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Abstract 

In this era of science where we want things to get more durable and affectless from outer element like 

corrosion, wear, water, friction, biofouling etc, in this which reduction of wettability is an important 

phenomenon. we try to mimic water repellence property from our nature to reduce contact with water 

like a lotus leaf, rose petal, cicada wings etc, this effect is known as superhydrophobicity. In this paper, 

we have discussed a general introduction about superhydrophobicity and will focus on its application in 

different fields. In this review paper, there are a lot of examples of coatings that are made by different 

researchers. We have discussed extensive area of application of superhydrophobicity like corrosion 

reduction, marine industries, aeroplane industry, self-cleaning, anti-icing, wear resistivity etc. 

Keywords:Superhydrophobicity, Coatings, Contact angle, Corrosion, self-cleaning etc. 

1. Introduction  

In nature, we found a lot of examples of 

motivation for researchers to generate or mimic 

natural things in a scientific way. In this legacy we 

shaw property in nature like self-cleaning of lotus 

leaf, superhydrophobicity of rose petal, self-

cleaning of cicada wings, the anti-biofouling 

property of fish scale etc [1]. So, in all these 

examples one thing is common that is 

superhydrophobic property. In general words, we 

can say that superhydrophobicity is a property of a 

surface that repels water on an extreme level and 

left the surface unwetted. On these surfaces, liquid 

or mainly water gets an almost spherical shape and 

doesn’t get flat [2]. So how do they get in this 

shape? Actually, lotus leaf or rose petal or cicada 

wings are covered with some kind of waxy 

nanocrystal coating, this coating can be described 

by two different aspects that are surface chemistry 

and surface structure [3]. This waxy coating has 

nanostructured bumps in these nanostructured 

bumps air get trapped and due to this the water 

droplet doesn’t get penetrate the crusts, so as a 

result, it minimizes the contact area of the water 

droplet and water contact angle increases. Due to 

increased contact angle water drop get the shape of 

a sphere. If This contact angle can become more 

than 150 degrees then it comes under 

superhydrophobicity. This superhydrophobic 

behaviour of lotus leaf led them to obtain 

properties like self-cleaning, anti-icing etc [4-7]. 

So, if researchers could make these types of 

coating on surfaces, we can get surface with the 

property of self-cleaning windshields, anti-icing 

panels, corrosion-resistant surface, wear resistance 

surfaces [8,9]. According to constructed contact 

angle on the surface, we can categorise the surface 

into hydrophilic, hydrophobic or 

superhydrophobic. So, if the water contact angle is 

less than 90 degrees then it will be categorised as a 

hydrophilic surface. If the contact angle is greater 

than 90 degrees then it is hydrophobic but when 

the water contact angle becomes greater than 150 

degrees and water sliding angle i.e., tilted angle of 

the surface on which water slides down is less than 

10 degrees can be referred to as super hydrophobic 

surfaces [10-12]. Last two and half decade 

researchers tried to mimic the super hydrophobic 
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surface and used different materials to do so 

extensive review on the materials used and their 

properties are discussed further in this paper. 

During developing these surfaces researches get to 

understand the requirements for the super 

hydrophobic surface. The main requirements for 

super hydrophobic surface are- 

1.1. Lower surface energy- Lower surface energy 

is a required parameter for superhydrophobicity. 

Some materials have lower surface energy but 

some surfaces don’t have this property. 

Researchers have found and created some 

materials that can lower the surface of energy. 

