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Polymer-filler interaction in silicone elastomers
By Mary A. Krenceski, Anthony E.
Sullivan and Frances J.R. Lasowski

Executive summary

Momentive Performance Materials

Five filler-containing liquid silicone
rubber compositions and two high consistency rubbers were studied during
this investigation.
Each LSR contained nearly identical
components but were prepared in various mixing processes.
The HCR samples contained two different filler levels, but were prepared in
identical high-viscosity polymer mixers.
The uncured, formulated LSR A and B
components from each mixer were combined in a Hauschild SpeedMixer (Model: DAC 600FVZ) and stored in a freezer
at -40°C. Standard ASTM test slabs
were molded at 350°F for 20 minutes at
~15 tons of pressure.
Filler-free vinyl-PDMS control specimens were prepared in an open mold at
125°C for a minimum of 14 hours.
Low amplitude strain sweeps were
carried out in oscillatory shear in a TA
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Instruments Dynamic Mechanical Analyzer ARES-LS2 using TA Orchestrator
software.
The ramps were from 0.01 to 50 percent strain at frequencies of 1, 10 and
100 rad/s, and temperatures of 27°C,
50°C and 100°C.
An Instron tensile tester (Model 3345)
with Bluehill2 software was used for
high strain tensile hysteresis testing.
These consisted of 100 tensile loadingunloading cycles to a maximum extension of 250 percent elongation at a rate
of 200 mm/min. Genplot9 software was
used to calculate dissipated energy in
each testing cycle.
Select LSR samples were retested after conditioning at: 1) 80°C for 24 hours;
2) 85°C and 85 percent relative humidity for 24 hours and; 3) room tempera-

Silicone elastomer use in medical devices continues to expand with more
complex shapes and performance requirements.
The physical properties of cured silicones make them potentially suitable for
applications requiring not only flexibility and strength, but also the ability to
be formed into intricate shapes and survive high temperatures and sterilization
without deforming. Many applications for medical devices or disposable accessories made from silicone subject the part to cyclic force or stress.
The frequency, stress and strain of the cycle is dependent upon the use and
on the weight or load that is applied. Some examples include tubing in peristaltic drug delivery pumps, check valves, resuscitator bulbs, diaphragms and
prosthesis suction cups for limb attachment.
In these types of applications, the cyclical stress may be in a tensile, compressive, shear, flexural or torsional mode or, more likely, a combination of several
modes.
Silicone elastomers derive their mechanical integrity from a combination of
chemical crosslinking and filler reinforcement. It is critical that there is good
interaction between the polymer molecules and filler particles to optimize the
filler reinforcing effect.
The work presented in this study will focus on liquid silicone rubber compositions produced in various mixers and will include comparable high consistency
rubbers. All are addition-cured compositions.
Polymer-filler interactions were investigated using established low strain dynamic mechanical experiments in shear as well as high strain cyclical tensile
deformation on cured silicone specimens.
Boonstra et al.1 began studying the effects of filler loading on the bulk matrix
in silicones. Schatz and Vondracek2 continued the exploration of interactions
between fumed silica filler and silicone rubber.
To truly understand the reinforcement mechanisms of silica filler in the silicone matrix which brought about the hysteretic behavior observed by Harwood
and Payne3, Cohen-Addad et al.4 looked at the surface chemistry of the filler in
an attempt to identify the interaction with poly(dimethylsiloxane) chains. Although this mechanism is still not fully understood, several models have been
proposed describing the principal factors which govern the polymer-filler adsorption and interaction.5-8
ture for about nine months to determine
the extent of their recovery.

polymer containing filler are stretched
to a given elongation, then retracted,
subsequent elongation to the original

strain requires less force.
This is commonly observed in fillercontaining natural and synthetic rubbers and is known as the Mullins effect.12, 13
This can be a result of breaking particle-particle interactions, particle-polymer interactions or even rupturing of
polymer chains.
With greater filler loadings and higher initial stiffness, the observed “softening” is greater.
When interactions are disrupted, energy is dissipated within the matrix.10
The amount of energy lost can be estimated by calculating the area within the
stress-strain curve for a cycle of extension and retraction.
Fig. 4 shows a representative response for the investigated LSR’s of cycle one extension/retraction, cycle 2 and
cycle 100 after repeated extension to 250
percent.
There was significant energy loss in
the first cycle but significantly smaller
losses upon further cycling.
The energy dissipated after each cycle
was calculated for the LSR’s from five
different mixers and is shown in Fig. 5.
The curves converge into a similar response quite independent of the mixer
configuration. Most of the energy that is
lost in this cyclic deformation is dissipated within the first 10 cycles.
The secant modulus calculated at 250
percent elongation is shown in Fig. 6 for
select cycles. After cycle 1, there was
significant decay.
After about 10 cycles, the modulus decay diminished, and the modulus is more
stable and representative of the sample.
This technique can be utilized in qual-

Discussion
The testing that was carried out in
this study probed the viscoelastic response of the LSR and HCR candidates
to cyclical testing in shear and in tensile
deformations at frequencies that are
suggestive of those in medical device applications.
Low strain measurements were carried out at several frequencies.

Fig. 1. G’ versus strain of cured samples at 1 rad/s, 27°C.

