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Abstract

In this study, the change in the electrical performance of epoxy/MgO, which is one of the materials used to increase the
performance of epoxy resin, was evaluated under the effect of water. Accordingly, comparative tracking index (CTI) experi-
ments, which are one of the effective methods used to model electricity’s effect on surface properties, were used. To measure
the performance of epoxy resins without additions, 1%, 3% and 5% nanosized MgO-added samples were prepared. Prepared
samples were stored 24 h, 48 h, 72 h, 96 h and 120 h in pure water. Then, the samples were subjected to CTI test in a labora-
tory environment. Recorded leakage current from experiments was analyzed using harmonic analysis. While the experimental
results obtained have resulted in improvements like those of MgO/epoxy additions previously reported in the literature, the
resistance of the observed samples after their exposure to pure water has been reported, in the opposite direction. Thus, with
this experimental study, it has been demonstrated that it is necessary to add some hydrophobic compounds to show the desired
performance in the external environment with MgO-doped epoxy resins. It should be supported by extra protection in such

dense liquid environments.
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1 Introduction

Epoxy resin has become an important insulation material for
electrical and electronic devices due to its excellent mechan-
ical and electrical performance. Its physical and chemical
properties play a vital role in the dielectric performance
and reliability of most electrical systems [1, 2]. Nanocom-
posite materials are hybrid materials with a size of 1 to
100 nm. Polymer nanocomposites have many advantages
despite pure filling polymer. Thanks to the addition, a poly-
mer can be improved its electrical, mechanical and thermal
properties, such as electrical conductivity, dielectric strength,
capacitance, dielectric constant, tensile strength and elastic-
ity. Thus, the safety and reliability of insulation materials
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can be increased, and costs of system integration and main-
tenance can be decreased [3-5].

There are some studies for improving the tracking per-
formance of epoxy resin by adding different materials to
epoxy samples in the literature. In [6-9], epoxy/MgO com-
posite samples were prepared by adding 0.1%, 1%, 2%, 6%
and 10% MgO to the epoxy resin and tracking tests were
carried out on the surface. They observed that the tracking
failure decreased due to increased MgO concentration by
weight in these studies. In [10], epoxy/TiO; composite sam-
ples were prepared by adding 1%, 3%, 5% and 7% TiO, to the
epoxy resin. As aresult of DC tracking tests in these samples,
while the tracking formation behavior and erosion gradually
decreased in samples with 0-5% concentration, the oppo-
site results were observed in samples with a concentration of
5-7%. Epoxy samples were prepared by adding 50% SiO»,
and in these studies, thermal properties and stability of epoxy
composite samples were investigated [11, 12]. The thermal
conductivity of epoxy resin is lower than metal and ceramic,
and it is preferred as a coating material in the electrical and
electronic industry. Tracking tests of nanoclay-added epoxy
samples were carried out, and it is found that the amplitude
of leakage current decreased with increased nanoclay rate in
epoxy resin [13, 14]. Epoxy/Al,O3 were prepared by adding
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different rates, and they were tested in terms of electrical
properties [15-18]. The tracking resistance also increased
with the addition of Al,O3. Thus, dielectric losses in epoxy
resin decreased. The prepared epoxy resin was stored in pure
water for 24 h, 48 h, 72 h, 96 h and 120 h to determine the
resistance of epoxy resin against heat, water absorption and
their multiple effects [19]. The tracking resistance of epoxy
resin significantly decreased with increased water absorption
time.

Nano-MgO has an excellent electrical insulating property.
Nano-MgO is used in the radio industry for high-precision
magnetic rod antenna, insulating material filling and mag-
netic material filling. In this paper, in order to investigate
the effect of nano-MgO on tracking resistance, epoxy/MgO
composite samples were prepared by adding 1%, 3% and
5% MgO to the epoxy resin. Some of the prepared sam-
ples were stored in pure water for 24 h, 48 h, 72 h, 96 h and
120 h. Another part of the prepared samples did not apply any
aging process. Then, these aged and non-aged samples were
tested by the comparative tracking index test method. Leak-
age currents were recorded from the surface of the sample
during these experiments. Leakage currents were analyzed
by the harmonic analysis method using Fourier transform.
As a result, these experiments were evaluated in terms of
weight loss of samples, droplet number of the beginning of
carbonization, droplet number of the beginning of cavitation
and harmonic orders.

