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ABSTRACT

The aim of this paper is to present a review of the development and application of
superhydrophobic insulation for outdoor high voltage applications. The methods of
preparing insulation exhibiting superhydrophobic properties in order to mitigate the
pollution problem under high voltages in the outdoors are explored. In addition, existing
evaluation techniques at the material development stage are reviewed and potential new
modifications are discussed. The self-cleaning and anti-icing properties, the electrical
performance and prospects of superhydrophobic insulators are also addressed. Although
superhydrophobic insulators may show promising behavior in small-scale laboratory
conditions that do not employ electrical stress, the effect of surface micro-nano structure
responsible for the superhydrophobicity on performance under the actual outdoor and
weathering conditions under voltage remains to be fully understood and verified.
Therefore, there is a need to verify the feasibility of superhydrophobic insulators for
outdoor high voltage applications with a solid evaluation protocol, while employing
material screening methods in the laboratory, and with reference to field experience.

Index Terms — hydrophobicity, superhydrophobicity, self-cleaning, anti-icing,
outdoor insulators, pollution performance

moisture, icing and high voltage. There is a need to explore the

1 INTRODUCTION

OVER the past 30 years, various materials exhibiting
superhydrophobic properties have been studied for outdoor
high voltage insulation applications [1, 2]. Novel ways of
preparing such materials have been proposed, and a few of
them were reported useful at an industrial scale [3-5].
Evaluation of wettability, without applying electrical stress,
reported a significant increase in the static contact angle (CA)
[6-10]. Laboratory experiments performed under voltage have
reported an increase in flashover voltage of superhydrophobic
electrical insulators, as compared to conventional hydrophobic
insulators [11-13].

Nevertheless, the evaluation of these insulators has been
mostly limited to laboratory conditions and not thoroughly
performed under actual outdoor conditions of pollution,
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loss of superhydrophobic properties in the outdoors and the
role of the mechanical properties of the nanostructure that gives
rise to the superhydrophobic phenomenon. Aging performance
and durability remain questionable and need to be verified [14,
15]. Also the need for reliable maintenance and replacement
procedures after aging should be addressed. Therefore,
questions remain as to the state-of-the-art of such insulators and
their application for commercial applications [16]. This review
paper is focused on technical practical aspects pertained to the
application of the superhydrophobic materials as outdoor
electrical insulators.

2 WETTABILITY OF AN INSULATOR
SURFACE
Wettability of a clean insulator surface depends on the

strength of the intermolecular interaction between water
droplets and the insulator material. The measurement of the
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apparent contact angle on a flat insulating surface observed
between the tangent line drawn to a sessile water droplet
separating air and the material is the usual way of quantifying
wettability. A sessile water droplet has a definitive volume,
usually defined as 10 L.

The magnitude of the measured contact angle indicates the
balance of the intermolecular forces between the water droplet,
air, and the insulator surface. If the insulation material/water
adhesion forces are stronger than the cohesion forces within the
water molecules, then the water spreads on the surface.
Conversely, if the cohesive forces are stronger than the
adhesive forces between the water and insulation, then the
water remains as a sessile droplet on the insulation.

A hydrophilic surface has a water contact angle & less than
90°, while a hydrophobic surface has a water contact angle
greater than or equal to 90°. As an extension of these two basic
definitions, solid surfaces having 6 values greater than 150° are
called superhydrophobic.

Young’s equation [17], which will not be reproduced in this
paper as it is described in most papers dealing with
hydrophobicity, is the usual way of quantifying the wettability.
This equation is based on the assumption that the surface is
chemically homogenous and topographically smooth.
However, this is usually not true for the real solid surfaces, such
as insulator surface. In practice, a dynamic contact angle is
often observed, ranging between the advancing contact angle
and receding contact angle. Thus, without appropriate
modification, Young’s equation could not be applicable to the
discussion of wettability of insulator surfaces.

The degree of roughness can affect the wettability of a solid
surface. A rough surface consisting of hills and valleys in
which water diffuses into the roughness of the surface is a
better approximation of wettability and Wenzel’s equation [18]
is a more plausible way of demonstrating the contact angle. For
a hydrophilic surface, the contact angle will decrease with the
increase of surface roughness. On the contrary, if the surface is
hydrophobic, it will become even more hydrophobic when the
increase of surface roughness treatment is applied [19].
Furthermore, surface treatment must not produce polar
byproducts or alter the surface chemistry, otherwise the
superhydrophobicity will likely deteriorate. Once again, the
theoretical aspects are not included here as they appear in many
publications on the subject. It should be noted that the Wenzel
equation considers the roughness while the surface should be
chemically homogeneous. As practical insulator surfaces have
a multitude of surface structures due to pollution, the Wenzel
equation is still not complete to describe the wetting process on
the insulator surface [20].

