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Abstract

The bio-inspired superhydrophobic surfaces have the capability to repel the water and this characteristic has great significance in industries.
Superhydrophobic surfaces are playing a vital role in the variety of applications in different fields due to their chemical and physical properties.
In this paper, the role of synthetic superhydrophobic surfaces in construction materials was discussed in detail. The fabrication techniques of
superhydrophobic surfaces, their properties, and their applications were also reviewed. There are a lot of construction materials that are used
in buildings, roads, railways, airports, bridges, dams, and water tanks. Many researchers have fabricated superhydrophobic coatings on different
concrete surfaces and they found it very helpful to overcome the problems. This review article presented the three major problems and their solutions
in construction materials which are waterproofing, anticorrosion, and anti-icing. In the meantime, the future perspective was also mentioned.

Keywords: Superhydrophobic surfaces; Construction materials; Waterproofing; Anticorrosion; Anti-icing

Introduction

The super hydrophobicity was inspired by nature such as
lotus leaves [1], poplar leaves [2], fish scale [3], butterfly wings
[4], water strider legs [5], peanut leaves [6] and red rose petal [7]
(Figure 1). These bio-inspired superhydrophobic surfaces have
the ability to repel the water because the water contact angle is
greater than 150° and contact angle hysteresis less than 10°. Many
scientists have done research studies on the fabrication of artificial
superhydrophobic surfaces [8-14]. The researchers found that
these coatings have tremendous properties that can be used in
different applications for various materials and the construction
materials are one of them [15-17]. Different construction materials
are used to build roads, buildings, bridges, dams, water tanks,
airports, and railways. The waterproofing is one of the important
elements in concrete structures to make them durable and robust
by preventing them from moisture and leaks. The steel-reinforced

concrete is almost used in everything either it's a building or
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bridge. However, the steel corrosion is a major problem and it
also damages the concrete itself. Besides, the icing on the concrete
pavement, roads, bridges, and airplane wings is greatly increasing
injury and mortality rates. The superhydrophobic coatings are the
most promising candidates to overcome these problems [18]. This
study aims to provide a comprehensive review of the problems
faced in construction materials and their possible solutions through
using superhydrophobic surfaces and provide a reference for other

researchers (Figure 1).

Waterproofing

Inalltypes of structures, there are some common problems such
as leakage and moisture. For buildings, the water is considered an
enormous enemy. The water affects the structure very dangerously
and it can cause many accidents due to lake of durability and
robustness of the structure. Up till now, many researchers
have fabricated the superhydrophobic concrete surfaces for
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waterproofing [20]. Horgnies et al. [21] prepared the Ultra-High-
Performance Concrete (UHPC) by applying micro/nano-pillar
moulds of polydimethylsiloxane (PDMS). The water contact angle
of 164° and the contact angle hysteresis of 2.5° was achieved. The
as prepared superhydrophobic surface on concrete has prodigious
self-cleaning and water repellent properties. Recently, she et al. [22]
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fabricated a durable superhydrophobic concrete by a nanohybrid
method. This water-resistant concrete has outstanding mechanical
resistance of surface due to nano/micro two hierarchical structures
and effects of nano silica. The contact angle was greater than 150°.
This method was simple and low cost and it can be used for larger

surface area applications (Figure 2).
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Figure 1: Existence of superhydrophobic surfaces in nature [19].
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Figure 2: The schematic diagram of the whole process and its application [22].
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Li et al. [23] prepared fluorine-free and environmentally
friendly carbon-based superhydrophobic coating on the concrete
surface through adding B-doped carbon particle (BCP) aggregate
and metakaolin (MK) in polyvinyl alcohol (PVA) solution (Figure
3). The surface exhibited excellent superhydrophobic properties
with a water contact angle of 156°. This inexpensive method was
durable and it can be used for waterproofing and self-cleaning in

buildings (Figure 3).

Recently, Yongjuan et al. [24] prepared a superhydrophobic
coating on the concrete surface via the GO/silane composite process
(Figure 4). With excellent roll-off properties, the water contact was
165.5°. The surface has good waterproof properties (Figure 4).

Dong et al. [25] fabricated a superhydrophobic surface on a
concrete surface with excellent self-cleaning, mechanical strength,
sound adsorption, and heat insulation properties. Through a simple
two-step process of pore-forming and novel bulk modification,
they successfully achieved a water contact angle of 166°. The
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surface maintained superhydrophobicity in harsh environments
such as heat treatment, chemical erosion, and mechanic grinding.
The fabricated concrete surface can be used in many industrial
applications.

Anticorrosion

There are different metal substrates such as steel, copper,
aluminum, castiron, brass,and bronze are used in the construction of
buildings, bridges, railways, etc. The corrosion is a very big problem
for these metals. Many methods of synthetic superhydrophobic
surfaces have been employed to achieve anticorrosive properties
[26,27]. Zhang et al. [28] manufactured a superhydrophobic surface
on the S45C steel substrate. The manufactured superhydrophobic
surface exhibited excellent anticorrosion property. The surface
showed the contact angle of 158 + 2° and a sliding angle of 3 + 1°
(Figure 5). The surface also exhibited outstanding chemical stability
and mechanical robustness which enabled to use of this method in
industrial applications (Figure 5).
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Figure 3: Schematic diagram of the fabrication of superhydrophobic coating on concrete [23].
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Figure 4: SEM snapshots of concrete surface (a) without processed through GO/silane composite (b) processed through GO/silane composite
[24].
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Figure 5: Contact angles of (a) bare steel (b) textured steel (c) modified bare steel (d) modified textured steel [28]. )