2 Materials and methods
2.1 The preparation of test samples

The epoxy resin used in samples is a two-component,
reaction-drying epoxy resin. In the preparation of the sam-
ples, the weight ratio of mixed is 1.6:1 (epoxy: hardener).
These are catalyzer (hardener) and epoxy resin, respectively.
In this study, commercially available Nanografi Nano Tech-
nology product with 98% purity, 20 nm MgO was used to
prepare epoxy/MgO composites. Preparation steps of sam-
ples are shown in Fig. 1. First, nanosized MgO particles were
added to the pure epoxy resin mixture. 1%, 3% and 5% by
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weight of nano-MgO particles, respectively, were added to
the mixing bowl before catalyzer was added. Then, these mix-
tures were mixed homogeneously and catalyzer (hardener)
was added. In this way, homogeneous epoxy/MgO compos-
ites have been obtained. The prepared mixtures were molded
in the size 12 cm x 5 cm x 0.5 cm. The surfaces of the
samples that were kept in molds for 18 h were evaluated by
visual inspection after they hardened.

These samples prepared in a laboratory environment were
kept in pure water for 24 h, 48 h, 72 h, 96 h and 120 h in
order to observe the aging effect of water which is one of
the environmental factors. The aging container is an airtight
glass container with a depth of 10 cm and dimensions of 30
x 40 cm. The temperature of the water in the aging container
was 20 °C.

2.2 The experimental setup

ASTM-D5288 and IEC 60,112 test standard is used to
evaluate the tracking resistance performance of insulation
materials from low voltages up to 600 V [20]. The main
purpose of this method is to evaluate the comparative track-
ing resistance performance under wet and dirty conditions.
Firstly, IEC 60,112 was published in 1959 and then has been
revised many times. In this study, the test setup was pre-
pared based on ASTM D5288-14, which was the revised last
version in 2014 [21]. Electrolyte drops are dropped on the
sample surface at 30 £ 5 s intervals during the experiment. At
the end of 50 drops, the experiment is finished. Experiments
were repeated 5 times for every condition as indicated in the
relevant standard. The electrolyte is a solution approximate
concentration of 0.1% NH4CI. According to ASTM D5288-
14 standard, the resistivity of the test solution must be 385 +
5 Q cm at 23 £+ 0.5 °C ambient temperature [21]. The elec-
trode arrangement in the test setup is shown in Fig. 2. The
width of copper electrode in the test setup is 5 mm and its
thickness is 2 mm. Itis placed symmetrically on the sample so
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that the angle between the electrodes is 60 £ 5° [20, 21]. The
distance between the electrodes should be 4 £ 0.2 mm. Tests
must be carried out at 20 &+ 5 °C ambient temperature and in
a draft-free environment. The current between the electrodes
should not exceed 0.5 A for 2 s during the experiments. The
block diagram of the used experimental setup is shown in
Fig. 3. Here, variac is used to arrange the applied voltage.
The leakage current was recorded in the experimental setup
by A/D converter, which sample rate is 48 kHz. The top pho-
tograph of the experimental setup and the side photograph
of electrode arrangement are shown in Fig. 4. In this study,
1%, 3% and 5% nanosized MgO-added samples were pre-
pared. Later, these prepared samples were kept in pure water
for 24 h, 48 h, 72 h, 96 h and 120 h. Finally, the samples
were subjected to CTI test in a laboratory environment under
400V, 500 V and 600 V [22].

2.3 The harmonic analysis of leakage current

Harmonic components are frequently used when investigat-
ing the deterioration of polymeric insulators due to aging
[23-25]. Defects in transmission and distribution lines cause
non-sinusoidal signals. J. Fourier showed that non-sinusoidal
periodic waves consist of the sum of many sinusoidal waves

with different amplitudes and frequencies. It is possible to
separate non-sinusoidal waves into sinusoidal waves with
varying amplitude frequencies with Fourier series [26].

The Fourier transform of an f(t) is as follows:

F(w) = / fe I dt 1)

The inverse Fourier transform of an F (w) is as follows:

oo

f(t)=% / F(@)e do @

—00

In Eq. (1) and (2),

f(): To be analyzed signal.

F (w): Fourier transform of signal.

t: Time.

¢/®: Transform function.

These two equations are used to convert any function of
the time or frequency domain (— 0o, 00) to a continuous
function in the inverse domain.