Dynamic mechanical analysis
The response of shear storage (or elastic) modulus (G’) to strain is indicative
of the strength of filler-filler and, to a
lesser extent, polymer-filler interaction.
At increasing strain levels, filler-filler
interactions are broken as indicated by
the drop in the storage modulus.10, 11
The cured LSR compositions from each
mixer exhibited a constant G’ plateau
modulus of ~2 x 105 Pa at strain amplitudes up to ~1-2 percent followed by a
steady decrease with increasing strain.
The response of the specimens from
various mixers was quite uniform as
shown in Fig. 1.
The LSR storage modulus values were
insensitive to variation in frequency
(Fig. 2) and temperature (Fig. 3) unlike
previous data reported by Wrana11 for
filled natural rubbers. Full recovery of
G’ was observed in all filled samples
that were subjected to reverse strain
sweeps (50 to 0.01 percent strain) immediately following the initial strain
sweep.
A filler-free cured sample, included
for comparison, had a constant modulus
of ~104 Pa across the entire strain
sweep independent of temperature, typical of silicone behavior.

Hysteresis analysis
When samples of crosslinked silicone

Fig. 2. G’ vs. strain of the H4 mixer at 27°C for frequencies 1, 10, 100 rad/s.
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ity testing; modulus values are much
more reproducible after just 10 loading/unloading cycles than data from the
first cycle as is common practice.
The ability of the specimens to recover
dissipated energy was also investigated
and plotted in Fig. 7.
Samples retested after 24 hours at
80°C (dry) showed first-cycle dissipated
energy density values ~17-25 percent of
the original first cycle values.
Samples conditioned at 85°C/85 percent RH showed a slight increase in energy recovery compared to those heated
at 80°C (dry).
Samples left at room temperature
and humidity for nine months displayed
an overall additional increase in hysteresis.
The recovered energy decayed quicker to a final “equilibrium,” about equal
to the final values from the initial test-

ing.
The recovery observed likely resulted
from the restoration of some polymerfiller interactions; it is unlikely that
ruptured polymer chains would “heal.”
However, as seen by the accelerated
decay of both modulus and dissipated
energy density in the retested samples,
these recovered interactions were not
as strong or permanent as those initially observed in unconditioned samples.
Figs. 8 and 9 show data comparing
the response to high strain tensile loading/unloading for LSR and HCR samples of different filler content as indicated by Shore A hardness durometer
rating.
In Fig. 8, 70 Shore A durometer LSR
is compared to 50 Shore A LSR.
Fig. 9 shows nearly identical results
for 70 Shore A and 50 Shore A durome-

ter HCR.
As anticipated, with greater filler
loading and higher initial stiffness, the
observed “softening” is greater.12, 13
Fig. 10 is a comparison of an HCR
and LSR of the same durometer to show

how slightly different compositions behave.
All of the compositions show significant energy lost the first elongation cycle.
See Silicone, page 18

Fig. 6. Secant modulus at 250 percent of selected cycles in the hysteresis testing.

Fig. 3. G’ vs. strain (H3 @ 1 rad/s) for 27, 50 and 100°C.

Fig. 7a. Cycle 1 dissipated energy density comparison for the three recovery testing environments.

Fig. 4. Representative hysteresis stress-strain response of LSR for cycles 1, 2 and
100.

Fig. 5. Dissipated energy density, J/m3 vs. cycle number. Note scale change from
cycle 1 to cycles 20-100.
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Silicone
Continued from page 17

Conclusions
High quality liquid silicone and high
consistency rubber products are made by
Momentive Performance Materials that
see use in medical devices. In some applications, the device is subjected to cyclical
use in a variety of deformation geometries.
This cyclical “signal” probes the viscoelastic response of the silicone rubber.
Cyclical laboratory testing is also used
to evaluate polymer-filler interaction in a
fundamental way using carefully con-

trolled geometries, strains and frequencies.
Our work in polymer-filler interactions is helping to build a fundamental
understanding of how silicone rubbers
behave in similar cyclical applications of
medical devices.

Fig. 7b. Dissipated energy density, J/m3, vs. Cycle (cycles 2-100) of both the initial
hysteresis testing and subsequent retesting after heating at 80°C in a dry oven.
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Fig. 8. Representative stress-strain response for 50 and 70 Shore A durometer LSR
during Cycles 1 of hysteresis testing.

PRODUCTS
Maxelast says TPE ideal
for personal care items
Alliance Polymers and Services
L.L.C. is offering a low-cost grade
of Maxelast TPEs for toothbrush
handles and other personal care
item handles, made with thermoplastic elastomers from Polymax
Elastomer Technologies Co. Ltd.
The company touted the P2844
Series of Maxelast thermoplastic
elastomers as offering excellent
overmolding onto a polypropylene
base for handles that provide a
soft, comfortable ergonomic grip.
The TPE can also be used for
stand-alone applications.
APS is the exclusive distributor
of Maxelast TPEs in North America. Maxelast SEBS-based TPEs
are manufactured by Polymax.
For more information, visit
www.apstpe.com.

Fig. 9. Representative stress-strain hysteresis curves for Cycle 1 testing of 50 and
70 Shore A durometer HCR.

Rogers Corp. introduces
conductive foams line
Rogers Corp. High Performance
Foams Division has introduced Condux Plus electrically conductive
foam for handheld electronic devices.
Rogers touted the electrical conductivity, consistent mechanical
properties and electromagnetic
shielding capabilities, even in the
most complex, compact designs,
allowing them to serve as grounding pads for handheld devices.
Condux Plus materials is available in several different thicknesses (0.33, 0.53 and 0.73 mm).
Condux Plus materials are
RoHS and REACH compliant.
For more details, visit www.rogerscorp.com/hpf.

Fig. 10. Comparison of stress-strain response of 70 Shore A durometer HCR compared to 70 Shore A durometer LSR after the Cycle 1 of hysteresis testing.

