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Abstract

The effect of aging on the mechanical properties of silicone rubber (SR) was inves-
tigated by means of ultrasonic, dynamic mechanical analysis, and FTIR techniques.
Both longitudinal and shear (Ultrasonic wave velocities) were measured at room
temperature and at frequencies of 2 MHz. Density, molar volume, ultrasonic wave
velocities, tensile strength, mechanical properties, and FT-IR showed the improve-
ment of the silicone rubber network with aging time from 0 to 70 days, while loos-
ening of the network structure was observed at 14 days and 50 days aging. These
behaviours were explained in terms of the change in cross-link density and average
stretching force constant of bonds with aging. Thermogravimetric analysis and dif-
ferential scanning calorimetric techniques showed quite low thermal stability and
temperature performance for aged SR at 14 and 50 days than virgin SR which was
confirmed by the cracks and voids appeared under scanning electron microscope.
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Introduction

Silicone rubber (SR) is one of the most common semi-organic synthetic polymers
known as silicones that look and feel like organic rubber and has completely differ-
ent types of structures than other elastomers [1-9]. The backbone of the elastomer
is not a chain of carbon atoms but an arrangement of silicone and oxygen atoms.
This structure gives a very flexible chain with week inter-chain forces. This accounts
for the remarkable small change in dynamic characteristics over a wide range of
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temperature. They show no molecular orientation or crystallization on stretching
and are strengthened by reinforcing materials. However, SR is usually preferable in
high-temperature applications, due to the high thermal stability of poly (dimethyl-
siloxane) (PDMS) and their resistance toward the oxidative degradation. Moreover,
silicone elastomers have excellent chemical resistance, thermal and environmental
stability over wide temperature range with a good degradation resistance against UV
exposure and extreme temperatures [10, 11].

A.N. Chaudhry et al. studied the effect of aging on compression set behavior of a
room temperature vulcanized PDMS foam and some initial studies of the oxidation
at high temperatures. They reported that chemi-luminescence is the most sensitive
method to monitor thermo-oxidative degradation which also shows that PDMS is
extremely stable compared to hydrocarbon polymers [12].

Skinner and Patel reported that SR aged in a closed system was softened with
time, while air aged samples did not show the same behavior. They proposed that
the resulting compression set is due to hydrolysis of PDMS. However, polysilox-
anes are stable materials with good resistant to general oxidative and thermal aging
environments. Particularly, SR retains their mechanical properties and elasticity over
wide temperature ranges from —50 to+75 °C. This stability candidates them for a
special use in commercial and military aircraft in gaskets and sealing rings for seal-
ing strips, ducting, vibration dampers, jet engines and insulation equipment [13].

Silicone rubber (SiR), a crucial inorganic polymer for electrical insulation, under-
went several aging treatments by Takuya Kaneko et al. [14]. Following that, the
SiR sheets were investigated using nuclear magnetic resonance, indenter modulus,
terahertz (THz) absorption spectroscopy, and IR absorption spectroscopy. As a con-
sequence, it has become evident that three different degradation pathways for SiR
manifest themselves depending on the state of aging. Cross-linked structures mostly
occur when SiR is aged thermally. On the other hand, if SiR is gamma irradiated at a
normal temperature, the oxidation of cyclic siloxane at the surface is evident.

Based on the terahertz frequency band vibration properties of silicone rubber
materials, a unique high accuracy non-destructive characterization approach was
utilized by Li Cheng et al. [15] for which aging of organic materials has been devel-
oped. The origins of vibration peaks in the THz band absorption spectra of aged
silicone rubber are examined via acceleration test, microscopic characterization,
and molecular modeling in order to assess and validate the methodology suggested
in this work. Finally, a quantitative calculation technique and the typical peak fre-
quency of old silicone rubber are discovered. In comparison with previous aging
tests, this technique has the benefit of not causing sample damage and eliminates
the drawbacks of the current THz assay, which necessitates testing in a nitrogen
environment.

To our knowledge, this is first time to characterize the mechanical properties of
silicon rubber using different parameters of ultrasonic techniques. In this paper, the
longitudinal and shear ultrasonic wave velocities were measured, and the elastic
properties of the silicone rubber were then determined by the tests of static tensile,
mechanical dynamic and the ultrasonic. During the aging time from 0 to 70 days,
the elastic properties were also determined. Additionally, this paper attempts to cor-
relate between the change in density, molar volume, ultrasonic wave velocities and
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elastic properties to the anticipated structural changes in the silicone rubber network
using FTIR spectroscopy.

