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1.0 IntroductIon 

Research in nanodielectrics has thrown up some 
interesting possibilities in the design of dielectric 
materials. Nanoparticles are incorporated in the 
bulk matrix of an insulating polymer, and they 
have sizes comparable to the intermolecular 
distances in the bulk material and hence tend 
to alter the properties of the material. Earlier 
work in the author’s laboratory indicated that 
the addition of nanofillers in silicone rubber 
improves its resistance to tracking considerably 
[1]. In this work, the effect of incorporation of 
nanofillers on complex permittivity and space 
charge accumulation are investigated. Complex 
permittivity provides a measure of the energy 
storage and losses in the dielectric. Dielectric 
Spectroscopy experiments are performed to 
study the changes in complex permittivity of 

silicone rubber and its nanocomposites. Further, 
the application of electric field to a dielectric, 
results in the accumulation of space charge within 
the volume leading to local field intensification 
and degradation of the material. The nature of 
space charge evolution inside silicon rubber and 
its nanocomposites is investigated by using the 
Pulsed Elctro-Acoustic Method. 

2.0 MaterIals

The bulk polymer used in the experiments 
is RTV8112 from Momentive Performance 
Materials Solutions Inc., USA. RTV8112 is a 
white viscous liquid with faint odor. The flash 
point is around 298 oC. The compound has a 
density of 1.18 g/cm3 and a relative density of 
1.2. It is insoluble in water but soluble in toluene 
or xylene. The hardener used is RTV9858 which 
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is a white viscous liquid with faint odor. The 
boiling point and flash point are 285 oC and 93.5 
oC respectively. The density and relative density 
are 1.61 g/cm3 and 1.61. It is insoluble in water 
and stable under normal conditions. The two 
nanofiller materials used are aluminum oxide 
and barium titanate. The alumina particles are 
on an average 50 nm  in diameter with a density 
of 4 g/cm3. The barium titanate particles are on 
an average 100 nm in diameter with a density of 
6.08 g/cm3. Both are in powder form. All particles 
are used as received or after heating. No surface 
processing is done. The solvents used are acetone 
and ethanol.  

3.0 saMple preparatIon

Pure silicone rubber samples are prepared by 
taking the required amount of RTVSR in the 
beaker and mixing with hardener in the ratio 
10:1.The mixing is done slowly to ensure 
homogeneous mixing. The mixture is then 
degasified in vacuum for 15 minutes and finally 
poured into mould. The sample in the mould is 
allowed to cure for 24 hours at room temperature. 
Nanocomposites are prepared by taking required 
amount of nanoparticles in 100 ml of ethanol and 
mechanically stirred for 10 minutes. It is then 
ultrasonicated for 9 seconds on and 9 seconds off 
pulse mode. After ultrasonication, the ethanol-
particle mixture is added to RTVSR and the final 
mixture is heated at 100 oC to remove the ethanol. 
Required amount of hardener is added to the 
mixture and degasification is done for 15 minutes 
in dessicator. The mixture is then poured to the 
mould and allowed to cure for 24 hours at room 
temperature. Samples are stored in a moisture-
free, dust-free atmosphere.

FIG 1.    PRoCEDURE oF PREPARATIoN oF 
NANoCoMPoSITES

4.0 experIMents

4.1 dielectric  spectroscopy

Dielectric spectroscopy experiments are carried out 
to measure complex permittivity. Figure 2 shows 
the equivalent circuit for dielectric spectroscopy 
measurements. An ac voltage of magnitude 1 
V with variable frequency from 10-4 Hz to 103 
Hz is applied to the sample in a temperature 
and humidity controlled chamber. The voltmeter 
measures the voltage across the sample and the 
electrometer measures the phase and magnitude 
of the current through the specimen. From these 
measurements, the capacitive reactance and 
thus the complex permittivity of the sample is 
calculated. The real and imaginary permittivities 
are plotted separately for silicone rubber and its 
nanocomposites. All experiments are performed 
at room temperature.

FIG 2.    EqUIVAlENT CIRCUIT FoR DIElECTRIC 
SPECTRoSCoPy MESUREMENTS

4.2 space charge Measurements

The space charge measurements are performed by 
the Pulsed Electro Acoustic (PEA) method.   The 
PEA is a non-destructive technique for measuring 
space charge accumulation under ac or dc fields. 
The sample is placed between the high voltage 
electrode and the earth electrode. High voltage 
is applied across the electrodes leading to the 
formation of space charge. A series of voltage 
pulses of very short duration is applied across 
the electrodes. This electric transient electric field 
interacts with the space charge and the surface 
charges creating an electrical force displacing the 
internal charges. This disturbance travels to the 
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piezoelectric transducer near the earth electrode 
in the form of pulsed acoustic pressure waves. 
The transducer converts this pressure signal 
to a voltage signal which is then calibrated 
and deconvoluted to obtain the charge density 
distribution in the dielectric. Figure 3 shows the 
schematic of a PEA system.