During the experiment, the leakage currents flowing
through the sample surface were transferred to the computer
with an analog/digital converter over the ground electrode.
The sampling frequency of the A/D converter used is 48 kHz.
The recorded leakage current was decomposed into their har-
monic components by Fourier transforms. In this step, Eq. (2)
and Eq. (3) are used for decomposition into its harmonic com-
ponents was calculated 3 s after evaporation of the number of
drops where carbonation begins and cavitation starts falling
onto the sample surface. The experiments were repeated 5
times for each condition. The signal recorded from the sam-
ple closest to the mean of the beginning drop number of

Ground
electrode
¥/

| ——

Fig.4 a Top photograph of experimental setup, b side photograph of the electrode arrangement
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carbonization formation and cavitation beginning drop num-
ber was selected for harmonic analysis. In this study, the first
50 Hz component was obtained. Later, 150, 250, 350 and
450 Hz components were obtained. The singular harmonic
distortion for n'™ harmonic order of current was expressed by
Eq. (3). Using Eq. (3) and the obtained signs, 3rd, 5th, 7th
and 9th harmonic distortion values were calculated.

I

Nmax

HD, =
n i

3

max

In Eq. (3),
H D,,: nth harmonic distortion.
I, nth harmonic component.

Nmax
I, .. : Fundamental harmonic component.

max

3 Results

The weight losses occurring in the samples with testing the
samples under three different voltage levels are shown in
Fig. 5. The weight losses in this figure are arithmetic average
of five samples results. The weight loss increased with the
increase in the voltage level. The weight loss at 600 V was
lower in the sample with non-adding compared to the other
voltage levels (Fig. 5 (a)). In the non-adding samples, weight
losses increased with the increase in the keeping time in water
atall voltage levels. At400 V and 500 V, the least weight loss
is observed in the samples not kept in water with 1% MgO
addition (Fig. 5b). At 600 V, the least weight loss is observed
in the samples kept in water for 96 h with 1% MgO addition
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(Fig. 5 b). The weight loss of samples kept in water for 72 h
and 120 h was approximately eight times at 600 V compared
to 500 V. Approximately, the same results were observed at
400V and 500 V levels in terms of weight loss in the samples
with 3% MgO addition (Fig. 5¢). The least weight loss was
observed in samples that were not kept in water at 400 V, kept
in water for 48 h at 500 V, kept in water for 120 h at 600 V.
In the sample kept in water for 72 h, it was observed that
the weight loss increased three times when the voltage level
was increased from 400 to 500 V, while it increased 12 times
from 500 to 600 V. The weight losses in samples with 5%
MgO addition showed almost similar properties at 400 V and
500 V (Fig. 5d). In the sample kept in water for 24 h, weight
loss at 500 V was four times compared to other samples.
While weight loss in all samples increased with increasing
500 V to 600 V, weight loss decreased by almost 80% only
in the sample kept in water for 96 h for this situation. The
hydrophobic properties of the surface were deteriorated, and
the harmonic values were increased in the samples that kept
in water for more than 72 h. So, the material was exposed to
less energy and caused less material loss with the increase in
the surface conductivity.

The droplet number of the beginning of carbonization
that tested the samples under three different voltage levels
is shown in Fig. 6. The number of drops in this figure is
arithmetic average of five samples’ results. As a result of the
visual examinations during the experiments, it was observed
that the carbonization took place earlier with increasing the
voltage level. The carbonization has taken place earlier in
the samples kept in water. For non-adding samples at 400 V,
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the longest time was observed in the sample kept in water
for 72 h, while the shortest time was observed in the sample
kept in water for 120 h (Fig. 6a). For non-adding samples
at 500 V, the longest time was observed in the sample kept
in water for 24 h, while the shortest time was observed in
the sample kept in water for 72, 96 and 120 h. In exper-
iments carried out at 600 V with non-adding samples, the
beginning carbonization droplet number is approximately
equal (Fig. 6a). In experiments carried out at 400 V with
1% MgO-added samples, the carbonization time decreased
as the keeping time in water increased except for 24 h. In
particular, there was a striking decrease in the samples kept
in water for 96 and 120 h (Fig. 6b). For this adding ratio, it
has been observed that keeping in water negatively affects the
sample. For 1% MgO-added samples at 500 V, the longest
time was observed in the sample kept in water for 24 h, while
the shortest time was observed in the sample kept in water for
96 h. For 1% MgO-added samples at 600 V, the beginning of
carbonization’s droplet number is approximately equaled in
all storing hours (Fig. 6b). In the experiments conducted with
3% MgO-added samples at 500 V and 600 V, samples kept
in water and not kept in water showed approximately similar
behavior (Fig. 6¢). For this adding ratio, the beginning time of
carbonization was significantly reduced with increased kept
time in water in the experiments conducted at 400 V. Thus,
it can be concluded that the tracking resistance of the sam-
ples containing 3% MgO decreased considerably with kept
in water for 96 and 120 h (Fig. 6¢). For 5% MgO-added sam-
ples at 400 V and 500 V, carbonization occurred earlier with
the increased keep time in the water. For this adding ratio, the