Materials and methods

The silicone rubber used in this study was supplied by Pharaoh Co., Egypt. The
rubber was mixed with 5 wt% ZnO, 1 wt% stearic acid, 20 wt% silica and 0.8 wt%
dicumyl peroxide. Mixing was accomplished on a laboratory two-roll mill; 170 mm
diameter and 300 mm working distance at a friction speed ratio of 1:1.4. Nextly, the
curing characteristics of the rubber mixes were determined at 150 C according to the
technical procedures of ASTM D 2084-07. Test specimens were taken and the rest
of the batch passed through the mill into sheets of 6 mm thick and removed from
and set for one day at 25 °C at relative humidity of 45% to complete curing process.
The curing was carried out using the oscillating disk rheometer, MRD 2000, Alpha
Technology, UK. All samples were cut with the slandered specimens for mechanical
measurements.

FTIR spectra of SR were recorded at wave number range between 200 and
4000 cm™! with a resolution of 2 cm™' using JASCO, FT/IR-430 spectrometer
(Japan). The infrared spectra were corrected for the dark current noises and normal-
ized to eliminate the concentration effect of the powder sample in the KBr disk. The
thermal degradation and differential analysis were studied using the PerkinElmer
thermogravimetric analyzer. The morphology was analyzed by scanning electron
microscopy (SEM, Quanta FEG 250, FEI, Republic of Czech). For the measurement
of mechanical properties as tensile dumbbell specimens were cut from the 2 mm
thick sheets and tested by tensile testing machine (Model Z010, Zwick, Germany)
at a temperature of 23 +2 °C and a crosshead speed of 500 mm/min according to
ASTM D412. The samples were aged in an air circulating oven for different time
durations 0, 2, 4, 7, 14, 20, 30, 40, 50, 60 and 70 days, while the dynamic mechani-
cal analysis (DMA) was carried out on Q800 (TA instruments) by the stress-/strain-
controlled force mode and the tension clamp. The sample dimensions were set to
20 mm long, 6 mm wide and 2 mm thick. The hardness of the silicon rubber sam-
ples was measured using shore A hardness tester (Zwick 3150, Germany). The den-
sity (p) of all silicone rubber samples was calculated employing Archimedes princi-
ple using toluene as immersion liquid and applying the relation [16, 17];

Wa
<o) o

where p,, is the density of the buoyant, W, and W, are the sample weights in air
and the buoyant, respectively. The experiment was repeated three times with an
error in density measurement which in all silicone rubber samples is + 1 kg/m>. The
molar volume (V) has been also calculated as (M/p) with accuracy +0.04 (m*/mol),
where M is the molar weight of the polysiloxane rubber. The ultrasonic wave veloci-
ties measurements were carried out applying pulse — echo technique by measuring
the elapsed time between the initiation and the receipt of the pulse appearing on
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the screen of a flaw detector (USM3-Kraiitkramer) using standard electronic circuit
(Hewlett Packard 54615 B). Therefore, the velocity was calculated by dividing the
round-trip distance by the elapsed time according to the relation [18];

2

= A @)

where x is the sample thickness and At is the time interval. All velocity measure-
ments in this study were carried out at 2 MHz frequency and at room temperature
298 K. The estimated error in velocity measurements was=+ 1 m/s for longitudinal
wave velocity and +2 m/s for shear wave velocity. The attenuation coefficient (a) is
then calculated from the following equation [19]:

20log (1, /1,)
0=—">"

3
5 3

where [; and [, are heights of two successive echoes appeared on the cathode ray
oscilloscope. The estimated accuracy of ultrasonic attenuation is about+0.3 dB/cm.
Also, Elastic moduli (shear (G) and Young’s (E)), micro-hardness (H), longitudinal
modulus (L), as well as Poisson’s ratio (o) of polysiloxane rubber with aging time
from O to 70 days have been determined from the measured ultrasonic velocities and
density using the relations [20];

L:pUl2
G=pUS2
E=(+0)2G
6:<(L—2G)> @
2(L-G)
(1 - 20)E
T 6(l+0)

