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Abstract Polymeric insulators are being extensively used for outdoor insulation
due to their excellent hydrophobic property. Several studies have been reported
to evaluate the performance of these insulators as outdoor insulation with micro
and nanofillers. These studies indicate, aged insulators under different environ-
mental conditions exhibit considerably poor performance due to reduced tracking
and erosion resistance. The present paper discusses the development of micro-filled
magnesium oxide silicone rubber (MgOSiR) specimen and its performance for high
voltage insulation under various environmental conditions. In the present study, 24 h
water absorbance test, inclined plane test (IPT), flashover experiments have been
conducted on the developed 30 weight percent (30 wt%) micromagnesium oxide-
filled Silicone Rubber specimens (30 MMg) and commercially available Silicone
Rubber specimens. The characterization using Fourier Transform infrared spec-
troscopy (FTIR) indicates micro-filled sample has better resistance to degradation
and good hydrophobic recovery. The experimental results reveal that, developed
specimens show superior hydrophobic property, tracking and erosion resistance and
higher flashover voltage under dry and wet conditions compared to commercial
silicone rubber specimen.

Keywords Polymeric insulators + Silicone - Fillers + Magnesium oxide - Inclined
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1 Introduction

Polymeric insulators are being extensively used in outdoor insulation application over
conventional ceramic counterparts due to several advantages. Various environmental
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and electrical stresses are the prime factors affecting its long-term performance under
contaminated conditions. Accelerated ageing and surface degradation affecting the
electrical withstand ability of these insulators make it fail at normal operating voltage
leading to outages, causing huge financial loss [1].

The property evaluation in terms of tracking and erosion resistance is one of the
prime factors to be considered to access its performance under contaminated condi-
tions. The improvement in this property can be achieved by incorporating micro-
/mano-inorganic oxide. The fillers are added to improve polymers specific properties
such as resistance to degradation, hydrophobicity, and thermal properties. The proper-
ties improvement depends on size, shape, structure, degree of dispersion, orientation
in matrix and degree of adhesion with polymer chains.

In the high voltage power networks, insulation must possess excellent pollution
performance, better dielectric strength, long tracking time, and desirable mechan-
ical properties. Partial discharges in these systems may cause physical damage and
change in chemical structure. This may lead to failure of the insulators. In this
regard, author have carried out work in [2] to improve the above-mentioned param-
eters in EPDM co-filled with Boron nitride particles at microlevel/nanolevel. The
co-filled composites show better dielectric strength, high volume resistivity, and
longer tracking time. Enhanced surface area of the fillers, improved thermal conduc-
tivity, and better thermal stability are the factors responsible for its improvement
under contaminated conditions.

High-temperature-vulcanized silicone rubber is a kind of material used in insula-
tion application due to its self extinguishing property. By incorporation of Alumina
Trihydrate filler at microlevel, its flame retardant property is improved. But occa-
sional tracking phenomena on these ATH-filled insulator lead to degradation affecting
its pollution performance. So researchers in [3] have carried out a study to see the
effect of different halogen-free flame retardant additives on tracking and erosion
resistance. An inclined plane test set up was designed according to the standards.
Melamine Cyanurate as an additive was used as a filler along with ATH which showed
least dielectric loss and permittivity. The arc quenching mechanism of melamine is
seen as the major factor for the improvement of tracking and erosion resistance of
these specimens.

Researchers in [4] have discussed the use of various inorganic fillers such as
alumina-trihydrate, zinc oxide, titanium dioxide and barium titanate to improve elec-
trical, mechanical, and thermal properties of outdoor insulation. The concentration
level of microfillers with 30 and 40 weight percent is proposed. The excessive addition
of the fillers at microlevel/nanolevel over certain percentage is said to improve elec-
trical property but may hinder hydrophobic and mechanical properties. The problem
encountered with these nanoparticles as they tend to agglomerate easily because of
their high surface energy.

The presence of nanofillers affects the space charge accumulation in the polymer
matrix. The accumulation of space charge could affect the internal electric field this
may ultimately cause in failure of the insulation system due to partial discharges and
electrical treeing. So the inorganic fillers provide reduced space charge accumulation
affecting the dielectric properties, enhancing the lifetime of the polymers. In [5], the
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uses of various inorganic oxides in the field of high voltage applications have been
reported. Few insulating oxides such as Al,O3 provide high thermal conductivity,
TiO, gives photo catalytic property, Calcium Carbonate can be employed for low
cost applications, SiC yields good mechanical strength, and ZnO used to control
electric stress. These properties can be achieved only when there is homogeneous
distribution in the polymer base matrix.