samples kept in water for 96 and 120 h and not kept in water
showed similar behavior at 600 V (Fig. 6d). According to the
number of drops where carbonization begins, it can be said
that the added samples showed better performance compared
to the non-adding samples.

The droplet number of the beginning of cavitation with
testing the samples under three different voltage levels is
shown in Fig. 7. The number of drops in this figure is arith-
metic average of five samples results. The samples in which
cavitation occurs latest are generally observed those with
400 V applied. The increasing voltage level was caused the
cavitation to occur earlier. Comparing the non-adding sam-
ples and the added samples, cavitation occurred in a shorter
time in the added samples. It can be concluded that adding
is a factor that causes cavitation events earlier. In the experi-
ments with 1% MgO-added samples, the difference between
the number of drops in which cavitation occurs has decreased
with the increase in the keeping time in the water. The sam-
ples kept in water for 96 h and 120 h showed similar behavior
for all voltage levels. In the experiments carried out with 3%
and 5% MgO-added samples under 400 V voltage, the time to
form cavitation has shortened with the increase in the keep-
ing time in the water. But this is not valid for experiments at
500 V and 600 V.

The calculated harmonic distortions of samples at 400 V
are shown in Fig. 8. All the calculations belong to the droplet
in which the carbonization began. From the figures, it can
be seen that the 3rd harmonic component is more dominant
than the other components. As the harmonic order increased,
the calculated harmonic distortion decreased. In non-aged
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samples, the 3rd harmonic is the most dominant in the 5%
MgO-added sample (Fig. 8d). In the non-aged sample in
Fig. 8d, harmonic distortion of more than 5% was calculated.
The negative effect of aging with water was observed at the
highest in the 3rd harmonic distortion order. For all samples
for the 5th harmonic order, it was observed that 96 h-aged
samples were affected more negatively than the other sam-
ples. For the 11th harmonic order of the 5% MgO sample
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(Fig. 8d), the 120 h-aged sample was affected more nega-
tively than the other samples at the same voltage level and
harmonic order.

The calculated harmonic distortions of samples at 500 V
are shown in Fig. 9. All the calculations belong to the droplet
in which the carbonization began. From the figures, it can be
seen that the 3rd harmonic component is more dominant than
the other components. As the harmonic order increased, the
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calculated harmonic distortion decreased. The harmonic dis-
tortions at 500 V were higher than the harmonic distortions at
400 V. When the voltage level increased above 500 V, the 3rd
harmonic distortion increased above 5%. For the non-adding
sample (Fig. 9 (a)), the least affected sample in water aging
was a 24 h-aged sample for the 3rd harmonic distortion. How-
ever, the most negative case for the Sth harmonic distortion
was observed in the 24 h-aged sample. For non-adding sam-
ples (Fig. 9a), the harmonic distortions of the 120 h-aged
sample decreased as the harmonic level increased. For 1%
MgO-added samples (Fig. 9b), more harmonic distortion was
calculated for 24 h-aged and 48 h-aged samples compared to
the non-aged sample for the 3rd harmonic order. 72 h-aged,
96 h-aged and 120 h-aged samples had a harmonic distortion
below 5%. At the 5th harmonic order, 24 h-aged samples had
almost two times higher harmonic distortion than the sam-
ples at the same level. It can be said that the 7th, 9th and
11th harmonic orders were affected similarly. For 3% MgO-
added samples (Fig. 9c), the harmonic distortion increased
as the water aging duration increased in the 3rd harmonic
order. The most negative effect was seen for the non-aged
sample for the 5th harmonic order. The samples in Fig. 9
with 3% MgO addition were the adding ratio with the lowest
harmonic distortion. For 5% MgO-added samples (Fig. 9d),
non-aged and 48 h-aged samples at the 3rd harmonic order
had the harmonic distortion below 5%. The effect of water
aging increased the harmonic distortion as the water aging
duration increased by 5% adding ratio.

