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Abstract: Icing on transmission lines often causes potential electric damage in power systems.
Superhydrophobic anodized Al conductors have been proposed to have good anti-icing properties.
In this study, superhydrophobic anodized Al conductors with composite nanopore structures were
prepared by a two-step anodization. The microstructure, hydrophobicity, and anti-icing properties
of composite nanopore structures were compared and studied. The optimal preparation parameter
was determined as a current density of 0.04375 A/cm2 and anodization time of 15 min. Compared
with the bare substrate, the optimal anodized Al surface of the composite nanopore structures show
excellent hydrophobic and anti-icing properties, including a contact angle of 173◦, a contact angle
hysteresis of 0.122◦, an ice adhesion strength of 0.71 kPa, and a glaze icing weight of 0.1 g after the 8 h.
Therefore, the prepared anodized Al surface of composite nanopore structures with good anti-icing
properties has profound application potential for overhead transmission lines.

Keywords: transmission line; superhydrophobic; anti-icing; two-step anodization; composite
nanopores; glaze icing

1. Introduction

Icing disasters on transmission lines will seriously threaten the safe operation of the
power system. Continuous icing on lines will cause line galloping, disconnection, tower
collapse, etc., which can finally result in a power interruption [1,2]. As was widely reported
in 2008, the major ice and snow disaster in southern China caused serious damage to the
power grids of 17 provinces, with direct economic damage of nearly 100 billion CNY [3,4].

At present, the practical icing prevention measures are mainly de-icing technology
and meteorological monitoring. As the main de-icing method, although high-current ice
melting equipment have a high de-icing efficiency, their main defects are the fact that
they have expensive operation and maintenance costs [5]. Meteorological monitoring is
limited in its consistency with actual icing [6]. Therefore, the current anti-icing ability
of transmission lines in extreme ice and snow climates is still insufficient [3]; hence, it
is extremely urgent and necessary to further develop auxiliary and reliable de-icing and
anti-icing technologies.

Surface treatment is a simple and effective protection method for metals [7,8]. Based on
bionic technology, a superhydrophobic coating with good hydrophobicity can reduce water
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droplet adhesion, decrease the ice adhesion strength, and delay the icing time, which is ex-
pected to achieve better anti-icing protection of transmission lines [9]. Superhydrophobicity
is not completely equivalent to the anti-icing performance, and the low ice adhesion of the
superhydrophobic surface is significant for the rapid de-icing of overhead transmission
lines [1,10]. Therefore, it is important to study and optimize the anti-icing performance of
the superhydrophobic surface. Zhang et al. proposed a spraying technology to realize the
hydrophobicity and anti-icing properties of Al conductors [11]. However, the heat caused
during the power transmission and the strong ultraviolet radiation in the high-altitude
environment will lead to the rapid aging of organic coatings, which is a potential defect
of spraying technology [1]. Normally, anodic oxidation is an electrochemical treatment
for metal surfaces. This technique adopts the dissolution reaction of the electrolyte under
the electric field, in which the valve metal is the anode [10]. This treatment can lead to the
formation of a dense and stable ceramic oxide film with a specific structure to improve
the durability [1]. Liu et al. have reported a durable anti-icing superhydrophobic anodic
alumina surface [1]. Xiang et al. also confirmed the anti-icing performance of anodized
aluminum strands [1,12]. Therefore, further considering the anodic oxidation method to
achieve precise control of the nanopore’s structure can achieve the preparation of good a
anti-icing Al surface for complex aluminum strands. Moreover, the structural design of an
anodized nanopore structure has been the focus of many scholars. The reported structural
designs include a dendritic shape [10], bottle type [13], textured dimples [14], etc. These
designed nanopore structures, prepared by optimized anodization, can enable the anodized
film to achieve multiple functions [15,16], including improving corrosion protection [13],
expanding the lubricant capacity [14], and inhibiting the consumption of modified solvents
and lubricants [10]. Therefore, the preparation of composite nanopore structures by two
anodization processes can theoretically improve the anti-icing performance of traditional
anodized pore structures.