Insulators can have varying degrees of surface heterogeneity
overtime and air pockets may be trapped in the valleys of the
surface structure. Thus, the contact angle involves air, water,
and solid surface interactions. Although the estimate of the
contact angle under these conditions is useful, the equation that
can describe the contact angle is even more complex.
Currently, the Cassie-Baxter equation is widely used to analyze
the contact angle on a flat surface with chemical heterogeneity
[21]. This equation was derived based on two-dimensional
model and is also adopted for the visual description of droplets
on superhydrophobic surfaces. In recent years, numerical
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approaches were utilized to extend the equation to three
dimensions [22, 23]. In summary, the presence of surface
roughness and chemical heterogeneity of the insulator surface,
contamination on the surface by foreign materials and drop size
effects are the most important aspects of wettability.

3 SUPERHYDROPHOBICITY

Water repellent properties, or superhydrophobicity, in nature
is a well-known phenomenon which has been extensively
studied in order to replicate the properties for industrial
applications. These studies on plants, insects and animals will
not be discussed here as they have appeared in numerous
publications. In all studies, a similar micrometer and nanometer
range structure has been found. For example, the micrometer
structure that ranges from 5 to 9 um with nanosized branches
having average diameters of about 120 nm are present on both
sides of the lotus leaf [24]. A low free energy is provided by a
wax that covers these micrometer diameter papillae. This two-
size range structure creates a large volume of air trapping when
in contact with water, which is essential for
superhydrophobicity [24].

Synthetic superhydrophobic surfaces were developed since
the 1990s [25]. The methods used to obtain superhydrophobic
surfaces can be divided into two main categories: 1) creating
nano- and/or microscale roughness on a hydrophobic surface
having a low surface free energy, and 2) modifying a former
micro/nanostructured rough surface by coating with a
hydrophobic layer having a low surface free energy. To the end
of 2020, the number of publications that appear in a Google
Scholar search for “superhydrophobic surfaces” exceeds
14,000.

4 APPLICATION METHODS TO
ELECTRICAL INSULATORS

4.1 ETCHING TECHNIQUES: PLASMA, LASER AND
CHEMICAL

A superhydrophobic insulator can be developed by etching a
hydrophobic insulating surface so that a micro-nano roughness
can be obtained. Common etching methods include non-
thermal plasma treatment in which the insulator surface is
impinged with free radicals, engraving the surface with laser
ablation, and chemically treating the surface with acids.
Research efforts have been mainly devoted to the application
of non-thermal plasma in the development of
superhydrophobic insulator surfaces because the process is
simple, environmentally friendly, and easy to control [3].

Table 1 summarizes the use of etching techniques reported in
the literature either for the development of superhydrophobic
insulators or the hydrophobicity improvement of existing
insulators.

4.2 SUPERHYDROPHOBIC COATINGS

In recent years, superhydrophobic coatings have attracted
more attention potentially as better alternatives for the
traditional Room Temperature vulcanizing (RTV) silicone
rubber coatings [1, 33]. The state-of-the-art has shown
superhydrophobic coatings for outdoor high voltage insulator
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evaluated by artificial contamination, water immersion,
ultraviolet exposition, icing and thermal stability tests.

Other material screening tests and surface failure
measurements conducted at high voltages have also been
suggested from an electrical insulation point of view, such as
dry arcing test, corona resistance test, inclined plan test,
leakage current, flashover voltage and surface conductance
measurements [34]. It should be noted that electrical properties
measured in standard tests at high voltages have also been
described for the evaluation of RTV silicone rubber coatings in
the IEEE guide for the application, maintenance, and
evaluation of RTV silicone rubber coatings for outdoor ceramic
insulators [35].

Generally, the fabrication of a superhydrophobic surface
could be accomplished via two kinds of approaches including
by creating air-infused hierarchical rough structures or by
infusing a lubricating liquid into low surface energy solid
surfaces [36]. In the air-infused hierarchical rough structurers
which is inspired by lotus effect [37], transition from Cassie to
Wenzel state are influenced by the Laplace pressure which
depends on surface geometry. Qil-infused surfaces inspired by
the Nepenthes (also known as tropical pitcher plants) present
extreme liquid repellency and slippery behavior. Most of the
matrices used for electrical insulators consist of polysiloxanes
loaded with silica, alumina and ATH [38-40].