Some surfactants like silane group steric acid, 

polymers are good reducing surfactants. In silane 

group fluoroalkyl silanes due to presence of CF2, 

CF3 group it shows the phenomenal property of 

energy reduction of surfaces. But due to the 

presence of fluorine researches are searching for 

an alternative to this compound [13-16].  
1.2. Surface roughness-  
It is essential for superhydrophobicity that the 
surface should be rough along with low surface 
energy. This rough surface trap air in between their 
valleys and control water from entering into them 
and it reduced the contacted surface area and water 
remains in sphere shape eventually glides on the 
surface. Practically no surface is absolutely plane 
surface all of them are rough, but for a better result 
in superhydrophobicity, we can control this 
roughness pattern on the surface and can increase 
water contact angle and lower the contacted surface 
area. There are different methods by which we can 
create surface roughness and control pattern i.e. 
etching [17], plasma method [18] etc [16,19,20].  
As discussed, earlier contact angle should be 
greater than 150 degrees only then we can say that 
the surface is superhydrophobic, schematic 
diagram for the relation between contact angle and 
its property given in fig. here we can see the angle 
the contact angle is represented by θY and S, A and 
L represent the solid, the air and the liquid phases, 
respectively. 

 

Fig.1 Rough surface and air trapping [16]. 

 

 

Fig.2 Contact angle. 
a. Contact angle, b. hydrophilic surface, c. 

hydrophobic surface and d. superhydrophobic 
surface [14] 

For superhydrophobicity, scientists have developed 
some wetting models by which we can calculate 
contact angle on the different surfaces. First in the 
18

th
 century, Thomas Young published his model 

for measurement of contact angle on the plane 
surface [21]. Here is his formula 

γLA.cosθY=  γSA-γSL                                                     …(1) 

After that Wenzel published his wetting model in 
1936 for the rough surface on microstructured level 
surfaces, he introduced R that is a factor of 
roughness, his model was only for homogeneous 
surfaces [22]. Here is his formula 

cos θW = R cos θY…                                   (2) 

R= Actual surface area/Planar surface  

θWWenzle contact angle 

θYis Youngs contact angle 

Then Cassie-Baxter in 1944 gave their model on 
wettability for nanostructure heterogeneous 
surfaces [23]. Here is a formula 

cos θCB = f (cos θW + 1) – 1                    …(3) 

f= fraction of area which touches the water 

θCB= Cassie-Baxter contact angle 

 

Fig. 3: Schematic photo of (a) Young’s Model, 

(b) Wenzel Model, and (c) Cassie–Baxter Model 

[24] 

These models are the basic model for wettability, 
many experiments are being done day by day to 
know more about wettability. Basically, we can 
make the surface superhydrophobic surface by 
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going through some necessary changes and can 
also fabricate the surface with low energy material 
to enhance the superhydrophobic property. There 
are different ways we can fabricate surface like 
electrodeposition, sol-gel method [25], chemical-
electrochemical deposition [26], electrospinning 
[27] method etc. 

2. Applications 

In this section we will discuss the about the 

different application that is contained by 

superhydrophobic coatings. Due to the 

superhydrophobic layer, we can enhance different 

properties of the substrate, the self-cleaning 

property of the material is the main and well-

known application of the superhydrophobic layers. 

There are also other properties like non-fouling, 

anti-icing, also on the metal substrate they can 

increase the corrosion resistance, wear resistance, 

abrasion resistance properties in them. These 

properties can be created by the different types of 

superhydrophobic materials and their fabrication 

techniques. So here are some properties of 

superhydrophobicity. 

2.1. Self-Cleaning Property 

Self-cleaning is a property by which the material 
can clean itself by removing dirt, as we have 
discussed earlier the self-cleaning properties of 
secret lotus leave. This self-cleaning property is 
desired in different cases like in automobiles, self-
cleaning of their windshields [28], this can also use 
in textiles industries to make waterproof clothes 
[29]. Some results are given by researchers to 
create better self-cleaning superhydrophobic layers. 
It was reported that a versatile coating that shows 
the property of self-cleaning and anti-glare was 
synthesised with a high contact angle of 168 
degrees. These coatings were very stable even in 
outdoors conditions even up to 2000 hrs of working 
[30]. With the help of Multiwall carbon nanotubes 
(MWCNT) mainly based on nanocomposites and 
thermoplastic stuff, Li et al. proclaimed that they 
made a superhydrophobic layer. These astute 
coatings are typically only prepared at shut 
conditions although not surface treatment of the 
substrate required. [31]. Qian and Cheng's 
researchers fabricated a micro/nanostructured ZnO- 
alkylamine composite layer on carbon steel by 
electrodeposition and anodization process. The first 
electrodeposition process was completed then 
carbon steel was anodized with 

octadecylamine/ethanol. As a result, they found 
that it has good superhydrophobic property 
containing a water contact angle of 158 degrees on 
anodizing time of 60 min. this low energy surface 
has a good self-cleaning property as it cleaned soil 
spread on the surface very easily, also it shows a 
good anti-adhesion property against pseudomonas 
aeruginosa bacteria in the aqueous environment 
[32]. 