Among all types of icing on transmission conductors, glaze icing could be seen as the
most serious icing disaster that threatens lines and towers. Glaze icing is a phenomenon
that occurs in a climate including slight cold, strong wind, rain with large diameters of
water droplets, and an intersection of strong warm and cold air [1]. However, limited by
experimental conditions, there are fewer studies on the anti-icing protection of conductors
against glaze icing [1,10]; more attention is paid to frost and condensation in indoor rooms,
and ice and snow in outer environments [11,17,18]. Therefore, this study is also focused on
stimulated glaze icing on conductors in the laboratory.

In this study, a two-step anodizing method was used to successfully prepare a com-
posite nanopore structure on Al conductors by adjusting the anodizing parameters (current
density and anodized time). The microstructure, hydrophobicity, and anti-icing proper-
ties of the composite nanopore structures were compared and studied. The application
prospects of composite nanopore structures prepared by a two-step anodizing technology
in transmission Al lines were evaluated and determined.

2. Experiment Setup
2.1. Preparation of Anti-Icing Composite Nanopore Structure

In this study, the raw Al plates (1060) are the same type as Al strands of Aluminum
Conductors Steel-Reinforced (ACSR) cable with a size of 20 mm × 20 mm × 1 mm. Before
the anodization process, all bare specimens were soaked in a 1 mol/L sodium hydroxide
solution for 5 min to remove grease and oxide film from the surface of the Al sheet. After
ultrasonic cleaning with deionized water, all specimens were prepared for anodization.

In Figure 1a, the DC stabilized power supply (WYJ-110A) outputs twice the current
densities on the bare Al specimens in a 0.3 mol/L phosphoric acid solution and a 0.15 mol/L
oxalic acid solution, respectively. The temperature of the reaction process is controlled
by a magnetic stirrer and water chiller (CZ3457-5HP). Here, all Al plates were used as
the anode, while the 305 stainless steel sheets were used as the cathode. The first step of
anodization puts forward the 0.0875 A/cm2 on specimens for 10 min, which was referred
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to in previous studies. After, the second step of anodization outputs different current
densities (0.01875 A/cm2, 0.04375 A/cm2, 0.06875 A/cm2) for 10 and 15 min. These an-
odized specimens were named 0.01875 A 10 min, 0.01875 A 15 min, 0.04375 A 10 min,
0.04375 A 15 min, 0.06875 A 10 min, and 0.06875 A 15 min, respectively. After the two
anodization processes, all anodized specimens were modified with 3 wt. % heptafluorode-
cyltrimethoxysilane (FAS-17) ethanol solution under a vacuum environment of −0.1 MPa
for 12 h, then dried in an oven of 90 ◦C for 30 min to achieve the anti-icing Al surface with
a composite nanopore structure.
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Figure 1. Experimental platforms: (a) anodization equipment; (b) icing experimental chamber.

2.2. Experimental Setup

Microstructure and elemental analysis of samples were characterized by scanning
electron microscopy (SEM, Zeiss Auriga, Jena, Germany) with an energy dispersive spec-
troscopy (EDS) probe equipped with the SEM equipment. The voltage parameter during
SEM testing was 3–5 KV, and the voltage parameter during energy spectrum analysis
was 20 kV. The surface roughness of the sample was measured using a confocal laser
scanning microscope (LM, LEXT OLS4000, Olympus, Tokyo, Japan). The contact angle
and contact angle hysteresis were measured by a CA testing meter (SDC-100, SINDIN,
Dongguan, China). The measurement environment was the room temperature (25 ◦C) and
room humidity (50.2% RH). A high-speed camera (Revealer, M220, Fuhuang AgileDevice
Ltd., Hefei, China) with a real-time capture system was adopted to capture the motion
behavior of falling water droplets on different surfaces at −3 ◦C.
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In Figure 1b, ice adhesion tests were to put the PTFE cylinder mold (with a diameter
of 8 mm) full of water on the samples, while the samples were on the cooling plate at −3 ◦C
and 50.2% RH for 6 h. The temperature was controlled by a high-precision semiconductor
constant temperature experimental platform (LTD1-350, Chongqing, China). Then, the
thrust meter was used to push away the iced mold. Ice adhesion was obtained by dividing
the thrust indicator by the contact area. In addition, the condensation and frost formation
processes of the sample were also conducted on the cooling plate at −3 ◦C, and the surface
frost process was recorded using a camera. For evaluating the glaze icing behaviors, the
icing process of specimens was observed in the artificial icing experimental chamber. The
falling water droplets had a diameter of about 350 µm. The testing temperature, humidity,
and wind speed were −3 ◦C, 80% RH, and 3 m/s. Finally, the anodized sample of optimal
anti-icing properties was determined through orthogonal experiments.