Results and discussion

The density and molar volume of solid materials depend on many factors such as
coordination number structure, cross-link density, and dimensionality of interstitial
spaces [21]. Experimental values of density (p) and molar volume (V,,) with aging
time are shown in Fig. 1. The density values were found to increase from 1295 to
1315 (kg/m®) with aging time from 0 to 70 days. Two distinct minima were observed
at 14 and 50 days. Otherwise, the values of molar volume of SR were decreased
from 57.92 to 57.03 (m*/mol) with two maxima at 14 and 50 days. As can be seen
from Fig. 1, these behaviors are due to the improvement of the dimensionality of
polysiloxane rubber structure with aging time from O to 50 days. However, both the
two minima and maxima in the behaviors of density and molar volume, respectively,
at 14 and 50 days, can be returned to the increase in voids in the polymer network
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Fig. 1 Dependence of density and molar volume of silicone rubber with aging time

structure and hence the decrease in the cross-link density (as seen in Table 1)
which means degradation of the polymer at the aging times of 14 and 50 days. The
mechanical properties of SR here were evaluated by different techniques. Among
these techniques are static tensile tests, dynamic mechanical tests and by the ultra-
sonic measurements.

Figure 2a shows the relationship between the tensile strength obtained by static
tests and the different aging times. It is clear from the figure that there is a sharp
decrease in tensile strength values at 14 days aging and on further increase in the
aging time up to 20 days, there is an increase in the tensile strength and remains
nearly constant up to 70 days aging except at 50 days aging there is again a small
decrease in the tensile strength. The sudden decrease in tensile strength happened at

Tl Reproentionof @ WS A W) GR A

ultrasonically, ha.rdness sl}ore A [days]

(H,), and cross-link density (N.)
0.501+0.012 60.3+0.8 0.0361 +0.0002 0
0.501+0.018 80.6+0.8 0.0367 £0.0003 2
0.498 +0.012 81.4+0.8 0.0368 +0.0003 4
0.520+0.012 78.4+0.8 0.0385 +£0.0002 7
0.426+0.010 78.2+0.8 0.0313+0.0003 14
0.514+0.012 81.9+0.8 0.0383 +0.0002 20
0.511+0.012 80.5+0.8 0.0386 +£0.0002 30
0.514+0.012 81.2+0.8 0.0388 +0.0002 40
0.459+0.016 79.9+0.8 0.0344 £0.0003 50
0.578+0.014 87.7+0.8 0.0435 +£0.0002 60
0.660+0.017 89.2+0.8 0.0491 £0.0002 70
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Fig.2 Variation in a Tensile strength and b elastic modulus (M), Loss modulus (M"), and complex mod-
ulus (M*) of silicone rubber with aging time

14 days and 50 days aging, may be due to some damage occurs in the delayed cross-
links formed during thermal aging [22, 23]. The relationship of the calculated elastic
modulus (M) from the static tensile measurements, loss modulus (M"), and complex
modulus (M*) of silicone rubber with aging time and aging time is shown in Fig. 2b.
It can be noticed that there is a similar trend as shown in Fig. 2a, b, i.e., there is a
noticeable decrease in the elastic modulus values at 14 days and 50 days aging.

The modulus of a material is defined as the overall resistance of the substance to
deformation. Polymers display two sorts of behaviors during their transition from
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the glassy state to the rubbery state and then to the viscous state, whereas one type
of behavior predominating during each transition state. The viscous reaction, or
loss as a result of applied stress over strain, is denoted by loss modulus (M), which
denotes the material’s ability to store and dissipate energy as heat, respectively. The
phrase complex modulus M* refers to the sum of real and imaginary modulus’s
components.

The variation in the storage modulus (M') and the loss modulus (M) was stud-
ied in this investigation as a function of aging time (cross-linking time), while fre-
quency remains constant. Trends in the variations in storage and loss moduli at vari-
ous aging times are somewhat boosted. The results showed that under fixed shear
oscillation frequency and shear stress, the storage modulus M’ steadily increased,
corresponding to the creation of internal cross-linking. In actuality, the apparent loss
of aged silicon rubber increases with aging time due to a rise in cross-linking gen-
erated during aging under temperature, which leads to the strengthening of these
cross-links. As a result, molecular mobility along the rubber macromolecular chain
is significantly hampered, causing modulus to rise. On the other hand, it was noticed
that the value of M’ and M" has dropped in a significant days and in sequence in
M* value, which could be attributed to the formation of some cracks and voids as
confirmed by the micrographs taken throughout SEM images, causing an increase
in free volume, which causes the sample’s glass transition temperature to move
toward the low temperature of lower stiffness and strength. Since the loss factor is
the ratio of the energy dissipation modulus to the storage modulus, it can be noticed
that the sample’s loss modulus decreases faster during the aging process, implying
that the rate at which molecules cross-link during post-solidification and oxidation
is faster than the unwinding speed of molecular chains. Furthermore, the drop in
storage modulus of the rubber may be linked to that rubber being entangled at this
stage of aging, resulting in a decrease in the strength of the rubber and a decrease
in the modulus. [24], whereas complex modulus is the sum of real and imaginary
modulus’s components so that it showed the same behavior of both M’ and M" for all
aging days.