     (1) 

 

Fig 4. Self-Cleaning Property OfZno- 
Alkylamine Composite Layer Against Soil a) 
spread of soil on the surface, b) water droplet 

on the surface to clean, c) soil rolled away with 
water droplet from the surface [32]. 

Kim et al. used a two-step chemical etching 
process on stainless steel (AISI-304), first they 
etched the stainless-steel plate with Hydrofluoric 
acid and got a water contact angle of 166 degrees 
and sliding angle of 5 degrees and further to 
enhance superhydrophobicity they dipped the plate 
in NaCl solution at 100-degree Celcius, due to this 
water contact angle increased and became 168 
degree and sliding angle became almost 2 degree. 
As a result, they found that it has very good self-
cleaning property, contaminants get absorbed and 
get rolled with when coming in contact with water 
droplet, and also it has good durability as they 
check the water contact angle after 1 month and 
found that there was same water contact angle as 
before [33]. 

In another research, steel was fabricated with 
nickel by electrodeposition and a fluorinated 
approach was adopted. After altering different 
current densities, it found out that at the current 
density range from 5A/dm2 to 9A/dm2 surface get 
the highest contact angle i.e., more than 166 
degrees and a sliding angle of 1 degree. This 
coating was durable till 400 days and it had 
excellent self-cleaning property [34]. He et al. 
proposed a durable superhydrophobic coating with 
recyclability and self-cleaning property with silica 
and polytetrafluoroethylene by drop coating 
method [35]. 
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2.2. Anti-Corrosion Property 

We have seen in our life that the transportation of 
natural gas, water etc is done with the help of 
pipelines. But natural gas contains many chemicals 
that have a very corrosive nature like H2S, CO2 
etc. So pipelines are always at risk of corrosion, 
erosion etc. It is generally believed that 
Superhydrophobic coatings can control the 
corrosion of the substrate. Due to coatings, the 
substrate got protected from the outer bad 
conditions and that’s why due to superhydrophobic 
coatings the material get more life. In this, we will 
discuss the corrosive resistance coatings created by 
different scientists [36]. Wang et al. used a single-
stage electrodeposition method and made a 
corrosion-controlled layer. He used zinc tetra 
decanoate film to electrodeposit on the substrate. 
He studied the corrosion resistance of the coating 
and as a result, he found out that the corrosion 
resistance of that coating was much greater than 
that of the substrate and so that this coating 
enhanced the corrosion resistance of the object 
[37]. In another experiment, zinc substrate was 
used and superhydrophobic coating of zinc- lauryl 
amine film was used and was deposited on the 
substrate by electrodeposition method. After that its 
property of corrosion was tested in a marine 
environment and found out that its corrosion 
resistance was increased significantly [38].  In an 
experiment, a stable SHS was produced on zinc 
substrate by immersion technique. Methanol 
solution of hydrolysed 1H,1H,2H,2H- 
perfluorooctyltrichlorosilane was used as a solution 
in which zinc was immersed for 5 days, and after 
that, it was annealed by air at 135 degrees for 1 
hour. This film provided a contact angle of 151 
degree and shown good corrosion resistance 
properties for the zinc material [39]. Fan et al. 
created a superhydrophobic layer with the help of a 
surface energy reducer agent that was palmitic acid 
and used electrodeposition on carbon steel and 
created contact angle of 160.2 degrees, and done a 
corrosion resistance test and found out that 
corrosion current was decreased after the treatment 
of layer so that it was cleared that corrosion 
resistance property was increased [40]. Chen et al. 
used an aluminium coating to make SHS on steel 
by arc spraying technique. This was simple and 
could be used for large scale production. He 
created a contact angle of 151 degrees of the 
droplet. He used a polyurethane/nano-AL2O3 
composite. The anticorrosive property of steel was 