Inspired by the lotus effect, a nano size silica coating has been
developed using sol — gel method by Ramalla et al [8]. The
superhydrophobic surface was generated by employing two
kinds of approaches: creating hierarchical structures on
hydrophobic surfaces and chemically modifying it with a low
surface free energy material including tetraethoxysilane
(TOES) and perflouorodiethlytrioxysilane (PDTS). Li et al
reported a very similar approach to achieve a superhydrophobic
coating for glass/porcelain insulators [10].

Peng et al [2] reported the fabrication of a multifunctional,
micro-nanoscale SiO./epoxy resin as a superhydrophobic
coating for composite insulators with superb anti-icing
performance. Liao et al [6] fabricated a superhydrophobic
coating by mixing the nanoparticle filling of hydrophobic
fumed silica along with the addition of fluorosilicone resin to
lower the surface energy, thus improving the anti-icing
property of insulators. Provided evidence revealed that the
fabricated superhydrophobic coating has delay-icing effect and
it could decrease ice accumulation due to the coarse surface
formed by silica nanoparticles.

Zhuang et al [41] investigated the effect of nano-sized
titanium dioxide (TiOz) on the performance of porcelain
insulator under contaminated conditions. It was reported that
TiO; films coated on the surface of the porcelain insulator
promoted the self-cleaning property and enhanced the
electrical properties of AC wet flashover voltage by
approximately 6% for a single insulator unit. However, it
should be noted that using TiO filler in outdoor insulators may
not be a competitive solution.

Gou et al [7] successfully achieved a superhydrophobic
surface by adjusting the contents of nanometer calcium
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carbonate and nano-silica particles in fluorosilicone resin. The
coated glass insulator showed superhydrophobic and excellent
anti-icing properties, respectively, at nano particle content of
33% (as compared to 20% and 49 %) and when 20% of the
surface area was covered by glaze ice.

Yao [42] fabricated a superhydrophobic coating by the
mixture of graphene and polydimethylsiloxane (PDMS). The
graphene was prepared by electrochemical stripping. High
contact angle of 160+2° and rolling off angle of 9° was reported
for this coating which was claimed to perform as an anti-ice
coating for insulator application.

By spray-coating of ZnO particles and multiwalled carbon
nanotubes (MWCNT) dispersed in PDMS elastomer, Zhu et al
[13] fabricated a superhydrophobic coating with superior
surface insulation strength (maximum 54% flashover voltage
increase) and moderate surface conductivity at about 3 x 10716
S/m. It was claimed that the invented approach provided a new
insight for simultaneously improving the multiple surface
properties of dielectric insulation.

In [43], a stable RTV silicone rubber/titanium dioxide
nanocomposite was prepared using a convenient spray coating
method. The number of deposited coatings was optimized to
three layers, since some superhydrophobicity was lost by
adding a fourth layer, due to the reduction in surface roughness.
However, it should be noted that finding the most useful
number of coating layers may require further investigation in
actual field conditions. The synergistic effect of the
micro/nanobinary scale roughness similar to Lotus leaves was
produced by a multilayer RTV SR/TiO, composite.

Zhao et al [9] fabricated a superhydrophobic coating using
PDMS loaded with nanosilica filler for glass insulators.
Compared to a commercial RTV silicone coating, the
fabricated coating exhibited reduced ice accumulation and an
increased flashover voltage from 75 kV to 100 kV. Fabrication
of nanocomposites could generally increase the hydrophobicity
of insulators. However, nanoparticles agglomerate easily due
to their high surface energy and achieving a well-dispersed
nanocomposite may encounter manufacturing problems.

Based on lubricant-infused surfaces approach, Zhu et al [44]
introduced a silicon-oil-infused PDMS porous surfaces by the
aid of silica particle for icephobic insulator coatings. Evidence
showed the water repellency improved and low ice adhesion
strength of 50 kPa (about 3% of the value on a bare surface of
Al), by adding silicone oil to the coating, due to the creation of
a nonpolar surface with a low surface tension.

Table 1. Application of etching methods in the development of
superhydrophobic electrical insulation.