The term ultrasonic attenuation is used throughout to mean the quantified energy
losses after the propagation of ultrasonic waves through the material. Rajendran
et al. expressed the attenuation coefficient in a solid material by [25]:

a=aa,+aot+a. +a;,+a, 5)

where a,; and a, are constants, a, is the true ultrasonic absorption, a, is the scatter
loss, a, is the coupling loss, a, is the diffraction loss and a, is the losses due to the
non-parallelism and surface toughness. Due to the amorphous character of the inves-
tigated sample, parallelisms of opposite faces and minute thickness of the bonding
material between the sample and the transducer and the coefficients a,, a,; and a, are
negligible. Consequently, Eq. (5) can be rewritten for the examined samples as [26];

a=aa,+a, 6)

Figure 3 illustrates how the ultrasonic attenuation changes with the structure of
polysiloxane rubber at different frequencies (1, 2 and 4 MHz) with prolonged aging
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Fig.3 Variation in ultrasonic attenuation (a) of silicone rubber with aging time

time from O to 70 days. The presence of two maxima at both 14 and 50 days in the
attenuation behavior reveals the weakening nature of the structure and supports the
results obtained from the density and molar volume (Vm) [27].

The relationship between ultrasonic wave velocities (longitudinal and shear)
with aging time for the investigated samples is shown in Fig. 4. Both longitudi-
nal (U)), and shear (U,) wave velocities were found to increase from 999 and 500
(m/s), respectively, to 1038 and 544 (m/s) with the increase in aging time from 0 to
70 days. However, the behavior of both U, and U, ultrasonic wave velocities showed
two minima at 14 days and 50 days [28].
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Fig. 4 Relation between ultrasonic wave velocities (U, and U,) of silicone rubber with aging time
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Generally, the increase in ultrasonic wave velocity is attributed to the decrease
in inter-atomic spacing of SR (i.e., the decrease in molar volume). This means
that the structure of the silicone rubber has been improved with the increase in
the aging time from O to 70 days. Moreover, the presence of the two minima in
both ultrasonic wave velocities indicates the decrease in cross-link density at
14 days and 50 days.

The observed increase in both Young’s (E) and shear (G) elastic properties of
the silicone rubber with aging from 0 to 70 days as shown in Fig. 5 can be inter-
preted through two approaches. The first one is related to the increase in cross-
linking density as seen from Table 1, besides the increase in stretching force
constant (F) which will be discussed in the FTIR section. The second approach
can be explained by considering the decrease in volume that would lead to an
increase in elastic modulus with the increase in the aging time from 0 to 70 days
due the decrease in the voids in the polymer network structure. The presence of
two minima elastic moduli at 14 days and 50 days aging time can be accounted
for the decrease in cross-link density, which means the degradation of the poly-
mer network structure at these two aging times.

It can be seen from Table 1 that micro-hardness (H;) determined ultrasonically
has the same trend as the elastic modulus with the increase in aging time from O
to 70 days, and hence, the observed increase in (H;) is related to the increase in
the rigidity of the rubber. The presence of two minima observed at 14 days and
50 days confirms the results of elastic moduli [29].

According to Rao [30], Poisson’s ratio (o) (which is defined as the ratio of the
lateral to longitudinal strain when applied force parallel to the chains, therefore
increased cross-links will lead to the decrease in lateral strain and consequently
the decrease in Poisson’s ratio, and vice versa) depends on the dimensionality of
the structure and cross-link density. The cross-link density (V,) was calculated
according to Higazy and Bridge [31] using the following the equation:

1.05 0.40
100 0.38
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3 0.95+ b 3
3 034 8
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:
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Fig.5 Variation in Young’s and shear moduli of silicone rubber with aging time
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o =028(N,)"% 7)

Poisson’s ratio is inversely proportional to the cross-link density. Therefore, the
decrease in Poisson’s ratio as shown in Fig. 6 caused the increase in cross-link den-
sity with the increase in aging time from 0 to 70 days. Further, the decrease in cross-
linking density at 14 days and 50 days aging time confirms the polymer degradation
at these two aging times.