The concrete is one of the building materials widely used in both
architecture and marine engineering [29,30]. The steel inside the
concrete is inevitably affected by corrosion [31]. Severe corrosion
can damage the internal components of concrete, which may greatly
shorten the service life of the concrete and increase potential
safety risks [32-34]. Lei et al. [35] fabricated superhydrophobic
concrete with a water contact angle of 159° and a sliding angle of
5°. The fabricated superhydrophobic concrete exhibited excellent
anticorrosion and stable mechanical properties. The method was
non-toxic and environment friendly. Wang et al. [36] prepared
a superhydrophobic steel surface through combining hydrogen
peroxide and acid (hydrochloric acid or nitric acid) to obtain a
layered structure on steel, and then performed surface modification
treatment. The as-prepared superhydrophobic surface showed
outstanding properties of anticorrosion, anti-icing, mechanically
robust, and UV-durability. Nine et al. [37] manufactured robust

superhydrophobic graphene-based composite coatings that can be
applied to a variety of materials such as metals, papers, and glasses
through using spray, dipping, and brush painting on the surfaces.
The water contact angle was greater than 172°. The surface
exhibited outstanding anticorrosion and self-cleaning properties.
Meanwhile, it was found that the surface can perform very well in
harsh environments and it can also protect reactive surfaces as a
chemical shield. Lately, Yin et al. [38] fabricated superhydrophobic
coating on the concrete surface through biomimetic mineralization
(M-concrete) followed by low surface energy silane modification
(S-concrete). After the modification of silane, the superhydrophobic
surface exhibited excellent anticorrosion property. The contact
angle of the surface was found to be 156 + 3° (Figure 6). The
fabricated superhydrophobic concrete surface has good stability
(Figure 6).
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Figure 6: The digital snapshots of droplets of water on (a) plain concrete (b) M-concrete (mineralization layer) (c) S-concrete (modified by
silane) (d) S-M concrete (silane hydrophobic coating). The values of contact angles are shown [38].
J
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Anti-icing

During the winter season, the ice formation on roads,
signboards, airplane wings, bridges, and electrical wires caused
many accidents such as slippery roads, cracks in concrete structures,
and flight delays. Due to these reasons, there are a lot of economic
losses every year [39]. The superhydrophobic surfaces have gained

enormous attention from many researchers and several fabrication
techniques are employed to overcome these problems [40,41].
Recently, Zhao et al. [42] fabricated a superhydrophobic coating on
concrete through a two-step spray method (Figure 7). The method
was found to have the properties of anti-icing and good durability
(Figure 7).

s N
Figure 7: (a-c) Schematic diagram of the formation of superhydrophobic coating (d) SEM snapshots of the pure concrete surface and (e) after
the fabrication of superhydrophobic coating on concrete [42].
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Figure 8: Schematic diagram of the whole fabrication process of S-concrete [43].
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Song et al. [43] prepared simple, inexpensive, non-fluorinated,
and robust superhydrophobic concrete (S-concrete) which has
excellent properties such as anti-icing, a low deicing force, and
anticorrosion. The process included several raw materials such
as sand, cement, nylon mesh, and commercial water-based stone
protector (Figure 8). The water contact angle was 160 + 1° and
sliding was 6.5 + 0.5°. This method can be very useful on a large
scale for anti-icing and anticorrosion and it can be applied to
concretes which are used in buildings, bridges, roads, etc. (Figure
8).

Arabzadeh et al. [44] manufactured superhydrophobic coating
on concrete surfaces for anti-icing and snow-free roadways and
airport applications. For fabricating superhydrophobic surfaces

on concrete, the layer-by-layer (LBL) method was used with
polytetrafluoroethylene (PTFE). The contact angle was greater
than 150°. The results showed that the superhydrophobic concrete
surface has outstanding super-water-repellent and anti-icing
properties. Zhu et al. [45] developed a superhydrophobic cement
concrete surface that has excellent anti-ice rain properties under
-12 °C. Moreover, the as-prepared superhydrophobic cement
concrete surface has good heat-reflective properties. This method
can be applied in the applications of building roofs and outside
walls for reducing air-conditioning energy consumption in hot
weather. Ramachandran et al. [46] fabricated superhydrophobic
concrete with micro/nanostructured anti-icing property. The
icephobic concrete surface repelled water droplets at -5 °C. The
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performance of icephobic concrete can be improved by adjusting
the fiber content of polyvinyl alcohol and sand.

Conclusion and Future Perspective

The super hydrophobicity was found in nature several years
ago i.e. in plants and animals. Later on, the superhydrophobic
surfaces fascinated the attention of many researchers because of
their huge chemical and physical properties such as self-cleaning,
waterproofing, anticorrosion, and anti-icing. Many scientists have
fabricated synthetic superhydrophobic surfaces for different
applications. The superhydrophobic surfaces are playing a very
important role in the construction materials for instance in
buildings, roads, railways, airports, bridges, dams, and water
tanks. This review study provided a comprehensive overview of
the problems that are encountered by researchers in construction
materials and their remedies by using superhydrophobic surfaces.
The fabrication methods of superhydrophobic coatings were also
discussed. Meanwhile, the properties and applications of each
method were mentioned. The three main problems and their
solutions were discussed:

. Waterproofing
o Anticorrosion
o Anti-icing

The future work of superhydrophobic coatings in terms
of construction materials should be to improve stability and
performance which is a very big challenge nowadays. The research
should also move on a larger scale of fabrication so that it can be
used in the industrial and daily life applications more frequently.
We should also attain cheap and eco-friendly fabrication materials.
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