The calculated harmonic distortions of samples at 600 V
are shown in Fig. 10. All the calculations belong to the droplet

0.04 0.04
|‘ ‘I I =
Il i || n || |l 5 I

=96h aged 0.06
120h aged
0.04 0.04
I|| hi || |
0 I I ll II I| || 0

3"1 slh 7lh glh 1 1lh

(a) (b)
0.1

=non-aged =non-aged

=24h aged =24h aged

48haged  0.08 48h aged

=72h aged =72h aged

=96h aged

*120h aged

slh slh lh gth 1 1!h
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in which the carbonization began. From the figures, it can
be seen that the 3rd harmonic component is more dominant
than the other components according to signal of selected
sample. As the harmonic order increased, the calculated har-
monic distortion decreased. The highest harmonic at 600 V
was calculated for 5% MgO samples. For non-adding sam-
ples (Fig. 10a), the aging water effect caused the harmonic
distortion to increase three times. The lowest effect of water
was observed in the 120 h-aged sample. For 1% MgO-added
samples (Fig. 10b), the 3rd harmonic order was below 5%
level only for 72 h-aged sample. The lowest harmonic distor-
tion at the Sth harmonic order was calculated for the non-aged
sample. As the water aging duration increased, the harmonic
distortions at the Sth harmonic order increased. For 3% MgO-
added samples (Fig. 10c), the 3rd harmonic order was above
5% for 72 h-aged and 96 h-aged samples. The most negative
effect was seen for the 96 h-aged sample as the harmonic
level increased. For 1% MgO-added samples (Fig. 10d), the
3rd harmonic order was below 5% level only for 48 h-aged
sample. Other samples at the 3rd harmonic order were neg-
atively affected by water aging.

The calculated harmonic distortions of samples at 400 V
are shown in Fig. 11. All the calculations belong to the droplet
in which the carbonization began. From the figures, it can be
seen that the 3rd harmonic component is more dominant than
the other components. As the harmonic order increased, the
calculated harmonic distortion decreased. For the non-adding
samples (Fig. 11a), the lowest 3rd harmonic distortion was
calculated for the non-aged sample. For the 3rd harmonic
order, a harmonic distortion above 5% was calculated for
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24 h-aged, 48 h-aged, 72 h-aged and 96 h-aged samples.
120 h-aged sample, which is a water-aged sample, gener-
ated the least harmonic among the samples with water aging.
In samples with 1% MgO addition (Fig. 11b), when the 3rd
harmonic distortion was analyzed, 96 h-aged and 120 h-aged
samples had harmonic distortion below 5% harmonic distor-
tion. At the 5th harmonic order, the 48 h-aged sample had
a higher harmonic compared to other samples. In samples
with 3% MgO addition (Fig. 11c), when the 3rd harmonic
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distortion was analyzed, non-aged and 96 h-aged samples
had harmonics above 5% harmonic distortion. In the 5th
harmonic distortion, the 120 h-aged sample had higher har-
monic distortion compared to the samples at the same level.
Samples at the 7th, 9th and 11th harmonic orders had a sim-
ilar harmonic distortion. In samples with 5% MgO addition
(Fig. 11d), when the 3rd harmonic distortion was analyzed,
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the 24 h-aged sample had 2.5 times higher harmonic distor-
tion than the non-aged sample. For the 5% adding ratio, the
least harmonic distortion occurred in the 48 h-aged sample.

The calculated harmonic distortions of samples at 500 V
are shown in Fig. 12. All the calculations belong to the droplet
in which the carbonization began. From the figures, it can
be seen that the 3rd harmonic component is more dominant
than the other components. As the harmonic order increased,
the calculated harmonic distortion decreased. For non-adding
samples (Fig. 12a), it was observed that water aging increased
harmonic distortion. For the 3rd harmonic order, the sam-
ples affected from the water had harmonic distortion above
5% level. As the harmonic order increased, higher harmonic
distortion was calculated for the 24 h-aged sample. For 1%
MgO-added samples (Fig. 12b), the only 72 h-aged sam-
ple had harmonic distortion below 5% for the 3rd harmonic
distortion. As the harmonic distortion order increased, the
highest harmonic distortions were observed in 48 h-aged
and 96 h-aged samples. For the 3% MgO-added sample
(Fig. 12c¢), the highest harmonic distortion was observed in
the non-aged sample for the 3rd harmonic distortion. At the
3rd harmonic distortion level, 24 h-aged and 48 h-aged sam-
ples had harmonics below 5% harmonic distortion. The high
harmonic distortions in the non-aged sample also occurred in
other harmonic levels. The lowest harmonics were observed
for the 48 h-aged sample. In samples with 5% MgO addition
(Fig. 12d), 48 h-aged and 96 h-aged samples had harmonic
distortion below 5% harmonic distortion for the 3rd harmonic
distortion. For the 5th harmonic level, 24 h-aged and 120 h-
aged samples had higher harmonic. For the 7th harmonic, the
120 h-aged sample had a higher harmonic.