The hardness tests measured by “Shore A” hardness tester are shown in Table 1.
Results show that there is a sharp increase in the hardness (H,) values at the begin-
ning of the aging days. This is mainly due to the formation of the cross-links in the
polymer followed by a decrease at 14 days due to the degradation of some cross-
links formed. With further aging from 20 to 40 days, there is almost no change in
the hardness values. This indicates the stability of the cross-links formed, while with
prolonged aging up to 50 days, the hardness decreases again due to the deterioration
of some of the formed cross-links and increases again with prolonged aging time.
These results agree well with the micro-hardness results obtained ultrasonically.

Figure 7 shows FTIR spectrum of SR before and after aging, whereas the main
bands associated with the polymer are seen at around 2960 cm™! which assigned
to the symmetric C-H stretching of CH; groups [32-36]; 1258 cm™ assigned to
the symmetric bending vibration of Si—-Me bonds with methyl groups; 1008 cm™!
assigned to asymmetric stretching of Si—-O-Si bonds and 788 cm™' assigned to
the vibration of Si—-Me bonds with methyl groups [37]. Such figure describes the
following;

According to a comparison of the Si—O-Si absorption peak heights (1006 cm™)
for each sample, samples with longer hot air aging times had a somewhat higher
Si—O-Si absorption peak (Fig. 8). Due to the silicone rubber’s susceptibility to heat
during usage, this material’s weak Si—O-Si main chain may be broken, causing
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__0.340 | g
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® H‘%\ __%_ % 5
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Fig.6 Dependence of Poisson’s ratio and cross-link density of silicone rubber with aging time
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Fig. 7 Normalized FTIR spectrum of the silicone rubber before aging
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Fig.8 Band frequency shift of both (Si-Me) and (Si—O) bands at 788 and 1008 cm™', respectively, with
aging time from FTIR results

oxidative cross-linking [38], which increases the amount of Si—-O-Si present and
increases the height and area of the Si—O-Si absorption peak.

After hot air aging, the silicone rubber’s Si-CH; absorption peak intensity was
somewhat lower. Due to the fact that the binding energy of Si—C in silicone rubber is
lower (301 kJ/mol) than that of Si—O (447 kJ/mol) and C-H (414 kJ/mol). Si—-CHj is
hence more readily obliterated during hot air aging.

Figure 8 shows variation in the frequency shift of all aged samples from O to
70 days of the bands at 788 and 1008 cm™! with aging time from 0 to 70 days. It
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is clearly seen from this figure that there are two minima of the two band frequen-
cies at 14 days and 50 days. According to Takuya Kaneko et al. [14], SiR hardens
substantially when the ratio of Si—O-Si to Si-CHj; approaches 1.3, suggesting the
production of cross-linked structures. The relationship between the bands’ ratio
[1008 cm~!/788 cm™'] and aging durations between 0 and 70 days is shown in
Fig. 9. This graph makes it evident that silicone rubber material is impacted by
heat during use due to the occurrence of two reductions in the ratio at 14 and
50 days, which correspond to drops in cross-links at particular aging durations.

Two silica-based composites with 10% micro+ 5% nano and 15% microsilica
were created by Abraiz Khattak et al. in room temperature vulcanized silicone
rubber (RTV-iR) [39], In a specially constructed laboratory, prepared samples
were exposed to accelerated conditions such UV radiation, acid rain, heat, and
fog for 9,000 h. In a silicone rubber microcomposite containing 15% micro-
silica, FTIR measurement revealed a progressive rise in the absorption peak at
2963-2960 cm™!, indicating the transfer of a hydrophobic methyl group from
the material’s bulk to the surface. Similar to the previous example, albeit Si-CH;
symmetric bending initially decreased more quickly, it recovered and only exhib-
ited a 5% decline after 9000 h. As a result, in the current work, the increase in
absorption band intensity around 2962 cm~! at times after 20 and 50 days,
respectively, (see Fig. 10) can be explained as being caused by the transfer of
hydrophobic methyl group from the material bulk to the surface, indicating the
smoothness, as will be seen in the scanning electron microscopy part. In addition,
after 14 and 50 days, respectively, the band about 2962 cm™~! diminished, suggest-
ing the transfer of methyl group from the surface to the bulk material, supporting
our findings of increasing surface roughness as shown in the scanning electron
microscopy section.