Room temperature-vulcanized rubber (RTV) SiR is frequently recommended for
outdoor insulation due to hydrocarbons and Si—O bond. These chemical structures
make their insulating and hydrophobicity excellent. As they are organic in nature,
they may get degraded due to environmental and electrical stress. Authors in [6]
have carried out studies to investigate the long-term performance of RTV SiR insu-
lating specimens under multiple stress environments. They prepared composites by
incorporating micro/nanosilica on to the RTV base. The specimens were subjected
to 9000 h of aging in a multi-stress chamber with UV, temperature, humidity, acid
rain, and heat and fog conditions. From the characterization results, it was concluded
that the samples with micro/nano-additives were least aged compared to virgin RTV
specimens. The leakage current was found to be less and micro- /nano-filled samples
were found to possess good hydrophobic property.

High voltage polymeric insulator’s surface gets deteriorated with deposition of
contaminants. It further degrades when these contaminated insulators are subject
to temperature, humidity, and sand storms. But in the case of desert environments,
frequent sandstorms increases the surface roughness cause chemical changes on
its surface affecting its flashover voltage. So author in [7] have carried out study on
electrical, mechanical, and thermal properties of silicone rubber specimens filled with
alumina trihydrate (ATH), Boric acid, and Magnesium Hydroxide. The result showed
that the flashover voltage is improved by incorporation of ATH and Boric acid. ATH
fillers is seen to have better thermal and flame retardant properties. Mechanical
properties of ATH fillers were found to be better due to improvement in the tensile
strength.

In [8], researchers have carried out series of experiments to study the effect of
micro/nanoSiO, on mechanical, electrical, and thermal properties. The SiR, EPDM,
and Epoxy composites were prepared with micro/nano-additives. Thermal stability
was found to be better in SIR composites. Highest dielectric strength was found in
epoxy composites. EPDM showed better tensile and elongation at break. Authors
concluded that the silicone micro/nanocomposites suit insulation applications. The
researchers have carried out the pollution flashover (FoV) experiments on micro-
/mano-filled silicone rubber specimen with SiO,, Boric acid, and Mg(OH)2 for
different levels of concentration. Authors have carried out study to understand the
fillers influence on mechanical and thermal properties.

The use of insulating oxides such as ZnO, MgO used at microlevel/nanolevel to
improve the electrical properties of the polymeric specimens is reported in [5]. The
MgO has high melting point, better dielectric strength, and good hydrophobicity
than the ATH-filled silicone rubber. The mixing of MgO into polymer base may
lead to better breakdown strength. But its performance evaluation of silicone rubber
specimen under contaminated conditions incorporating MgO oxides at microlevel
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is yet to be investigated. Further flashover tests of these micro-Mgo-filled SiR is
necessary for the outdoor insulation applications. This will help high voltage engi-
neers to choose good material among the alternatives which performs better under
contaminated conditions.

In the present work, 30 weight percentage micro-filled Magnesium Oxide Sili-
cone Rubber specimens have been developed to evaluate its performance for
high voltage insulation. Inclined plane test and flashover experiments have been
conducted as per the standards on developed and commercial Silicone Rubber spec-
imens. Characterization was carried out on the specimen using Fourier Transform
Infrared Spectroscopy (FTIR), Performance has been analysed based on Tracking
and erosion resistance, percentage weight change, surface roughness, eroded length,
hydrophobicity and flashover voltage under dry and wet conditions.

2 Preparation of Sample

The silicone rubber, ATH, and magnesium oxide of 30 weight percentage having a
crystal size of 10 micrometer were thoroughly mixed using Sigma Kneader equip-
ment. The researchers have taken different weight percentage at microlevel from 10
to 50%, but optimum mixture is around 30 wt%. This composition was moulded into
a specimen of 150 mm x 50 mm x 6 mm size using rubber injection moulding at
high pressure and temperature. Then, the specimens were cooled until they become
stiff.

3 Evaluation Techniques

Commercially available specimens and 30 MMg specimens were evaluated for
various performance parameters which are explained below.

3.1 Surface Roughness

Surface roughness is a function of surface texture. The deviation in the direction of
the normal vector of a real surface from its ideal form is used to quantify surface
roughness. The surface is considered to be smooth, if this deviations is small and
rough if it is large. The instrument used for measuring surface roughness in this work
is Mitutoyo SJ-201 P portable surface roughness tester.
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3.2 Contact Angle (CA)

Hydrophobicity is the resistance to the formation of conducting water tracks. This
will result in flashover due to increase in leakage current by deterioration of the
surface. In this work, static hydrophobicity was measured with constant magnitude
of stress using Image-J software. Water droplets are put on the surface and images
were captured with 20 MP camera.

