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ABSTRACT:

A newly designed and constructed sliding plate rheometer is used to measure the high frequency (210 Hz) lin-
ear viscoelastic properties of two model polymers: polybutene (PB) and polydimethylsiloxane (PDMS). Using
well-known rheological models, extrapolations of the viscoelastic measurements obtained on a rotational par-
allel plate rheometer to a frequency of 210 Hz are used to assess the performance of the high frequency sliding
plate rheometer. Good agreement between the extrapolated and measured data demonstrates the ability of
the sliding plate rheometer to measure the high frequency rheological properties of both Newtonian and shear-
thinning materials.

ZUSAMMENFASSUNG:

Ein neu entworfenes und konstruiertes Plattenrheometer wird verwendet, um die linear-viskoelastischen Eigen-
schaften von zwei Modellpolymeren bei hoher Frequenz (210 Hz) zu messen: Polybuten (PB) and Polydimethyl-
siloxan (PDMS). Mit Hilfe bekannter rheologischer Modelle wurde die Extrapolation auf eine Frequenz von
210 Hz von viskoelastischen Messungen verwendet, die mit einem Rotationsplattenrheometer erhalten wurden,
umdie Gute des Hochfrequenz-Plattenrheometers zu ermitteln. Die gute Ubereinstimmung zwischen den extra-
polierten und den gemessenen Daten verdeutlicht die Fahigkeit des Plattenrheometers, die rheologischen Eigen-
schaften bei hohen Frequenzen von sowohl Newtonschen als auch scherverdiinnenden Materialien zu messen.

RESUME:

Un nouveau rhéomeétre a plaque glissante a été concu et fabriqué pour mesurer les propriétés visco-élastiques
linéaires a haute fréquence (210 Hz) de deux polyméres: polybuténe (PB) et polydimethylsiloxane (PDMS). A I'ai-
de des modéles rhéologiques, les mesures visco-élastiques obtenues sur un rhéométré rotationel plan-plan ont
pu étre extrapolées a des fréquences de 210 Hz pour établir le bon fonctionnement du nouveau rhéométre. La
concordance entre les extrapolations et les résultats du nouveau rhéométre démontre sa capabilité de mesurer
les propriétés rhéologiques des fluides Newtoniens ou rhéofluidifiants.
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1 INTRODUCTION

The rheological behaviour of molten polymers is
of prime importance as it relates to their micro-
structure and governs their processing charac-

tial effects are known to become significant at
high frequencies [1—3]. Extension of the fre-
quency range to higher frequencies (= 30 Hz) by
means of time-temperature superposition (TTS)

teristics [1]. Rotational rheometers are routinely
used to characterize the linear viscoelastic prop-
erties of polymer melts through small amplitude
oscillatory shear experiments [1-3], and sliding
plate rheometers are used to measure the non-
linear viscoelastic properties polymer melts
using large amplitude oscillatory shear (LAOS)
measurements [4, 5].

The measurement of viscoelastic properties
using rotational and sliding plate rheometers is
generally limited to frequencies < 30 Hz as iner-
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is not always possible, especially for semi-crys-
talline polymers such as polypropylene, as the
highest frequency attainable in TTS is limited by
the melting point of the polymer [, 6].

In recent years, several high frequency rhe-
ologicaltechniques have been developedtochar-
acterize the linear viscoelastic behaviour of com-
plex fluids. Torsional resonators, like the ones
developed by Willenbacher [7] and Ballauff [8],
are capable of measuring in the kHz range, but
only at discrete frequencies. Optical microrheo-
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Figure 8 (left): parallel plate rheometer, indicate that PDMS is a

a) Storage modulus, G’, loss
modulus, G”, complex vis-
cosity, n*, and

b) loss tangenttan 6, as a
function of angular fre-
quency, w, for PDMS mea-
sured on the parallel plate
rheometer (filled symbols)
and HF-SPR (unfilled sym-
bols). Solid lines are the gen-
eralized Maxwell model
extrapolated to 210 Hz.

Figure 9:

Complex viscosity data as a
function of frequency for
PDMS measured on the par-
allel plate rheometer (filled
symbols) and the HF-SPR
(unfilled symbols). Solid line
is the Cross model extrapo-
lated to 210 Hz.