3. Results and Discussion
3.1. Morphologies and Micro-Structures

Figure 2 shows SEM images and the corresponding surface roughness of anodized
specimens. In Figure 2a–f, when the anodization time is 10 min and the applied current
density increases (0.01875 A/cm2–0.06875 A/cm2), the diameter of the nanopore increases
from 230 nm to 280 nm, the porosity increases from 70% to 74%, and the gap ratio (the hole
spacing divided by the hole wall) increases from 3.53 to 7.56. When the anodization time
is 15 min and the applied current density increases, the surface pore size of the sample
increases from 290 nm to 310 nm, the porosity increases from 73% to 77%, and the gap ratio
increases from 9.17 to 12.56.
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Figure 2. Morphological images and surface roughness of anodized specimens with different electric
parameters: (a,a1) 0.01875 A 10 min, (b,b1) 0.01875 A 15 min, (c,c1) 0.04375 A 10 min, (d,d1) 0.06875 A
15 min, (e,e1) 0.06875 A 10 min, and (f,f1) 0.06875 A 15 min.

The 3D morphology and roughness of the samples are shown in Figure 2a1–f1. As the
current density and anodization time increase, the dissolution effect gradually enhances
and the surface roughness of the sample gradually increases. When the current density is
low (0.01875 and 0.04375 A/cm2), the dissolution effect of oxalic acid is not obvious, and
the surface roughness reaches 0.550 and 0.658 µm. However, when the current density
is 0.06875A/cm2, the surface roughness increases to 0.84 and 0.87 µm. This indicates
that a higher current density and longer anodization time can cause excessive dissolution
and fragmentation of the surface structure and the appearance of micron-level disordered
fluctuation [1].

Figure 3 depicts cross-sectional micrographs of all specimens. Obviously, the small
pore structure (the first anodization) continues to grow downwards along the basis of the
large pore structure (the second anodization) until the Al substrate forms a composite
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nanopore structure. Moreover, as the current density and anodization time of the second
anodization increase in Figure 3, the thickness of the lower small nanopore structure
gradually increases. However, the thickness of the upper large nanopore membrane
slightly decreases due to the dissolution effect of the oxalic acid anodization process [1].
When the anodization time is 10 min, the thickness of the lower layer increases from 4.11 µm
to 15.30 µm with the increase in current density. When the anodization time is 15 min, the
thickness of the small pore size film increases from 5.66 µm to 21.31 µm with the increase in
oxidation current density. In all, the formation of a thicker anodized film can be attributed
to the stronger passivation effect at a higher power.
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3.2. Wettability and Anti-Icing Properties

The surface wettability can be obviously affected by the microstructure and roughness.
In Figure 4, the contact angle and contact angle hysteresis of different specimens did not
change much. Under different electric parameters, the contact angle of all samples remains
above 163◦ in Figure 4a. When the anodization time is 10 min, the contact angle of the
sample surface changes from 163◦ to 166◦ to 165◦ with the increase in current density. The
contact angle hysteresis shows a similar value between 4.113◦ and 2.629◦ in Figure 4b.
Notedly, the contact angle of the specimen reaches a peak of 173◦ when the oxidation time
is 15 min, and the current density is 0.04375 A/cm2. However, a continued increase in
the current density and oxidation time can decrease the contact angle (168◦). This can be
explained as when the current density of oxalic acid anodization is too high, the surface
pore’s structure is broken due to excessive dissolution, resulting in an increase in roughness,
the appearance of micro-level rough structures, and decreased hydrophobicity [1]. Here,
the sample of 0.04375 A/cm2 and 15 min shows the best superhydrophobic properties of
173◦ and 0.30◦.
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Ice adhesion is an important parameter to evaluate the anti-icing property. In Figure 5,
it is obvious that the anodized samples have improved the ice adhesion strength of the Al
substrate (59.44 kPa). When the anodization time is 10 min, with the increase in current
density, the increased porosity and gap ratio of the composite nanopore structure can
improve the superhydrophobicity and ice adhesion (17.73 kPa to 2.56 kPa). When the
anodization time is 15 min, the ice adhesion of all specimens shows a low level, which
is consistent with the above results. The increased current density and anodization time
can excessively dissolute the nanopore structure, resulting in the increased roughness of
fluctuated structures. Therefore, some water droplets can transit from the Cassie state
to the Wenzel state, infiltrate into the surface pore structure and form the interlocking
effect, resulting in an increase in ice adhesion strength [18]. In particular, the specimen of
0.04375 A/cm2 and 15 min shows the best icephobicity of 0.71 kPa.
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Figure 5. Testing results of ice adhesion strength of bare and anodized specimens.