Etching
Technique

Superhydrophobic

Insulation Material Ref

Atmospheric-
pressure air

High temperature
vulcanized (HTV) [3]

plasma silicone rubber
Ar/
Tetramethylsilane
inan Epoxy resin [26]

atmospheric
pressure plasma
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Plasma jet

treatment HTV silicone rubber [27]
Nd:YAG

nanosecond Silicone Rubber [28]
laser

Multi-function Silicone rubber [29]

laser

Fluorosilicone and
epoxy resins filled with

Acetic acid nano-sized silica and (7]
calcium carbonate
Steric Acid Epoxy resin filled \_Nlth [30]
magnesium hydroxide
Oxygen Polydimethylsiloxane [31]
Copper .
nanoparticle Silicone [32]

4.3 REPLICATION MOLDING METHODS

As an industrial practical technique for fabrication of
superhydrophobic polymeric surfaces, replication molding has
been proposed. Different polymer basis and polymer molding
processes including injection molding, compression molding,
hot embossing and polymer casting have been utilized to
fabricate superhydrophobic surfaces. A comprehensive state-
of-the-art review on replication molding techniques of
superhydrophobic surfaces can be found in [4]. Relatively,
little attention has been given to the application of replication
molding techniques to develop superhydrophobic surface with
potential use in high voltage outdoor insulation applications.

Yan et al used a laser ablated template to produce micro-
nano roughness on silicone rubber insulation [45], and Wang
et al combined the use of a template with compression molding
in order to develop a superhydrophobic high temperature
vulcanized (HTV) silicone rubber [46]. Maghsoudi et al
benefited from applying a perfluorooctylsilane anti-stiction
coating on the micro/nanostructured aluminum template
surface in compression molding of HTV silicone rubber to
enhance the replication quality. It was well proved that the
release agent with very low surface energy did not transfer to
the silicone rubber surface during replication process and hence
concluded does not affect the hydrophobicity of silicone
rubber. The silicone rubber surface showed super
hydrophobicity, icephobicity and self-cleaning properties
which makes this fabrication a suitable choice for high-voltage
composite insulators [47].

Mulroney and Gupta reported using an intermediary for
demolding PDMS from a microtextured template to improve
the surface quality. In the utilized process, the microtexture was
transferred from the aluminum template to the polycarbonate
surface and then from the polycarbonate to the PDMS.
Therefore, PDMS was demolded easily with a better surface
quality. The height of the microstructures replicated directly
from aluminum was much higher compared to microstructures
replicated from polycarbonate [48].

5 SELF-CLEANING, ANTI-ICING,
ELECTRICAL PERFORMANCE AND
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PROSPECTS OF SUPERHYDROPHOBIC
INSULATORS

Self-cleaning  enhances the  resistance of  the
superhydrophobic surface to contamination. The self-cleaning
property can be evaluated by the ability of a rolling water
droplet to easily wash off contaminants on a superhydrophobic
surface inclined at an angle, known as the rolling off angle.
Micro-nano  structure on  superhydrophobic  surfaces
significantly diminish the adhesion of surface contaminants by
a factor that corresponds the effective contact area between the
surface and the contaminant [49], thereby achieving rolling off
angles < 10°. Anti-icing has been another sought property of
superhydrophobic insulators, particularly in order to minimize
the number of unplanned outages due to insulator icing in cold
climates.

Self-cleaning and anti-icing properties can expand dry-band
areas on an outdoor insulator surface, which increases the
surface resistance along the flashover path, and eventually the
flashover voltage [12]. In addition, micro-nano surface
structure could suppress the accumulation of surface charge
and reduce the depth of charge traps on the insulator, which
also increase the flashover voltage [50].

However, the wettability of self-cleaning under voltage was
shown dependent on the nature of the wetting mode [42]. Self-
cleaning suppressed leakage current during a modified rotating
wheel dip test and the clean fog test under voltage, but no
enhancement of electrical performance was observed during
the condensation test under voltage [51]. Superhydrophobic
surfaces tested under voltage were prone to the formation of
wet layers when the surface was subject to dew, produced in
the condensation test [51]. Tested insulator surfaces could wet
out, as soon as their superhydrophobicity was lost [15, 51].

Corona etching on superhydrophobic insulator surfaces were
shown to be destructive to the surface fabricated micro-nano
structure, which questioned the approach of only using the
direct replica fabrication method without chemically
modifying the base material of the insulator to be
superhydrophobic [14]. Experimental results showed that a
superhydrophobic insulator surface could be transformed to be
completely superhydrophilic after corona aging [15]. The
hydrophobicity recovery was reported to undergo two phases,
(1) fast recovery and (2) slow recovery. The fast recovery phase
is quicker after fewer hours of corona aging and was reported
as quick as about 2.4 hours in order to restore the contact angle
to 114.6° after 10 hours of corona aging, whereas the second
recovery stage could be as slow as 57.6 hours to restore the
contact angle a value of 144.3°. Although superhydrophobicity
was fully recovered after corona aging [14], recovery was not
achieved to a similar extent after water immersion aging [15].
Thus, once Wenzel’s state was reached, it became difficult to
retain Cassie’s state on an insulator surface [15].

