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Abstract:

A superhydrophobic surface was prepared by anodization of
aluminum substrates in phosphoric acid followed by RTV silicone
rubber coating. Study of the surface wetting properties showed a
high static contact angle, up to 160 ° for the treated surfaces at
room temperature.

Scanning electron microscopy image analysis showed that bird’s
nest and beehive structures had formed on the anodized surfaces
at 50 V and 80 V. The results showed that higher anodizing
voltage leads to larger pore sizes.

The freezing behaviour of 4-pL water droplets was investigated
on nanostructured aluminum surfaces and compared with that on
flat surfaces and hydrophobic aluminum surface.

1. INTRODUCTION

Protecting aluminum ground wires and phase conductors of
overhead power lines against ice adhesion through
application of superhydrophobic coatings with icephobic
properties on their surfaces seems to be an interesting
solution as compared to the current ones.
Superhydrophobic surfaces can be prepared by the
combination of a micro-nano surface structure and low
surface energy materials. Anodic aluminum oxide has been
proposed as a suitable industrial process to develop nano-
pore structured films and to improve resistance to corrosion
and wear.

In this study, a superhydrophobic surface was obtained by
anodization of aluminum substrates in phosphoric acid
followed by RTV silicone rubber coating. Study of the
surface wetting properties showed a high static contact
angle, up to 160 ° for the treated surfaces at room
temperature.

2. RESULTS AND DISCUSSION

The effect of anodizing voltage on surface morphology was
investigated as shown in Fig. 1. As anodizing voltage was
increased, the surface pores became wider, indicating that
the anodization voltage affects the size and form of the
pores. The development of pore structure was found to be
proportional to applied voltage which is consistent with
what was reported in [1].

Figure 1: FESEM images of porous aluminium formed via anodization at
different voltages (a) 40 V, (b) 50 V and (c) 80 V

Fig. 2 showed the variations in water contact angle of RTV
silicone rubber coated on aluminium porous surfaces as a
function of anodization voltage. Study of water contact
angles showed the best wettability results were obtained at
50-V anodizing voltage. The water droplet freezing time
for the superhydrophobic surface (50 V) was 4-5 min
which is significantly longer than on the flat uncoated Al
surface and the RTV-coated hand-polished surface (few
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Figure 2: Contact angle of the as-prepared surfaces as a function
of applied voltage
seconds).

3. CONCLUSION

The combination of surface anodizing and RTV silicone
rubber coating resulted in significantly enhanced wettability
of aluminium alloy 6061. The effect of anodization voltages
on the morphology of the anodic oxide formed was
evaluated. Freezing time was considerably delayed for the
superhydrophobic surfaces compared to hydrophobic and
Al bar surfaces.
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1. INTRODUCTION

Ice and wet snow accumulation on power network
equioment is a serious problem encountered in cold climate
regions as demonstrated by the ice storms that hit Eastern
Canada and Southern China in 1998 and 2008, respectively
[1-3].

Recently, superhydrophobic surfaces with a water
contact angle (CA) larger than 150° have gained
considerable attention because of their various practical
applications as coatings on exposed structures such as
overhead transmission and distribution lines as well as their
substation equipment. Moreover, superhydrophobic
surfaces prepared by applying low surface energy materials
on rough surfaces have shown promising anti-icing
performance [4-8]. So, icephobic surfaces have attracted a
great interest compared to de-icing fluid active methods to
reduce ice or snow accumulation on high voltage overhead
transmission lines.

Several methods have been used to create nano or micro
structures on the aluminium surfaces such as etching in acid
[9-11], alkali solution [12, 13] and anodizing in different
solution [7,14].
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In the present study, anodic aluminium oxidization has
been proposed as a suitable industrial process that increases
resistance to corrosion and wear. Moreover, this method
leads to the formation of nanopore structured films [14, 15]
which also reduce the ice surface contact with the substrate.
The degree of ordering and the dimensions of the nanopores
can be tuned by adjusting the anodizing conditions, such as
the voltage, electrolyte type, duration, and temperature [16].
Moreover, the control of surface roughness is essential in
preparing superhydrophobic surfaces.

Recently, the application of room temperature
vulcanized (RTV) silicone rubber coatings has been
investigated as an effective solution to develop a
hydrophobic surfaces for external insulators. Such coatings
help prevent continuous water filming on the surface and
can be applied by several methods such as dipping, painting,
or spraying [17]. Furthermore, silicone rubber exhibits the
ability to restore its hydrophobicity even after a pollution
layer has built up on the surface [17, 18]. This property has
been attributed to the diffusion of low molecular weight
(LMW) silicone fluid from the coating onto the polluted
deposits [18].

In the present study, several anodization voltages were
applied to create various nanostructured surfaces.
Superhydrophobic surfaces were provided using RTV
silicone rubber coating on the anodized samples. The
wettability behaviour for the prepared coating was also
evaluated.

I. EXPERIMENTAL PROCEDURE

Coupons of 6061 Al alloy supplied by Rio Tinto Alcan
(Mg 1.0, Si 0.6, Cu 0.28, Cr 0.05, Zn 0.1, Fe 0.25 and Mn
0.15 ,all in wt %) of dimension 2.54 cm*2.54 cmx0.15 cm
used as substrate. The samples were hand-polished before
being anodized. The counter electrode was a 5.08 x 7.62 cm
6061 Al alloy plate and the electrochemical reaction was
carried out at constant voltage. The anodised aluminium
surfaces  were prepared by an electrochemical bath
consisting of a 10 % w/w solution of H;PO, at T = 18°C



during 90 min. Prior to the anodization process, the samples
were degreased using an ultrasonic bath of acetone followed
by deionised water, each for 5 minutes. The anodizing
process was performed at the following anodizing voltages:
40,50,60 and 80 V.

