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ABSTRACT: In this contribution, the influence of the temperature on the mechanical behavior of a filled and
an unfilled silicone rubber was analyzed. Firstly, the crystallization and melting temperatures were deter-
mined by differential scanning calorimetry. Secondly, mechanical tests were carried out at different tempera-
tures above that of crystallization, up to 150°C. Results show that both silicone rubbers exhibit an entropic be-
havior in this temperature range. Thirdly, the temperature influence on the stress softening and mechanical

hysteresis is studied and analyzed.

1 INTRODUCTION

The easiness of cure and manufacture of silicone
rubbers explains their increasing use in many appli-
cations.

Classically, silicone rubbers are filled to increase
their stiffness. In this case, the mechanical response
is complicated, exhibiting numerous phenomena, as
non-exhaustively stress softening (Mullins, 1948),
Payne effect (Payne, 1962) and mechanical hystere-
sis. The mechanical response of filled and unfilled
silicone rubbers has already been characterized in
the literature at room temperature (Meunier et al.,
2008, Machado et al., 2010, 2012), but no study in-
vestigates the effects of temperature on the mechani-
cal response, while the large variety of applications
requires a large temperature range of use. Moreover,
the fillers and rubber matrix interactions are affected
by the temperature variation (Rothon, 2001), so it is
necessary to study both the filled and the unfilled sil-
icone rubbers.

This paper investigates so the temperature influ-
ence (above that of crystallization) on hyperelastici-
ty, stress softening and mechanical hysteresis. The
materials and experimental setup are given in Sec-
tion 2. Section 3 gives the results obtained for both

materials. The evolution of the various phenomena
involved in the deformation of silicone rubbers is
discussed in Section 4. Finally, concluding remarks
close the paper.

2 EXPERIMENTAL SETUP

2.1 Elaboration of the silicone rubbers

A similar elaboration process is used for the two
materials. Firstly, the uncured unfilled silicone RTV
141A (or RTV 3428A for the filled silicone) and
10/1 phr in weight of the curing agent RTV 141B for
the unfilled silicone (or RTV 3428B for the filled
silicone) are blended, and then degassed for 30
minutes in a vacuum chamber. The degassed liquid
is injected by the way of a medical syringe in a
closed mold to guarantee a constant thickness (2
mm) of the specimen. Finally, the material is cured
by putting the mold in an oven at a temperature of
70°C during 4 hours.

A second heating at 150°C during 3 hours is per-
formed on the unfilled silicone as it was not fully
cross-linked with the classical previous preparation.
More details about the cross-linking checks are pre-
sented in Rey et al. (2013).



2.2 DSC analysis

In order to define the crystallization and melting
temperatures of the two silicones, DSC (Differential
Scanning Calorimetry) tests are carried out.

A TA Q200 differential scanning calorimeter is
used to perform the DSC. A cooling is performed in
a temperature range between 0°C and -90°C, and
then the heating is carried out in the same tempera-
ture range. The cooling and heating rates are set to
2°C per minute. Specimens of 29 and 37 mg weight
are used for the unfilled and filled silicones, respec-
tively.
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Figure 1. Results of the DSC tests.

Figure 1 presents the results of the DSC. An ex-
othermal and an endothermal peak in the heat flow-
temperature curves are observed for the two materi-
als during cooling and heating respectively, corre-
sponding to the crystallization of some of the poly-
mer chains for the exothermal peaks and to the
crystallites melting for the endothermal peaks. These
temperatures are denoted respectively T, and Ty, in
the following, and their values are reported in table
1. These tests do not allow to determine glass transi-
tion temperatures for both materials, which occur at
temperature lower than -90°C. DTMA analyses con-
firming these results are presented in Rey et al.
(2013).

Silicone Crystallization Melting
temperature temperature
Unfilled -83°C -47°C
Filled -66°C -41°C

Table 1. Characteristic temperatures for the two silicone rubbers.

2.3 Mechanical tests

The RTV 3428 exhibits stress-softening, me-
chanical hysteresis and undergoes larger defor-
mations (Machado et al., 2010, 2012) whereas the
RTV 141 behavior is purely hyperelastic at room
temperature, with a stretch at failure close to 2
(Meunier et al., 2008).

Due to these differences, the mechanical tests
performed on both materials are different. for RTV
3428, it is necessary to perform several mechanical
cycles at increasing deformation. The mechanical
cycles are carried out from 2.25 to 3.5 stretch level,
with an increase of 1.25 stretch between each cycle.
These tests are performed with a strain rate equal to
1.67s, between -40°C and 150°C (-60°C is close to
T, for this material). For RTV 141, only one uniaxial
load-unload cycle at a stretch of 1.5 is performed,
with a strain rate of 1.67s™, at temperatures between
-60°C and 150°C.