In  addition, although icephobic  properties of
superhydrophobic insulators were promising, complete
prevention of ice formation could not be achieved [52, 53].
Jung et al studied the freezing mechanism of supercooled
droplet on surfaces and proved that icephobicity could fail by
simple changes in environmental conditions like humidity
and/or the flow of a surrounding gas [54]. Other research also
proved that superhydrophobic surfaces cannot reduce ice
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adhesion [52] or even accelerate the ice nucleation rate under
extreme humidity [47]. These findings might be related to the
loss of the air voids in the porous structure caused by water
condensation in the porous surface [55]. In this regard, a
smooth hydrophobic surface may present better icephobic
properties although does not serve as a superhydrophobic
surface [56]. Zhu et al introduced a liquid-infused porous
surfaces (LIPS) material based on silicon-oil-infused PDMS
for icephobic insulator coatings [44].

In the presence of superhydrophobic coatings, it was
demonstrated that the dielectric breakdown strength of PDMS
sheets under wet conditions does not reduce significantly
compared to dry condition due to their surface roughness [31].
While experiments reported in [31] were controlled, they seem
to lack strong relevance to outdoor insulation applications.
Therefore, further discussion of the experimental outcomes in
[31] is not provided herein. The superhydrophobic coatings
assist water droplets to roll off from the surface due to its low
contact angle hysteresis. Hence, under wet condition, the
superhydrophobic coating on the insulator surface allows the
retention of its dielectric strength, which could enhance the
performance and prolong the service life of insulators.

6 MATERIAL EVALUATION AND
SCREENING METHODS

In a way analogous to hydrophobicity, superhydrophobicity
of outdoor insulators would be expected to be lost under the
effect of various factors such as corona, weathering and ultra-
violet radiation in the electrical power system. There is a lack
of information available about the aging performance of
superhydrophobic surfaces in outdoor insulation conditions
and the corresponding aging evaluation at the material
development stage. A particular concern would be the effect of
the remarkable surface roughness of superhydrophobic surface,
when the hydrophobicity is lost in service, on various
properties such as tracking, erosion resistances and the ability
to recover hydrophobicity.

6.1 TRACKING AND EROSION

An insulating surface tracks due to the formation of
conducting carbon (graphite)-based residue as the surface is hit
by discharges, whereas loss of surface material due to pyrolysis
(combustion) during the discharge is called erosion. Allowing
the insulator surface to be superhydrophobic may in general
enhance the tracking resistance of polymeric materials, as
determined with the comparative tracking index of the IEC
60112 [57]. However, verifying composites for outdoor high
voltage insulation requires testing under higher electric stresses
preferably with inclined plane specimens according to IEC
60587 or ASTM D2303.

In addition, outdoor insulation composites are highly loaded
with inorganic fillers, which prevents the tendency of the
composite to track and therefore erosion becomes the property
of primary interest. Applying the constant voltage method as
per IEC 60587 and ASTM D2303 has been the most accepted
inclined plane test (IPT) method for measuring the erosion
resistance of outdoor insulation housing materials. The critical
test voltage commonly accepted for outdoor insulation housing
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materials is 4.5 kV ACms in general [58], but this test voltage
level has not been specified as firmly for coatings. Similarly,
the constant voltage method could be applied in order to verify
the erosion performance of superhydrophobic coatings.
Generally, surface texture or surface roughness may alter the
wetting behavior of the surface and thus the nature of the dry-
band arcing. Silicone rubber materials with textured surfaces at
the millimeter scale showed better performance as compared to
untextured counter samples in the inclined plane tracking and
erosion test [59]. Superhydrophobic surfaces have completely
different scale of surface texture (micro-nano roughness) and
therefore needs to be verified with IPT as per the ASTM D2303
or IEC 60587.