FIG 3. SCHEMATIC oF PEA SySTEM

5.0 results and dIscussIons

5.1 dielectric  spectroscopy

In this section we present the results and 
discussions of dielectric spectroscopy experiment 
performed on pure silicon rubber, silicon rubber 
alumina nanocomposite and silicon rubber 
barium titanate nanocomposite over a broad 
frequency range. This is expected to identify the 
principal polarization mechanisms in silicone 
rubber and how that is affected by incorporation 
of nanofillers. Figure 4(a) and 4(b) shows the real 
and imaginary characteristics for silicone rubber 
and its nanocomposites. The incorporation of 
nanoparticles has increased the real and imaginary 
permittivities in the entire frequency range. The 
alumina nanocomposite shows higher complex 
permittivity than pure silicone rubber and barium 
titanate nanocomposite. 

Results in the past have shown a major polarization 
mechanism in it is dipolar polarization; this is 
expected since silicone rubber is polar in nature. 
Interfacial relaxation mechanisms have also 
been observed at lower frequencies [2]. This is 
corroborated in the present experiment from the 
imaginary characteristics of pure silicone rubber 
in figure 4(b).

The loss peak for pure silicone rubber appears 
between 0.01 Hz and 0.001 Hz. In case of silicone 
rubber alumina nanocomposite it appears around 
0.001 Hz. The imaginary

FIG 4 (A) . FREqUENCy DEPENDENCE oF REAl 
PART oF PERMITTIVITy oF PURE SIlICoNE 
RUBBER AND ITS NANoCoMPoSITES

characteristics of silicone rubber barium titanate 
nanocomposite shows a positive slope at 0.001 
Hz; it is indicated that the loss peak would 
appear at frequencies less than 0.001 Hz. In this 
work, the loss peaks seems to be shifted to lower 
frequencies by the incorporation of nanofillers. 
This is corroborated by previous experimental 
findings [3-4].

FIG 4 (B). FREqUENCy DEPENDENCE oF IMAGINARy 
PART oF PERMITTIVITy oF PURE SIlICoNE 
RUBBER AND ITS NANoCoMPoSITES

The real permittivity shows an overall increase 
when nanofillers are introduced. As pointed out 
earlier, the increase in the hydroxyl group density 
on the surface of nanoparticle increases the 
dielectric constant of the nanocomposites over 
the entire frequency range [5]. As nanoparticles 
are added into the matrix, a larger fraction of 
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atoms of nanoparticles get exposed at the surface 
increasing the moisture absorption and thereby 
hydroxyl groups at the surface [6].

UF- unfilled silicone rubber

NA- silicone rubber alumina nanocomposite

NBT- silicone rubber barium titanate 
nanocomposite

5.2 space charge Measurements

In this section we present the results and 
discussions of space charge measurements of pure 
silicone rubber and its nanocomposites. Figures 
5, 6 and 7 shows the depolarization signals for 
pure silicone rubber, silicone rubber alumina 
nanocomposite and silicone rubber barium 
titanate nanocomposite at different instants of 
depolarization respectively. 

FIG 5.    DEPolARISATIoN SIGNAlS oF PURE 
SIlICoNE RUBBER

FIG 6. DEPolARISATIoN SIGNAlS oF  SIlICoNE 
RUBBER AlUMINA NANoCoMPoSITE

FIG 7.    DEPolARISATIoN SIGNAlS oF  
SIlICoNE RUBBER BARIUM TITANATE 
NANoCoMPoSITE

FIG 8.    SPACE CHARGE SIGNAlS oF PURE SIlICoNE 
RUBBER AND ITS NANoCoMPoSITES AT THE 
END oF PolARISATIoN

The depletion of space charge in pure silicone 
rubber takes around 1000 seconds. But for 
nanocomposites the depletion is  much faster 
(within 30 seconds). Figure 8 shows the space 
charge signals at the end of polarization for pure 
silicone rubber and its nanocomposites. Space 
charge accumulation in alumina nanocomposite 
is found to be highest followed by barium titanate 
nanocomposite. In general the nanocomposites 
accumulate more charge inside the bulk compared 
to pure silicone rubber. All experiments were 
repeated on several specimens, and the deviation 
was found to  be within 5%.

6.0 conclusIons

It can be concluded that the incorporation of 
nanofillers have increased the real permittivity 
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and losses. Alumina nanocomposite shows the 
highest real permittivity and losses. Earlier 
work however has indicated that resistance to 
surface tracking is higher with barium titanate 
rather alumina nanofillers [7]. It needs further 
experimentation to conclude if this is a material 
effect or a size effect.

In the case of space charge accumulation, the 
addition of nanofillers intensified the space 
charge accumulation but the depletion was faster 
in nanocomposites compared to pure silicone 
rubber.
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