The calculated harmonic distortions of samples at 600 V
are shown in Fig. 13. All the calculations belong to the droplet
in which the carbonization began. From the figures, it can
be seen that the 3rd harmonic component is more dominant
than the other components. As the harmonic order increased,
the calculated harmonic distortion decreased. The harmonic
distortions observed in the material were higher at 600 V
compared to samples with 400 V and 500 V. In non-adding
samples (Fig. 13a), calculated harmonics for all samples were
above 5% for the 3rd harmonic order. Similar results, as the
harmonic level recorded more than 5%, were obtained as
the harmonic order increased. The 72 h-aged sample was the
sample with the lowest harmonic. For samples with 1% MgO
addition (Fig. 13b), there was harmonic distortion below 5%
only for the 120 h-aged sample at the 3™ harmonic order. It
was observed that the 24 h-aged sample harmonic distortion
decreased as the harmonic level increased. In 3% MgO-added
samples (Fig. 13c), a harmonic distortion below 5% was
observed for the non-aged sample at the 3rd harmonic order.
While high harmonics were observed in samples aged with
water, the highest harmonic was observed in the 72 h-aged
sample. While the lowest harmonics were observed in the
non-aged sample as the harmonic order increased, the lowest
harmonics were observed in the 24 h-aged sample. For 72 h-
aged and 96 h-aged samples, the highest harmonic distortion
was in the 7th and 9th harmonic order. For 5% MgO-added
samples (Fig. 13d), high harmonic distortions were observed
in all samples at the 3rd harmonic order. The highest har-
monic was calculated in the non-aged sample. The highest
harmonics for the 3rd, 5th and 9th harmonics were calculated
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Fig. 13 Harmonic orders in the 0.1 0.1
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for non-aged samples. The highest harmonic distortion at the
7th harmonic order was calculated for 48 h-aged sample.

4 Conclusions

In this study, the tracking performance of epoxy/MgO sam-
ples has been evaluated under the effect of kept in water for
different times, which is a coercive environmental parameter.
Non-adding and MgO-added samples were tested according
to IEC 60,112. The effect of adding MgO and keeping in
the water on tracking resistance of samples was evaluated
by experimental data and analysis of leakage current. The
results obtained as a result of the studies are as follows:

e The tracking resistance of the samples containing 3% MgO
was decreased significantly with kept in water for 96 and
120 h under 400 V.

e For epoxy insulation materials, it has been demonstrated
by CTI experiments that the requirement to apply a mini-
mum of 5% nanosized MgO addition will be more suitable
in terms of electrical efficiency. As a result of the experi-
ments, it was seen that 1% MgO and 3% MgO additions
were not sufficient for the epoxy insulation materials.

e It is observed that samples kept in the water for 96 h are
more adversely affected than other samples at 400 V in all
samples for the 5th harmonic order.

e For 5% adding ratio, harmonic distortion levels have
increased as the keeping time in water increased at 500 V.
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e The highest harmonic at 600 V was calculated for 5%
MgO samples. 5th harmonic distortion has increased as
the keeping time in water increased at 600 V.

e It has been observed that keeping in the water more
increased harmonic distortion in non-adding samples. The
MgO-added samples were less affected by keeping in
water.

It has been observed that the addition of MgO improves
the tracking resistance of the epoxy samples. These results
are in line with previous studies. But it was found that their
insulation performance decreased in the opposite way after
exposure to pure water. In this way, it is necessary to add
some hydrophobic compounds in order to improve the insu-
lation performance of MgO-added epoxy resin in the external
environment with these experimental studies. Besides, the
insulation materials can be supplemented with extra protec-
tion in such dense liquid environments.
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