3.3 Flashover Studies

Flashover studies under dry and wet condition on the polymeric insulating specimens
when subjected to HVAC stress were performed to determine the surface flashover
strength during normal and rainy conditions. An experimental setup has been used
to carry out these studies according to IEC 383 [9].

3.4 Tracking and Erosion Studies Using Inclined Plane Test
(IPT) Setup

The inclined plane test setup as per IEC60587 [10] has been used to evaluate the
tracking and erosion resistance of the polymeric specimens. The tracking and erosion
resistance were evaluated in terms of change in weight of specimens, eroded area,
and depth.

4 Experimental Setup

4.1 Experimental Setup for Conducting Dry and Wet
Flashover Tests

HV transformer of 5kVA, 230/50 kV, 50 Hz with 4.5% impedance has been used as
source to energize the polymeric specimen. The schematic arrangement is shown in
Fig. 1. The lab temperature was recorded, it was between 25 and 33 °C. The pressure
is 1013 mbar.

An acrolyte fog chamber of dimension 30 cm x 30 cm x 30 cm has been used to
conduct flashover experiment. Inside the chamber, proper copper electrode arrange-
ment has been made to hold the silicone rubber specimens. For one end of copper
strip, positive voltage was applied and other end was grounded. The arrangement is
shown in Fig. 2a, b.
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Fig. 1 Schematic diagram for flashover test setup

Fig. 2 a Electrode
arrangement, b fog chamber

(a) Electrode Arrangement (b) Fog chamber

The flashover experiments have been conducted according to the IEC 60583 [11]
standard. Tracking and erosion studies were performed using IPT inclined place test
setup which is explained in the next subsection.

4.2 IPT Test Setup

The IPT setup shown in Fig. 3 comprises of 3 kVA, 230 V/30 kV, single phase
transformer, a 30 k2 current limiting resistor, and a stand which can provide an
inclination of 45° angle to the specimen mounted on it, along with two electrodes
to be placed on the surface of the specimen, a 1 2 standard resistor, and a DSO
connected across it. A constant voltage of 3.5 kV was maintained across the specimen
and the contaminant flow rate was kept at 0.3 ml/min. The filter paper was inserted
in-between the specimen and the electrode in order to filter the crystals in saline
water (Fig. 4).

The IPT test arrangement and the procedure followed as per IEC 60,587 [9]
standard.
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Fig. 3 Schematic diagram for inclined plane test setup

Fig. 4 Inclined plane test
setup

5 Results and Discussions

5.1 Dry Flashover Test

The polymeric specimens have been placed on the electrode arrangement as shown
in Fig. 2a and energized with HV transformer as discussed in the experimental setup
in Sect. 4.1. Figure 5 shows the average dry flashover voltage of 5 trials conducted
on commercial and developed specimens.

5.2 Wet Flashover Test

The polymeric samples were kept in pollution chamber made of acrolyte (refer
Fig. 2b) with steam being generated from the steam generator. The steam was filled
in the chamber until relative humidity of 90-95% was achieved. The flashover test
was done on the specimen under wet condition. Figure 5 shows the average wet
flashover voltage of 5 trials conducted on commercial and developed specimens.
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Fig. 5 Dry and wet 35 1
flashover results in kV
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From Fig. 5, it can be observed that under dry condition, developed 30MMg
Specimen has a flashover voltage of 32.12 kV compared to commercial specimens
30.2 kV. In the case of wet condition, 30 MMg has better breakdown voltage of
14.28 kV comparing to commercial specimen 13.39 kV. This indicates developed
polymeric material is better in dry and rainy conditions.

5.3 Contact Angle

The water droplets were placed on the surface of the specimens using syringe. Its
images were captured and contact angle was measured with the help of Image-J
software. The recorded values were 92° in the case of commercial specimen and 96
degrees in the case of developed 30 MMg specimen indicating micro-filled specimen
has considerably better hydrophobicity.

5.4 Length and Depth of Eroded Area

IPT test was conducted on all the polymeric samples. Due to flow of leakage current
with contamination flowing on to the surface, it gets eroded. The eroded areas length
and depth have been measured and plotted in Fig. 6.

From Fig. 6, eroded length of 0.4 cm and depth of 0.2 cm have been recorded in
case of 30 MMg specimens which is lesser than commercial specimen.