However, initial surface wettability is an important aspect
that needs to be addressed for the inclined plane tracking and
erosion tests to be suitable for evaluating superhydrophobic
insulators. The IPT is a test for tracking, erosion and should not
be employed to test for hydrophobicity. The standard liquid
contaminant applied on the surface under test must wet out the
surface before starting the test. The Triton X100 is added to
the liquid contaminant of the inclined plane tracking and
erosion test at 0.02 wt% as per IEC 60587 and ASTM D2303
in order to obtain hydrophilic surface before starting the test.
In other words, the effect of the fabricated micro-nano structure
on the tracking and erosion needs to be evaluated when the
surface is hydrophilic.

The use of Triton X100 and its recommended amount need
therefore to be verified for testing a superhydrophobic surfaces
in the inclined plane tracking and erosion tests. In addition, the
inclined setup of test as recommended by the IEC 560587 and
ASTM D2303 may promote self-cleaning, which represents an
obstacle in wetting out the surface before starting the test.
Treatment of the superhydrophobic surface under test may be
attempted in order to turn it into a hydrophilic surface. The
treatment must be performed without damaging the fabricated
micro-nano roughness. For example, treatment with corona
may damage the micro-nano surface roughness [14], but water
immersion aging potentially appear suitable for deteriorating
the hydrophobicity without damaging the micro-nano surface
roughness [15].

6.2 EVALUATING HYDROPHOBICITY UNDER
VOLTAGE

Loss of hydrophobicity in polluted conditions can give rise to
leakage current under voltage. Thus, it has been an important
life expectancy indicator of outdoor insulators and therefore
should be a more important parameter when evaluating
superhydrophobic surfaces than simple contact angle
measurements. Very limited number of studies have evaluated
the loss of hydrophobicity for superhydrophobic insulators
under voltage. Studies were conducted using modified rotating
wheel test and multi stress test were reported in [15], but more
thorough investigation is required with various wetting modes
as in the salt-fog test for example, while employing different
salt-fog conductivity and flow rates. In addition, evaluation
conducted in field testing stations is another task that has yet to
be conducted in order to verify the performance of
superhydrophobic insulators on site. The so-called dynamic
drop test has been conducted in evaluating the hydrophobicity
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retention of outdoor insulation materials under voltage [60],
but this test may need to be modified for superhydrophobic
surfaces. The inclined setup of the dynamic drop test may bias
the test conditions by promoting self-cleaning of the surface
under test, thus making it difficult to wet the surface under
electric field and extending the test time to be an impractical
extent.

The evaluation of superhydrophobic surfaces may be
improved by adding intelligent-based, image processing and
mapping techniques, such as artificial neural network, support
vector machine, self-organizing map, k-nearest neighbor
(KNN) algorithm, etc., in order to -characterize the
superhydrophobic surface during the material screening tests.
These techniques may help characterize the evolution of
surface hydrophobicity loss or its recovery during aging tests
in the laboratory or in the actual field conditions. They can also
reduce error in providing a decision, assist human intervention
in decision-making, increase accuracy, save time and can be
easily extended for future use.

7 CONCLUSIONS AND OUTLOOK FOR
SUCCESS

Superhydrophobic insulators promising self-cleaning and
icephobicity properties in small-scale laboratory evaluation
employing none-electrical measurements, but extensive
verification in both standard laboratory and contaminated field
conditions under voltage is yet required in order to verify the
viability of these electrical insulators outdoors. In summary the
following technical aspects can be highlighted.

e Full understanding of the durability of the
superhydrophobic properties remain unknown under the
effect of voltage, contamination and moisture with different
wetting modes.

e With corona aging and weathering, wetting of the
superhydrophobic insulator becomes inevitable; therefore,
the effect of the surface micro-nano roughness, which

responsible for superhydrophobicity, on
hydrophilic/superhydrophilic  behavior needs to be
understood.

e An important aspect is yet to be understood is the effect of
the surface micro-nano structure of a superhydrophobic
surface on the electric field distribution, particularly during
condensation.

e There is no clear mechanism for replacement/maintenance
of fabricated texture on the superhydrophobic insulators.
This is an important practical aspect that needs to be
addressed. For example, RTV silicone rubber coating can
be replaced as they are approaching heir life expectancy.

o Lack of experience is evident on the applying the suitable
material screening methods performed for
superhydrophobic insulators under voltage in the laboratory
at the material development stage. In addition, a reliable test
protocol in actual field conditions needs to be developed in
order to verify the viability of the superhydrophobic
insulators.

e Lack of reported experience about the application of
superhydrophobic outdoor high voltage insulators is
evident. This experience is important in order to understand
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the viability of these materials in outdoor high voltage
insulation applications.
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