differences. The material is frequently
processed under a combination of high temper-
atures and great pressure. Thus, both tempera-
ture and pressure dependency is to be taken into
account in the rheological characterization of
polymer melts and high viscous silicon oils [1].
The material properties of the fluids are usu-
ally investigated under atmospheric conditions
with regardto their viscous and viscoelastic prop-
erties using different equipment. In particular,
the capillary rheometer and rotation rheometer,
in which the fluid is pressed through a capillary
or subjected to laminar flow [2], are used. For spe-
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ne pétrole) sont en bonne conformité avec les resultats tirés de la literature.
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cial cases other designs like torque rheometer [3]
and sliding plate rheometer [4—-6] are available.
Determining the dependencies of temperature,
especially for the area of polymer melts is state of
theartand easily possible with these rheometers.

Measuring the dependency of material prop-
erties on pressure is, however, possible only to a
limited extent with the usual rheometers. There
are studies in which polymer melts with dissolved
gases, so-called super-critical fluids, have been
investigated using capillary rheometers. The
shear thinning viscosities of PDMS [7] and poly-
styrol [8, 9] revealed clear dependencies on the
weight share of the carbon dioxide released. Adis-
advantage of this measuring method is that the
fluid in the capillaries is exposed to a clearly high-
erpressurethanthe pressureatthe end ofthe cap-
illaries and thus affects the result [10]. This is not
the case with rotation rheometers with concentric
cylinder measuring systems [11, 12]. The develop-
ment of such high-pressure Couette systems is so
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3 RESULTS
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Pressure shift factor for We use polydimethylsiloxane (PDMS) as a test

PDMS at 30°C, material
coefficient 8 = 0.0095.

Table 1:

Pressure dependence of zero
shear viscosity

This is an

fluid. This material is already fluid and highly vis-
cous in ambient temperatures. Comparative
measurements between the commercial rheo-
meter and the PC under atmospheric pressure
can be seen in Figure 10. For the plate-plate
geometry with a diameter of 25 mm and a plate
distance of 1mm the difference at a temperature
30°C is hardly detectable between the torques
measuredintherangeof 4103<y <o.1s".There
are corresponding differences for the viscosity
calculated in accordance with Equation 3. For
higher angle velocities and so also for higher
shear rates the agreement decreases: at y =
0.25 s'thedeviation increases to morethan17 %,
fory = 0.63s'thedifference amountsto as much
as 46 %. The large deviations of viscosity at high-
er shear rates and the associated early reduction
of the torque indicate that the gap is no longer
completely filled. For the optical checking of cor-
rect gap setting the previously mentioned endo-
scope can be used in order to monitor the plate
distanceduringameasurementonline. The mea-
surements shown here reproduce clearly the
dependency of the viscosities on the shear rate
in a range of over 2.5 decades. There is no correc-
tion of data for the plate-plate measuring geom-
etry for higher shear rate.
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The torque and the viscosity over the shear
rate depending on the pressure can be seen in
Figure 11. The torque and with it the viscosity
increase with increased pressure. The values for
zero shear viscosity under ambient pressure and
at different pressure-levels are shown in Table 1.
An exponential pressure function can be used to
describe the pressure shift factor a,

n,(p)

_ oPlPPo)
Un ( Po )

a,(p)
(4)

where B is a material-dependent pressure coeffi-
cient [12]. The best approximation of the experi-
mental data succeed with 5= 0.0095. InFigure 12
the factor is depicted above increasing pressure.
This behaviour is confirmed by [11] where the
pressure-dependent viscosity of PDMS, among
other things, was measured with a falling ball
rheometer. There results are also illustrated in
Figure 12 and show good agreement with our
experiments.

4 CONCLUSION

It has been possibletoshowthatthe newly devel-
oped and constructed pressure cell is suitable for
measuring high-viscous fluids. The investiga-
tions show that the temperature and pressure
inside the measuring cell are constant over any
period of time. The use of magnetic coupling for
contact-free transmission leads to a loss of pre-
cision in the case of low torques. The first inves-
tigations with the PC for the silicon oil PDMS
show a high level of conformity in the measuring
area investigated.

In additiontothe pressure-dependent shear
viscosities the viscoelastic parameters, such as
storage and loss module, are useful for the rhe-
ological characterization of PDMS. In the next set
of measurements the intention is to carry out
oscillatory tests under pressure. A further goal is
the investigation of plastics in the temperature
range from 180°C. In particular, there are plans

pxtract of the complete reprint-pdf, available at the Applied Rheology website
http://www.appliedrheology.org

Applied Rheology

Volume 20 - Issue 2



for measurements of melts using foaming
agents, which are required in the production of
micro-foams.
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