The frosting behavior is an important indicator to evaluate the anti-icing properties [1].
Figure 6 depicts the frosting process of different anodized specimens. After frosting for
30 min, the surface of 0.04375 A and 15 min shows many spherical condensation water
droplets without obvious frost crystal formation. However, surfaces of other parameters are
covered by frost film to varying degrees. After 120 min of condensation frosting, the central
surface of the 0.04375 A and 15 min specimen still shows few frost crystals with small
spherical condensate droplets. In contrast, other specimens can be found in the thick and
sparse frosting accumulation. The excellent anti-frosting behavior of specimens (0.04375 A
and 15 min) can be attributed to the delayed heat transfer at three-phase interfaces, and
the existence of an air cushion, finally leading to prolonged frost formation. The bad
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frosting behavior could result from the broken and uneven composite nanopore structure,
promoting the uneven nucleation of frost crystals and shortening the complete frosting time.
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Based on the above, the anodized sample (0.04375 A and 15 min) of optimal wettability
and anti-icing properties can be determined through orthogonal experiments. The anti-
icing mechanism of the prepared composite nanopore structure is further studied. In
Figure 7, the contact angle of the bare Al surface is 56◦, while the contact angle hysteresis is
29.78◦. When the substrate was modified with FAS-17, the contact angle increased to 102◦

and the contact angle hysteresis decreased to 18.89◦. For the composite nanopore structure
without modification with FAS-17, the water droplets are easily embedded in the micro-
nanopores to form a Wenzel state, resulting in a significant decrease in the contact angle
of 26◦ and an increase in the contact angle hysteresis of 43.961◦. After the modification in
the composite nanopore structure, the large nanopores capture the air to form air cushions
between the water droplets and solid surface so that the water droplets are in a Cassie
state [1]. The contact angle of the composite nanopore structure can increase to 173◦, and
the contact angle hysteresis can decrease to 0.122◦. Therefore, the modified composite
nanopore structure is significant for exhibiting good wettability.

In the environment of overhead transmission lines, glaze icing shows the most harmful
influence of all icing due to its significantly high ice density and adhesion. Before simulating
glaze icing, glaze icing is initially the process of water droplets hitting the surface. After,
spreading, shrinking, and rebounding of the droplets will subsequently occur. In particular,
the main parameters of the motion process are the maximum rebound height, contact time,
and spreading coefficient, respectively. For the maximum rebound height, this can measure
the energy loss of droplets after hitting the surface; contact time is the duration time from
hitting to leaving the surface. A shorter contact time shows a shorter heat exchange time,
indicating it is less prone to freezing; the spreading coefficient is the ratio of the maximum
spreading diameter and the diameter of water droplets before impact (D/D0), indicating
the degree of deformation after the impact. A smaller spreading coefficient can reflect
a smaller contact area between the water droplets and the surface, leading to less heat
exchange and, thus, harder freezing [1].
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In Figure 8a–d, all water droplets spread to the maximum area at 2 ms after impacting
on various Al surfaces. Moreover, the spreading coefficient of water droplets on the sub-
strate is 4.89, while that of the composite pore aluminum surface is 5.15. After modification,
the spreading coefficients of water droplets are reduced to 3.945 and 2.57 in Figure 8c,d
due to the decrease in surface energy. After reaching the maximum spreading area, water
droplets will gradually shrink on the surfaces. For the substrate and substrate (modified) in
Figure 8a,b, the water droplets shrink to a hemisphere of 15 ms and then stay on the surface
stably. For the unmodified composite nanopores, the water droplet can easily penetrate the
porous structure in a Wenzel state, causing a high resistance to shrinking to a hemisphere
shape and adhering to the surface in a spreading shape. In all, substrate, substrate (modi-
fied), and composite nanopores cannot have the rebound behavior of droplets due to the
large energy loss. However, the modified composite nanopores show obviously different
behavior in Figure 8d for the air cushion and low surface energy. For the whole motion
behavior of composite nanopores (modified), the impacting water droplet rapidly shrinks
into a spherical shape after reaching the maximum spreading area, then rebounds off the
surface at 8 ms and rebounds to a maximum height of 16.50 mm at 63 ms. After, the water
droplets fall again to a place outside the surface at 108 ms. In particular, the motion data
of the water droplet on the modified composite nanopores shows the smallest spreading
coefficient during the impact process, shortest contact time, and highest maximum rebound
height. This further indicates the decreased energy loss, causing the delayed freezing of
water droplets on the surface [1].