Table 1:

Discrete relaxation spec-
trum for PDMS

This is an

non-Newtonian material as n* displays shear-
thinning behaviour. Expansion of the frequency
range by time-temperature superposition was not
possible as the rheometers used in this work do
not have the capability to measure at the sub-
ambient temperatures required to reach the fre-
quency of interest. The low frequency G” and G”
data were fit with the generalized Maxwell model
[1], Egs. 19 and 20, where G, is the relaxation
strength, and A, is the relaxation time of Maxwell
elementsito N.The parameters (G, A,) were deter-
mined using a nonlinear optimization program
following the algorithm developed by Baumgaer-
tel and Winter [16]. Employing this program
results in the calculation of the least number of
(G, A) parameters (Parsimonious spectra). Excel-
lentagreementbetweenthe generalized Maxwell
model and the low frequency data (i.e. 0.12 t0 16
Hz) obtained on the parallel plate rheometer is
observed as shown in Figure 8. Table 1 shows the
discrete relaxation spectrum calculated for PDMS.

NG ()
o(e)-3.%! A';z
S (19)
()= NG (wh,)
i=1 1+(ou/\[)2
(20)

=
o (H)
i G; A
(Pa) (s)
1 29115 1.666 - 1073
2 582.8 1.863 - 1072
3 4.8 1.445 - 107"

The slight deviation between the G’ and G” val-
ues measured on the HF-SPR and the extrapola-
tions based on the generalized Maxwell model
extrapolations is believed to be due to the fact
that the generalized Maxwell model was fitted
using experimental data obtained from fre-
quencies of 0.12 to 16 Hz. One or more addition-
al Maxwell elements, which are not experimen-
tally accessible, would most likely be needed to
obtain good predictions at 210 Hz.

Asshownin Figure 9,the Cross model, Eq. 21,
was also used to extrapolate the low frequency
n* measurements obtained on the parallel plate
rheometer to a frequency of 210 Hz, where n* is
the complex viscosity, 17, is the zero-shear com-
plexviscosity, Ais the relaxation timeand nis the
power-law index [1].

gl
1+|)La)|

(21)

Good agreement between the Cross and gener-
alized Maxwell model extrapolations of the low
frequency parallel plate rheometer data and n*
measured on the HF-SPR, demonstrates the abil-
ity of the HF-SPR to measure the high frequency
viscosity of shear-thinning materials.

A significant limitation of the HF-SPR is its
inability to measure the viscoelastic properties of
polymer melts over a range of frequencies. As men-
tioned previously, the HF-SPR can only operate at
one frequency due to power restrictions of the
vibration welder. However, the intended use of the
HF-SPR is to measure the viscoelastic properties of
thermoplastic materials at the frequency and
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amplitudestypicallyemployedinvibration welding
(i.e. 210 Hz and 1 mm, respectively), to enable bet-
ter modelling of the vibration welding process. In
particular, the speed of the welding process is gov-
erned by the rate of viscous dissipation. Although
the measurements conducted herein were done at
ambientconditions,the HF-SPR can operate attem-
peratures as high as200°C[17]. Therefore, attempts
to expand the frequency range of the HF-SPR
through the use of TTS is possible.

5 CONCLUSIONS

A newly constructed high frequency sliding plate
rheometer (HF-SPR) was used to measure the high
frequency linear viscoelastic properties of poly-
mer melts. The capability of the HF-SPR to accu-
rately measure the high frequency viscoelastic
properties of Newtonian materials was demon-
strated by the good agreement obtained between
the viscoelastic properties measured for PB using
the HF-SPR and those extrapolated from low fre-
quency measurements obtained on a parallel
platerheometer. Althoughthe lowfrequency gen-
eralized Maxwell model extrapolations for PDMS
deviated slightly from the values measured for G’
and G” using the HF-SPR, the discrepancy is likely
due to uncertainty in the generalized Maxwell
model extrapolations rather than error in the
measured values. However, good agreement
between Cross model extrapolation and n* mea-
sured using the HF-SPR for PDMS demonstrated
the ability of the HF-SPR to measure the high fre-
quency viscosity of shear-thinning materials.
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