1.3

1.2 4

[1008 cm™/788 cm™

0.9 4

Intensity ratio of the absorption bands

0.8 T T T T T T T T
0 10 20 30 40 50 60 70 80

Aging time [days]

Fig.9 The relation between the ratio of the bands [1008 cm™'/788 cm™'] as a function of aging times
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Fig. 10 The relation between the absorption band at 2962 cm™ as a function of aging times

Thermal properties are essential features of SR that explain the thermal decom-
position process. The thermal stability of the silicone rubber was examined through
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC).
TGA was performed with a heating rate of 10 °C min~' under a nitrogen atmos-
phere. TGA weight loss curve and degradation rate of the synthesized SR demon-
strated that the synthesized silicone rubber was started to decompose around 300 °C,
while the intensive mass loose was started at 480 °C and ended at around 600 °C
with a total mass loose amount of virgin SR is 55% of starting mass of the virgin SR
with a moderate stability [32, 40, 41].

After the thermal aging, as shown in Fig. 11a, it was noted that the weight loss
rate was increased with the increase in the aging time for 14 and 50 days. It was

(a) (b)
100 - 10
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] 14 days of agi
o —igner 8
X 809 g 6
Ty s
8 70 g 4
- 3] A
- 604 8 2 /\ |
2 //Y
1 b,
1] I

200 400 600 800 1000 0 200 400 600 800 1000
Temperature (°C) Temperature (°C)

Fig. 11 a TGA of silicon rubber and b DSC of virgin silicon rubber
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expected that the methyl group on the side chain was splitted by heating around
300 °C and in the initial stage of weight loss while the another methylene-bridge
Si-Me structure was decomposed in the range of 450-500 °C and disappeared in the
range of 500-650 °C and the silicon bridge was usually obvious at the higher tem-
peratures level so it is remained because the materials that were hard to decompose
were only remained.

In TGA Analysis, C-H methyl group on the side chain plays a main role where
the more the methyl groups, (confirmed by FTIR spectrum), the easier the methyl-
ene-bridge was to generate. However, after aging, there were more methylene-bridge
disappearing at 500-650 °C, but there is more Si bridge were generated in the aging
process and they could not easily be decomposed at this temperature range so the
weight loss rate was decreased at 500-650 °C. As a result of the increase in the
methyl groups amount and the silicon bridge structures after aging process, the ther-
mal stability of SR material was enhanced and the weight loss onset was shifted to
the high-temperature region, and the residual mass of silicon rubber decreased with
increase in aging time for 14 days and 50 days [42].

The thermogram DSC of silicon rubber as shown in Fig. 11b was conducted
with the same heating rate of 10 °C/min illustrating that the most intensive exother-
mic effect is observed at 580 °C. It is related to the creation of silica phase under
heat-treatment.

SEM micrographs are shown in. Figure 12 for SR specimens before and after 14
and 50 days of aging. However, the degradation on the surface is much more serious
than the interior indicating that the initial deterioration process began on the surface
of the samples and it showed that the surface of the virgin SR was smooth, on which
there were no holes, cracks and obvious particles. Under the time aging condition
for 14 days and 50 days, the surface of SR samples became rough and appeared a
few holes. These appeared cracks on the surface developed in different orientation
which severe the easier degradation of SR specimen. The analysis could be a further
confirmation for density, molar volume, ultrasonic attenuation and ultrasonic wave
velocity, hardness, cross-link density and mechanical properties confirming the pol-
ymer degradation at 14 days and 50 days aging.

Conclusions

The density, molar volume, ultrasonic wave velocities, mechanical properties, and
FTIR studies on the network structure of silicone rubber with different aging times
from O to 70 days have revealed the improved mechanical properties with aging due
to the improvement of the dimensionality of polysiloxane rubber structure. Drops
in the mechanical properties at 14 days and 50 days were attributed to some deg-
radation that occurs in the cross-links formed during thermal aging. The mechani-
cal characteristics acquired by ultrasonic and DMA methods, which confirmed the
increasing surface roughness at such aging durations, were supported by FTIR and
SEM data that demonstrated reduced cross-linked structures at 14 and 50 days,
respectively.
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Fig. 12 Scanning electron microscope of silicon rubber a virgin SR, b aged for 14 days, and ¢ aged for
50 days
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