enhanced and corrosion current density was 
reduced from 2.215×10−3Acm−2 to 1.873×10−4 
Acm−2 [41]. Kwon et al. used a re-entrant structure 
to produce SHS on stainless steel. He used the laser 
ablation technique to etch the material initially, 
polishing and electrodeposition were done after 
that. With the help of laser ablation, micropillars 
were formed after that insulation take place then 
after mechanical polishing copper was 
electrodeposited on these structures (fig 5). This 
procedure obtains us the water contact angle of 153 
degrees. He found that the water droplet was 
almost spherical and was in Cassie- Baxter state 
[42]. 

 

Fig 5. Schematic diagram of a process [42] 

Zhang et al. was used as a two-step coating to 
make SHS on stainless steel. First, he 
electrodeposited silica film which was 
hierarchically structured and after that he modified 
the surface with the help of silane to provide the 
superhydrophobicity. Due to this coating the 
corrosion resistance property, abrasion resistance 
property, and also thermal stability was increased 
[43]. With the help of nanosecond laser texturing 
and using fluoroalkyl silane (FAS-17), a circle-
shaped microstructure gets on the S45C steel. The 
water contact angle was 161.5 degree and it was 
showing corrosion resistance efficiency of 98.1%, 
this leads that it shows good corrosion resistance 
and water repellency. And also, in case of damage 
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of the top layer of SHS, it can regain its 
superhydrophobicity by re-modification, so it also 
shows good repairable property [44]. Ou et. al. 
conducts research on coating materials by two 
types of coating technique one is a hydrothermal 
process and another is chemical etching on 
different materials like aluminium, titanium, 
magnesium. They used Perfluoro octyltriethoxy 
silane (PFOTES) as their coating material. When 
they coated aluminium alloy, titanium and 
magnesium by the hydrothermal process they get a 
contact angle of 162,155,157 degrees, and when 
they perform chemical etching process on these 
materials respectively, they get 160,162,160 
degrees. All these coatings have a high corrosive 
property in nature [45]. Liu et al. produced a 
superhydrophobic surface with a contact angle of 
151 degrees with the help of the solution 
immersion process. This fabricated surface act as a 
wall between water and oxygen so that they cannot 
get react with the base metal. This medium can 
reduce the rate of corrosion [46]. Salicio-Paz et. al. 
conducted their research on low carbon steel, they 
plated Nickel and phosphorus coating by an 
electroless coating method and the total plating 
time was 3 hours. They coated monolayer and 
multilayer (3 layers) and gave a comparative study. 
They show that the monolayer coating was very 
weak in comparison with the multilayer coating. 
They showed that due to annealed multilayer 
coating the delay in progress corrosion attack 
occurs and this blocks the advance of defect 
produced by the corrosive media [47]. Kuang et al. 
did a corrosion resistance study on magnesium 
substrate. They prepared biocompatible Mg-Mn 
layer doubled hydroxide (LDH) film first on the 
pure magnesium through electric field-assisted 
immersion method, then this myristic acid and 
calcium chloride was electrodeposited on the 
prepared sample superhydrophobic layer get 
prepared. They got a 154.3-degree water contact 
angle and found that due to superhydrophobic 
coating there was a significant enhancement in 
corrosion resistance property [48]. In another 
experiment, Alghanab et al. used electroless 
Nickel-Phosphorus coating on AM60B magnesium 
alloy using layer double hydroxide (LDH) as under 
layer to enhance its corrosion resistance property. 
They take 2 to 8 hours of treatment time for 
preparation of LDH layer and found flake-like 
morphology. He found after 6 hours of immersion 
in 3.5 wt % NaCl coating shows an excellent 
corrosion resistive property [49]. In study 17-4, PH 