Good motion behavior of impacting droplets on the surface cannot completely evaluate
the glaze icing behavior due to the lack of a low-temperature environment [1]. The icing
weight and icing shape of the anti-icing surface are also important to reflect anti-icing
properties [19]. Figure 9a depicts the simulated glaze icing platform, including the artificial
glaze ice testing chamber, water spray, and specimens placed at the 45◦ slope, etc. Under
the typical glaze icing conditions of temperature −3 ◦C, humidity 80% RH, and wind
speed 3 m/s, glaze icing tests of different specimens were carried out for 8 h. The icing
morphology and weight of the samples are shown in Figure 9b–e and Table 1. Figure 9b,c
depicts the severe icing morphologies of the substrate and substrate (modified), reflected
in the complete cover of a thick ice layer and long icicles downward at the lower edge
of samples. The icing weights in Table 1 were recorded as 17.33g and 17.68g. For the
composite nanopores in Figure 9d, the surface is also completely covered by ice, but the
thinner ice layer is of a lower icing weight (14.83 g). After comparison, the contact of
water droplets on the surface of the composite nanopore could be small. Raindrops could
completely soak the surface at a fast rate and flow quickly along the wet surface to the
lower edge of the sample to detach from the surface or form hanging icicles. Compared
with the other three samples, the modified composite nanopore surface has a very small
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amount of icing residue in Figure 9e and a low icing weight of 0.1 g in Table 1 due to its
good water repellency, droplet motion behavior, and ice adhesion. When the raindrops
make contact with the surface, droplets can easily roll or bounce off and hardly adhere
to the surface. Moreover, under the action of gravity and raindrop impacts, the ice can
easily break away from the surface due to the low ice adhesion strength, finally resulting in
minor icing on the surface and a significant decrease in ice weight. Therefore, anodized
specimens of composite nanopore structures can exhibit good anti-icing performance and
have potential application prospects.

Table 1. Ice weight of different types of aluminum surfaces after 8 h of glaze icing.

Specimens Substrate Substrate
(Modified)

Composite
Nanopores

Composite Nanopores
(Modified)

Icing weight (g) 17.33 17.68 14.83 0.10
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In all, for the prepared composite nanopore structure, the first step of phosphoric acid
anodization has a significant impact on the upper nanopore’s structure. The parameter
settings refer to previous research to obtain appropriate porosity and roughness to achieve
good anti icing behavior [1]. Here, the concave defects of the thin barrier layer at the bottom
of the nanopores were formed by the first anodization of phosphoric acid [15,16]. The
second anodization of oxalic acid will start to dissolve from these defects and continue to
passivate to form narrower nanopores in the lower layer [10,14,20]. Besides the effects of
the etching and passivation, the second oxidation of oxalic acid will also have a dissolution
effect on the upper nanopores formed under phosphoric acid anodization [10]. When the
current density and oxidation time of the second anodization are increased, the roughness
and fluctuation of the upper layer further increase, as shown in Figure 2. Therefore, the
second step of the anodization process not only forms the lower layer nanopore’s structure,
but also has a dissolution effect on the upper layer nanopore’s structure. Finally, by
comparing the hydrophobicity and anti-icing performance, the optimal parameters for the
second anodization to prepare composite pore structures were determined.