Weight Change: Weight change indictaes the erosion of the metrial due to the flow
of saline water on its surface during energization. The weight of the commercial and
30 MMg specimens was measured before and after IPT test. It was found that 30
MMg has 0.56 mg of weight erosion compared to 0.66 mg for commercial specimen.
The erosion length, depth, and weight parameters were found to be less in 30 MMg
specimens indicating that it has better erosion resistance compared to the commercial
specimen.
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5.5 Surface Roughness

The change in the surface roughness indicates the degradation or erosion of the
material due to influence of electric or environmental stress. The surface roughness
was measured using Mitutoyo instruments in micrometers. Commercial and 30 MMg
specimens’ surface smoothness was measured. The measurement was done before
and after the IPT test and plotted in Fig. 7

Figure 7 indicates that the surface roughness is 12.18 wm after IPT test in case
of 30MMg specimen and 20.88 pm for commercial specimen. This infers that the
surface is least degraded in developed micro-filled specimen and its erosion resistance
is significantly high under contaminated environment.

5.6 24 h Water Absorbance Test

The polymeric specimen of 5 cm x 1 cm x 0.6 cm is kept in distilled water with
conductivity of 22 Micro siemens for 24 h water absorbance test as per the ASTM 570.
The weight of the specimen before and after the test was measured to the accuracy
of three decimal places. Test arrangement and results in terms of % weight change
of both the specimens are shown in Figs. 8 and 9.
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Fig. 8 Arrangement for 24 h
water absorbance test

Fig. 9 Percentage weight
change in mg
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From the chart, it indicates weight gain is 4 mg in commercial specimen compared
to 1.1 mg gain in 30 MMg sample. It is evident that micro-filled specimens absorbed
least water during the 24 h, making it ideal to work under rainy conditions.

5.7 Fourier Transform Infrared Spectroscopy (FTIR)

The severity in material degradation can be accessed by difference in infrared
absorbance spectra. Presence of Si—O-Si bonds suggests the stability of the spec-
imen. In the present case, absorption bands in the range of 10001100 cm~'can be
attributed to the Si—O-Si bond in the silicone rubber. Appearance of these bands
corresponding to Si—O-Si suggests that specimens are resistance to degradation.
Absorption bands in the wavenumber range 1255-1270 are due to Si~-CH3 bond and
it depicts hydrophobicity property of the material. Figure 10 shows FTIR graph for
the all the specimen before and after the IPT test under normal contamination.

In order to analyse its resistance to bond breaking or scission, its % variation in
the absorption values are calculated for both the specimens before and after the IPT
test. The drop in absorption percentage is due to affect of normal contamination on
Si—O-Si bond. It is found out that 30 MMg has least drop in % of variation, i.e., 6.9
compared to commercial 37.7%. This indicates it has better resistance to formation
of oligomores, silica, and free active Si—~O-bonds [11].

The percentage variation in absorbance values are calculated for the wave number
1250 Si—CH3; bond indicates 30 MMg has 16.06% of improvement in its absorption
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Fig. 10 a FTIR graph for
the commercial before IPT,
b after IPT, ¢ 30 MMg
before IPT, d after IPT
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peak compared to Commercial (10.68%). This signifies both the specimens are able to
regain the hydrophobicity even after the normal contamination exposure. 30 MMg
specimen was able to regain marginally higher due to increase in CHj3 functional
groups in Silicone backbone. This has improved the surface hydrophobicity, due to
the migration of low molecular weight from the polymer base to the surface.

6 Conclusions

Present paper discusses the development of micro-filled MgO silicone rubber spec-
imen with 30 weight percentage and comparison of its performance with the commer-
cial silicone rubber specimen. Following conclusions can be drawn from the present
experimental results:

e Dry and wet flashover voltages of 30 MMg specimen are marginally high
compared to commercial specimen

e From the IPT test, the eroded length, depth, surface roughness, and weight change
have been found low in 30 MMg sample

e Hydrophobicity is better in 30 MMg specimen based on contact angle measure-
ment and water absorbance test
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e FTIR results indicate 30 MMg specimen has superior resistance to degradation
and better hydrophobic recovery

e Developed specimen has lesser tracking length, superior erosion resistance, and
good hydrophobicity.

Developed micro-MgO-filled polymeric specimen seems to be one of the
alternatives for the high voltage application.

Future work can be carried out by incorporating MgO at microlevel with different
weight percentage into the polymer base. Experimental studies can be conducted
to find the optimal weight percentage, which may further enhance its performance
parameters for outdoor insulation applications.
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