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

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 (LSR)
compositions produced in various mix-
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ers and will include comparable high
consistency rubbers (HCR). 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 al1, 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 rein-

Discussion

Executive summary
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.

el: 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
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

Fig. 1: G’ vs. strain of cured samples at 1 rad/s, 27°C. Note: Test data. Actual results may vary.

forcement mechanisms of silica filler in
the silicone matrix, which brought about
the hysteretic behavior observed by
Harwood and Payne3, Cohen-Addad et
al4 looked at the surface chemistry of the
filler in an attempt to identify the interaction with poly(dimethylsiloxane)
(PDMS) chains. Although this mechanism is still not fully understood, several models have been proposed describing
the principal factors that govern the
polymer-filler adsorption and interaction.5-8

Experimental
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 (Mod-

100 rad/s, and temperatures of 27°C,
50°C, and 100°C.
An Instron tensile tester (Model 3345)
with Bluehill2-brand 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; 3) room temperature for
approximately nine months to determine the extent of their recovery.

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.
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 moduSee Silicone, page 14
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lus 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
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 due to breaking particleparticle 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 LSRs of cycle
one extension/retraction, cycle 2 and cycle 100 after repeated extension to 250

Fig. 2: G’ vs. strain of the H4 Mixer at 27°C for frequencies 1, 10, 100 rad/s. Note:
Test data. Actual results may vary.

Fig. 3: G’ vs. strain of the H3 Mixer at 1 rad/s for 27, 50, 100°C. Note: Test data. Actual results may vary.

Fig. 4: Representative hysteresis stress-strain response of LSR for cycles 1, 2 and
100. Note: Test data. Actual results may vary.

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 LSRs 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 ~10 cycles, the
modulus decay diminished and the modulus is more stable and representative
of the sample.
This technique can be utilized in quality 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 firstcycle 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 9 months displayed an
overall additional increase in hysteresis.
The recovered energy decayed quicker to
a final “equilibrium,” approximately
equal to the final values from the initial
testing.
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.
Fig. 8 and Fig. 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 durometer
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.

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 controlled 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
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Fig. 8: Representative stress-strain response for 50 and 70 Shore A durometer LSR
during cycles 1 of hysteresis testing. Note: Test data. Actual results may vary.

Fig. 6: Secant modulus at 250 percent of selected cycles in the hysteresis testing.
Note: Test data. Actual results may vary.

Fig. 9: Representative stress-strain hysteresis curves for Cycle 1 testing of 50 and
70 Shore A durometer HCR. Note: Test data. Actual results may vary.

Fig. 7: Top: Cycle 1 dissipated energy density comparison for three recovery testing environments. Bottom: Dissipated energy density, J/m3, vs. Cycle (cycles 2100) of both the initial hysteresis testing and subsequent retesting after heating at
80°C in a dry oven. Note: Test data. Actual results may vary.
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Big move
Molder Eldon James consolidating
By Roger Renstrom
Plastics News

ANAHEIM, Calif.—Eldon James
Corp. is investing about $12 million
for a larger building, equipment, infrastructure and operational consolidation in Denver.
“We will be moving all five of our
extrusion lines and all 38 molding
machines to Denver,” said Marcia
Coulson, president and owner of the
maker of tubing and fittings, some
using thermoplastic elastomers.
Clamping forces of the injection
molding machines range from 30-150
tons, she said.
The manufacturer is consolidating
operations in 75,000 square feet in
Denver’s Stapleton business development area and moving from two other Colorado sites: 47,000 square feet
in Loveland and 9,000 square feet in
Fort Collins.
Eldon James displayed its capabilities with PVC-free tubing, fitting assemblies and antimicrobial coextru-

sion in its booth at the Medical Design and Manufacturing West trade
show in Anaheim from Feb. 12-14.
The firm uses a variety of materials
besides TPEs.
Many of the extruders and injection molding machines will operate
within a new 12,000-sq.-ft. clean
room, Coulson said.
Typical tubing sizes for Eldon
James range from 0.125-1.25 inch,
and “we can go up to four inches,” said
Marketing Manager Mark Timbrook.
Eldon James became certified under ISO 13485:2003 in 2012.
Eldon James entity Innovate Colorado L.L.C. is the owner of record
for Eldon James’ properties and, in
each case, leases the facility to the
corporation. Innovate Colorado purchased the Denver facility for $6 million from G.A. Wright Asset Management L.L.C. on May 15, 2012.
Eldon James employs about 50 and
opened a sales office in Stuttgart,
Germany, in August 2012.

Silicone Plastics’ Hadfield
realizes goal, buys firm
MILLVILLE, Utah—After seven
years serving as comptroller at Silicone
Plastics Inc., Brett Hadfield has realized
a dream. He now owns the company.
“It’s always been a dream of mine to
own and operate and build a business,”
Hadfield said.
“It wasn’t always a dream to be in
plastics, but since getting into it, I’ve
gotten excited about it and all its opportunities.”
Silicone Plastics offers custom injection molding, with 12 Toshiba presses
with 45-950 tons of clamping force, fullservice precision mold making and a
Class 100,000 clean room molding environment.
A large part of its business is in electronics, and the company also has customers in the food and beverage, appliance, medical and construction sectors.
Hadfield is a Millville native who
said he saw an opportunity to keep a local business local when previous owner
Steve Miller, who bought the business
in 1991, announced plans late last year
to resign and serve on a church mission.
The 49-person company has a handful
of its own products, including a line of
dairy makers made of silicone elastomer, mostly dairy milkers, the part of
a milking machine that attaches to the
cow’s udders.
The part has a silicone liner with a
plastic resin housing. They were designed in the early 1980s—hence the
company’s name, although it does little
silicone work these days.
“The majority of our business is that
we’re a for-hire custom molding shop,”
Hadfield said.
The majority of his customers are in
Utah, according to Hadfield, but in the
global economy, that doesn’t mean that
many of the company’s products stay instate.
“It’s business-to-business sales for the
most part. We have some customers
from outside the state, but a lot of our

work is for local business with different
end uses,” he said.
“One of our customers is just down the
road a few miles, but they sell their
product all over the world. So our parts
end up worldwide even though we’re
just shipping them down the road,” the
executive said.
The newly minted owner/operator’s
plans include some diversification into
even more markets.
However, Hadfield said his ultimate
goal is to add secondary operations, including assembly, direct shipping, putting together instruction manuals, packaging and whatever else a customer
needs.
“We would like to be not just a mold
shop, and more of a business partner,”
he said.
Expanding capabilities and providing
more services also would mean keeping
more business in the U.S., said Hadfield, who is out to prove to customers
that they don’t have to go overseas to get
their product to market in a fast and affordable way, without sacrificing quality
and precision.
“People thought they had to go to China to get a finished product, packaged
and ready to go,” he said.
“That takes about eight weeks. But a
U.S. company can actually be quicker to
market if they don’t have to go to China,
and we can be faster at solving problems, more nimble,” the Silicone Plastics
executive said.
Hadfield said when a customer considers the entire process, from the start
to shipping, the costs are comparable.
Making that pitch to customers—
landing accounts and making sales—is
one of the biggest changes in going from
employee to owner/operator, said Hadfield, who is becoming even more handson in his new role.
“I thought that I was involved in most
or all of the management decisions before, but I’m finding that when you’re the
one signing your name on everything, it’s
all a little different. I want to talk to
everyone about everything,” he said.
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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. Note:
Test data. Actual results may vary.