stainless steel is used as the substrate to fabricate a 
superhydrophobic layer for marine use by 
electrodeposition on Zn and by surface treatment 
with stearic acid. Adhesion durability and anti-
corrosion property were studied thoroughly and 
found that they got 155 ± 1°-degree water contact 
angle and by salt spray corrosion testing they found 
that among different surface roughness best 
durability and anti-corrosion property obtain on 
surface roughness of 4.62±0.15 µm [50]. A 
fluorine-free approach was used by Wang et al. to 
construct a superhydrophobic layer on mild steel 
for corrosion protection. They used a one-step 
electrodeposition process to coat 
dodecyltrimethoxysilane (DTMS) on mild steel. By 
potentiodynamic polarization technique, they found 
that mild steel gets an extensive increase in anti-
corrosion property when test with 3.5 wt. % NaCl 
solution and the performance efficiency was found 
99.72% [51]. 
2.3. Anti-Icing Property- Nowadays icing has 
become the main problem is some industries like 
aircraft, ships, highways and telecom equipment 
etc. Due to this ice formation these industries face a 
huge loss. To remove ice from the equipment huge 
machine and a lot of energy is used. To overcome 
these problems scientists found that 
superhydrophobicity has the property that can 
neglect to ice or delay icing on the surface. 
Superhydrophobicity can also contain a slipping 
phenomenon alternative to anti-icing, in this 
formed ice get to slip off the surface, it reduces ice 
adhesion strength with the surface. The 
superhydrophobic surface which has an anti-icing 
property is called icephobic. Some of the results 
given by scientists for icephobic surfaces. In an 
experiment, it found that the surfaces which have 
high water repellency can prevent ice formation. 
The water droplet gets drop off from the surface 
before freezing on it. This can be said as the anti-
icing property. This same group also found that 
hierarchical structure can allow small water particle 
from the air (moisture) to condensed inside the 
microstructure and this can lose the purpose of 
anti-icing [52]. In a study, it found out that if the 
roughness will be in nano scaling then there can be 
a decrease of ice adhesion up to 15 times [53]. A 
polymeric superhydrophobic surface was made by 
Mobarakeh et al. which shows good anti-icing 
property. He used hexamethyldisiloxane coating by 
low-pressure plasma polymerization. This layer 
showed that it was icephobic even in the 15

th
 cycle 

of icing/de-icing, and also it shows that it has 3.5 
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times lower ice adhesion on the surface [54]. 
Boinovich et al. used stainless steel as substrate and 
silica nanoparticles as fabricating material. They 
used the chemical etching and dispersion process. 
They get a contact angle of 155 degrees and a 
sliding angle of 42 degrees, this coating was good 
enough even after 100 cycles of icing and de-icing 
[55]. Cao et al. used a composite of acrylic 
polymer and silica nanoparticles as a coating 
material and glass as a substrate, they coat the film 
by polymerization process and get contact angle of 
150 degrees and contact angle hysteresis less than 2 
degrees, this surface had a great anti-icing property 
[56]. Liu et al. fabricated a superhydrophobic layer 
which has extensive anti-icing capabilities on the 
stainless steel AISI304 by two-step process first by 
chemical etching of stainless steel AISI304 with a 
mixture of ferric trichloride aqueous solution 
(FeCl3, 1.65 mol/L), hydrochloric acid (HCl, 37%) 
and hydrogen peroxide (H2O2, 30%) (15:1:1, 
vol%) for 20 min and after that modifying with 
DTS(CH3(CH2)11Si(OCH3)3) and Toluene 
(C6H5CH3) for 60 min. as a result, they get to 
have an excellent anti-frosting property at a very 
low cost of approach [57].  In a research conducted 
for getting good icing-delay property on the 
substrate so they prepared multi-fluorination 
organic superhydrophobic coating by using a 
fluorinated resin matrix, perfluoro mercapto 
propionate hydrophobic agent and PTFE particles 
and they got water contact angle of 162 degree and 
good anti-abrasion wear property along with 
excellent icing delay ability even at -10 degree 
Celsius [58].  
2.4. Wear Resistance 
Slow elimination or deformation of material at a 
solid surface is called wear. There can be two main 
causes of wear mechanical erosion and chemical 
corrosion. In wear metal from the surface of the 
material detached in form of debris due to plastic 
displacement. The particle size may vary from 
millimetres to nanometres [59]. This wear needs to 
be controlled otherwise it can damage the material 
badly. We saw in some researches that the wear 
resistance of the material can increase by the 
superhydrophobic layer, some layers have the 
extensive property of wear resistance along with 
other properties. Some of the results have given by 
the researchers- Yizhou et al. prepared coating of 
TIO2/AL203 on α–β titanium alloy that has good 
corrosion property but poor wear property, then 
after coating by micro-arc deposition we found that 
its wear resistance properties get enhanced by 9.5 