RTV silicone rubber 3-4190 was purchased from Dow
corning. This product was selected because it does not
contain fillers. First, the RTV silicone rubber was diluted by
adding hexane in a volume ratio of 1:12. Then, the solution
was applied on the aluminium substrates using a sol-gel spin
coating procedure (WS-400B-6NPP spin-coater from
Laurel). The spinning speed was set at 3000 rpm (20 s) and
2500 rpm (15 s) for the first and second stages, respectively.
Heat treatment of the coatings was done at 85° C in air
overnight to remove residual solvents.

The surface morphology of the samples was evaluated using
a LEO field emission scanning electron microscope
(FESEM). Water contact angle measurements were carried
out by a Kruss DSA 100 goniometer (water droplet volume
~4 uL). This apparatus was fitted with a Peltier cooling
element which allowed lowering the substrate temperature
down to -30 °C.

1. RESULTS AND DISCUSSION

The effect of anodizing voltage on surface morphology was
investigated. SEM microphotographs taken for Al anodised
samples with three applied voltage are shown in Fig. 1.

For anodization at 40 V, the surface of the oxide formed was
characterized by an irregular structure with small pores. The
resulting pores formed were non-uniform and discontinuous
(Fig. 1a).

A hexagonal “bird’s nest” structure separated by thinner
pore walls was observed on the pores formed at 50 V
anodising voltage, as shown in Fig. 1b. At 80 V, the pores
were continuously formed on the surface, becoming wider
and deeper, with a “beehive structure” (see Fig. 1c).

As the anodizing voltage was increased, the pores became
wider, indicating that the anodization voltage affects the size
and form of the pores. The average pore diameter anodized
with 40 , 50, and 80 V was around 50, 80, and 120 nm,
respectively. The development of pore structure was found
to be proportional to the applied voltage which is consistent
with what was reported in [18, 19].

Contact angles are the result of the molecular interactions of
solid-liquid, liquid-gas, and gas-liquid at the three-phase
contact point. The sessile droplet method, which measures
the contact angle (CA) of a water droplet on a surface, was
used to characterize the wetting property of the surfaces. For
that purpose, the samples were placed on a test stage and a
water droplet was introduced onto the surface through a
microsyringe. At least five different measurements were
performed on different areas of each sample.

different voltages (a) 40 V, (b) 50 V and (c) 80 V.

Figure 2 shows the variations in water contact angle of RTV
silicone rubber coated on aluminium porous surfaces as a
function of anodization voltage.



The water contact angle of a hand-polished Al bar was 110
°+ 2. Application of 40-V anodising voltage resulted in a
little increase of contact angle (114 ° + 2).

Increasing voltage to 50 V led to a high contact angle and
the surface became superhydrophobic. Applying RTV
silicone rubber coating on more highly anodised surfaces
(50 V and more) resulted in superhydrophobic behaviour
whereas a 40-V anodised surface with the same coating
remained hydrophobic.

However, increasing the voltage to more than 50 V resulted
in a slight decrease of static contact angle.

The results showed that the best wettability was found in the
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Figure 2. Contact angle of the as-prepared surfaces as a function of applied
voltage

case of the nanostructured surface created by a 50-V
anodising voltage. Otherwise, an appropriate combination of
micro/nano structure (see Fig. 1b) was created at this
voltage.

The study of the water contact angle at supercooled
temperatures is of prime importance for the development of
icephobic and superhydrophobic coatings [20, 21].

For this propose, contact angle measurements were carried
out at temperature as low as -15 °C. Each measurement was
repeated three times. Figure 4 shows the freezing process of
a water droplet (4 uL) on a 50-V RTV superhydrophobic
surface.

The water droplet freezing time for the flat uncoated Al
surface and the RTV-coated hand-polished surface was
short, and water froze just within a few seconds. However
droplet crystallization on superhydrophobic surface (50V)
was observed after 4-5 min.

Fig. 3 illustrates the water droplet freezing on a 50-V RV
superhydrophobic surface. Indeed, after 205 s, the droplet
shape begins to changing and become expanded, appearing
ice nucleation at the solid-water interface. It was observed
that the interface between water and ice kept moving from
bottom to top during the transient heat conduction after
which droplet crystallization occurred completely.

Indeed, entrapped air in the cavities of superhydrophobic

Figure 3. Image sequences of water droplets (4 puL) freezing process on

anodised Al at 50-V applied voltage under a constant temperature of -15°
C

surfaces could acts as a thermal barrier between the solid
and the liquid delaying freezing time on these surfaces [21].

I1l. CONCLUSIONS

The combination of surface anodizing and RTV silicone
rubber coating resulted in significantly enhanced wettability
of aluminium alloy 6061. The effect of anodization voltages
on the morphology of the anodic oxide formed was
evaluated. =~ The results showed that higher anodising
voltages led to the larger pore diameters. The regularity of
pore arrangement as well as the size of the pores increased
with higher anodizing voltages. “Bird’s nest” and “bechive”
structure was observed on the anodised surface of 50 V and
80 V. Study of water contact angles showed the best result
of wettability for 50 V anodising voltage. Freezing time was
considerably delayed for the superhydrophobic surfaces
compared to hydrophobic and Al bar surfaces.
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