3 TESTS RESULTS

The results obtained for the filled silicone are
presented in figure 2. First, a significant difference
between the load and unload curves is observed,
which forms a hysteresis loop. Moreover, a differ-
ence of stiffness is observed between the first and
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Figure 2. Cyclic strain-stress tensile test of the filled silicone
rubber at different temperatures.

the second loads at a same stretch level. This soften-
ing is one of the features of the Mullins effect (Mul-
lins, 1948). Second, for temperatures inferior to 0°C,
the material becomes stiffer when the temperature is
close to T.. For temperatures greater than 0°C, de-
spite a loss of material stiffness due to increasing
viscosity with increasing temperature, the material
becomes stiffer when the temperature increases,
meaning that the entropic effect is more significant
than the viscous one. It is to note that the test per-



formed at 150°C is not complete as the specimen
fails at about a stretch of 3.
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Figure 3. Tensile strain-stress curves at different tem-
peratures for the unfilled silicone rubber.

Figure 3 presents the results of uniaxial tensile
tests for the unfilled silicone. Except for a tempera-
ture equal to -60°C, the stiffness of the material in-
creases with increasing temperature. These curves
highlight the entropic behavior of the unfilled sili-
cone rubber for temperature far from T.. For temper-
ature close to T, typically -60°C, the material be-
havior remains entropic, but crystallites form in the
bulk material and act as fillers (Trabelsi et al., 2003,
Flory et al.,1947). Consequently, the material stiff-
ness increases, meaning that the effect of the crystal-
lization on the mechanical response of the material
is of the first order compared to that of entropy vari-
ation. It should be noted that the change in the elabo-
ration process, more especially the fact that the ma-
terial is fully cross-linked in the present study,
explains the differences with the results obtained in
Meunier et al. (2008).

4 DISCUSSION
4.1 Mullins effect

The unfilled silicone is not subjected to stress
softening, this is the reason why this analysis only
deals with the filled silicone. As classically observed
in the literature, our results show that the filled sili-
cone exhibits a stress softening that is mainly ob-
served between the first and second loads (Machado
et al., 2010). It has often been considered as a dam-
age phenomenon (Beatty and Krishnaswamy, 2000,
Chagnon et al., 2004, Diani et al., 2006).

In order to evaluate the stress-softening, several
methods can be used, among them that by Stevenson
et al. (2001). This method consists in calculating the
ratio between the energies brought during load and
unload. In the present study, we calculate the ratio
between the energies brought during second (W2L)
and first (W1L) loads. This method, which was pre-
viously proposed in (Machado et al., 2010), allows

to remove the effect of hysteresis on the calculation.
The measurement of energy is defined by:

W = [-7:dF (1)

where 7 is the nominal stress tensor and F is the de-
formation gradient tensor.

Figure 4 presents the evolution of this ratio for
different maximum stretch levels from 1.25 to 3.5
for a temperature range between -40°C and 150°C. It
appears that the energy loss increases with defor-
mation whatever the temperature is. The curves cor-
responding to 60, 100 and 150°C are confounded,
meaning that above 60°C, the stress softening evolu-
tion is not enough dependent on the temperature,
whereas below 60°C, the lower the temperature, the
higher the stress-softening. This means that the mac-
romolecular network is more sensitive to stress sof-
tening for low temperatures.
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different temperatures.

4.2 Mechanical hysteresis

For the filled silicone rubber, the hysteresis loop

is observed for stretch from 1.25 to 3.5. Figure 5

presents the hysteresis between the second load and

unload (W2L-W1U) versus the stretch. The hystere-

sis is observed during the second loads as during the
first ones the hysteresis can be confounded with the
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Figure 5. Energy corresponding to the hysteresis during
the second cycle for the filled silicone at different tem-
peratures.



Mullins effect, see Rey et al. (2013) for more details
about this phenomenon. As shown in this figure, the
hysteresis loop area increases with the stretch. It can
be observed that the higher the temperature, the low-
er the hysteresis loop area.

In unfilled silicone, mechanical hysteresis is only
observed for a maximum stretch reached equal to
1.5. For smaller stretch levels, it is not detected. Fig-
ure 6 gives the evolution of the hysteresis area be-
tween load W1L and unload W1U (W1L-W1U) ver-
sus the temperature for this maximum stretch level.
As shown in this figure, the hysteresis loop area is
quasi-constant for temperatures above 0°C. Howev-
er, for temperatures below 0°C, the hysteresis loop
area highly increases until the temperature reaches
Te.
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Figure 6. Energy corresponding to the loop of hysteresis
for the unfilled silicone for a strain of 50% at different
temperatures.

5 CONCLUSION

This study investigated the effects of tempera-
ture on the mechanical properties of filled and un-
filled silicone rubbers, especially on hyperelasticity,
mechanical hysteresis and stress softening. Results
show that the stabilized behavior of silicone rubbers
depends quasi-linearly on the temperature. This is
not true for the other phenomena. Typically in filled
silicone rubber, the magnitudes of hysteresis and
stress softening decrease with increasing tempera-
ture. Moreover, up to 60°C, the temperature does not
alter any more the stress softening. For these rea-
sons, the modeling of phenomena involved in the de-
formation of rubbers should account for the non-
linear dependence of these phenomena on the tem-
perature. Consequently, this study opens a new way
in the modeling of classical phenomena observed in
rubbers, more particularly in the modeling of the
Mullins effect, whose softening function should de-
pend on a decreasing and asymptotic function of the
temperature. Further work in this field is currently
carried out by the authors.
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