In particular, transmission lines with a special cylindrical geometry can significantly
affect the fabrication of the composite nanopore structure [21]. In our previous studies,
it was difficult to completely repeatedly prepare this nanopore structure with a similar
geometric feature on the Aluminum Conductor Steel Reinforced (ACSR) cable as that
of a flat Al substrate. For difficulties in the micro-structure formation on the cylindrical
structure of the Al conductors, the processed area of the Al conductor needs to be considered
to determine the electrical parameters of the anodization (current, voltage, time, etc.).
In addition, a uniform electric field needs to be provided to prepare a uniform pore
structure [21]. Otherwise, it will lead to inconsistent current flowing through the different
areas on the ACSR surface, resulting in an uneven distribution of the nanopore structures
at different positions, greater fluctuations, and provoking a susceptibility to concentrated
heating leading to structural damage. After that, a closely similar micro-structure can be
obtained on Al conductors, achieving hydrophobicity and anti-icing properties. However,
the anti-icing behavior of the anodized ACSRs is still difficult to achieve that of the flat
Al plates, which mainly reflected in gaps between strands of the ACSRs, causing the easy
capture of water droplets and the failure of the Cassie hydrophobic state [10].

Moreover, similar to the precautions for the first anodization on Al overhead trans-
mission lines, the second anodization needs to further consider the appropriate electrical
parameters to form the composite nanopore structure with a similar geometric feature.
Moreover, ultrasonic cleaning with deionized water should be considered between twice
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anodization to ensure no phosphoric acid and impure residue remains on the surface of the
Al conductors. Finally, superhydrophobic ACSRs with these composite nanopores could
be fabricated.

In this study, the preparation and anti-icing properties of superhydrophobic composite
nanopore structures were preliminarily explored on Al plates. For comparison, Table 2
provides widely reported studies on anti-icing superhydrophobic Al plates [1,10,17,22].
Obviously, the anodized Al plates with composite structures in this study show a low
ice adhesion and delayed frosting time. Although an outdoor snow icing test was not
performed [17], glaze icing tests show a significant improvement compared with previous
studies from our group [1,10]. Therefore, a superhydrophobic Al surface with this compos-
ite nanopore shows profound application potential. Recently, our group has also reported
this composite nanopore structure on SLIPS film. Nevertheless, the preparation and related
properties of superhydrophobic ACSRs with this composite nanopore structure still need
further studies in the future.

Table 2. Comparison in wettability and anti-icing properties of different superhydrophobic alu-
minum surfaces.

Specimens with Structures Technique Contact Angle (◦) Anti-Icing Behavior Ref.

Anodized Al plate with
composite structure Anodization 172 0.79 kPa; delay frosting to 2 h; 0.1 g ice formed

after 8 h of the glaze icing This study

Acid-etched surface with FAS Acid etching 165 0.58 kPa [22]
Polyamide mesh structure

with SiO2 nanoparticles Depositing 153 1.9 kPa; delay frosting to ~18 min [1]

Nano-texture
by laser processing Laser ablation 153 Little snow accumulated on the surface after

outdoor time of 3 years [17]

Anodized Al plate with
single structure Anodization 156 Some big glaze ice at the top edge after 80 min [1]

Slippery surface with
dendritic structure Anodization and SLIPS ~105 ~5 kPa;

1.9 g ice formed after 3 h of the glaze icing [10]

4. Conclusions

In this study, a two-step anodizing method was used to successfully prepare a com-
posite nanopore structure on Al conductors by adjusting the anodizing parameters (current
density and anodized time). The microstructure, hydrophobicity, and anti-icing properties
of the composite nanopore structure were compared and studied. Moreover, bare substrate
and optimal anodized specimens with and without modifications were also compared
and discussed in hydrophobicity and glaze icing behaviors. Detailed conclusions were
as follows:

(1) The optimal preparation process is to conduct secondary oxidation in oxalic acid
electrolyte with an anodization current density of 0.04375 A/cm2 and anodization
time of 15 min. As the current density and time increase, the surface roughness and
fluctuation of anodized samples increases with the thicker upper layer.

(2) The composite nanopore Al surface of the optimal preparation parameter has excellent
hydrophobic and anti-icing properties. Among these properties, the contact angle is
173◦, the contact angle hysteresis is 0.122◦, the ice adhesion strength is 0.71 kPa, and
the icing weight after the 8 h glaze icing reaches 0.1 g.

(3) In this study, a two-step anodizing method was used to prepare superhydrophobic
Al surfaces with a composite nanopore structure which effectively improves the anti-
icing performance of traditional anodized single nanopore structures, especially for
glaze icing protection. This study can be helpful for the further preparation of this
Aluminum Conductor Steel Reinforced (ACSR) cable. Moreover, the durability of
anti-icing properties still needs further exploration.
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