times [60]. Benea et al. studied the nanostructured 
Ni/SiC composite coating by electroplating for the 
wear resistance and he found that the wear 
resistance of composite was more than only Nickel 
deposition [61]. Ramesh et al. used nickel-coated 
SiC reinforced with Al6061composite to coat the 
surface due to this reinforced composite there was 
an extensive change in wear resistance property, 
this composite reduces the coefficient of friction 
compared to uninformed composite. Due to the 
formation of oxides the coefficient of friction and 
wear resistance get significantly low [62]. With the 
help of polymerization and condensation and using 
coating material as quartz sad particles and 
organosilane on glass and cardboard researcher get 
a 158-degree contact angle and this coating has 
very good wear resistance properties [63]. Wear 
resistance study of superhydrophobic coating made 
of hydrophobic silica nanoparticles and acrylic 
resin matrix on a glass substrate or polished iron tin 
plate has done by Li et al., They found that when 
the coating was abraded with same roughness 
abrasive paper as that of superhydrophobic layer 
than it decays faster than if it abraded by more 
roughened abrasive paper and durability of 
hydrophobicity will be maintained [64].   By using 
cathodic arc evaporation method Cr/CrN multi-
module coatings deposition on the substrate HS6-5-
2C steel. Seven Cr/CrN modules of fixed thickness 
each, with various thicknesses of Cr and CrN 
layers, were deposited. Wear of coating, adhesion 
property, hardness was calculated. In these coatings 
in which the high content of pure Cr was there 
characterised as very good anti-wear properties 
[65]. In dental wires, we can see continuous wear 
due to different eatable items like peanuts, nougat 
chewing etc, even on brushing teeth. So, Lin et al. 
completed research to fabricate a superhydrophobic 
layer on stainless steel AISI304 by grid-blasting, 
plasma-polymerized and Vitro wear test was 
performed on it by creating artificial saliva and 
mimicking brushing, chewing etc. to determine its 
durability. As a result, they found that as tests time 
were increased the superhydrophobic capability of 
the layer get decreased but due to this layer 
durability of stainless steel as a medical purpose 
get increased [66]. 

2.5. Anti-biofouling Property 

The interactions of solid surface structure with the 
biological environment have been studied a lot in 
recent years [67]. This phenomenon is undesirable 
for many processes. The accumulation of 

https://en.wikipedia.org/wiki/Nanometre
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undesirable biofilms on the surface by micro-
organisms is called biofouling. There is two type of 
fouling take place one is due to biological 
colonisation and other is non-living particles. We 
can find a lot of ways by nature to control fouling 
by a chemical and physical mechanism like low 
drag less water wettability, micro-nano texturing 
and with help of other chemical excretions. 
Scientists generally mimic the ways of nature to 
control the fouling. The lessons learned from this 

can apply in engineering applications [68,69]. So, 
we can see from nature that the superhydrophobic 
layer by using a different physical and chemical 
process we can achieve anti-biofouling property in 
coated layer and can increase the life of the object. 
Different scientists have created SHS films for 
protection from biofoulings, some of them are 
shown below. We can see by the given figure about 
the area of susceptibility to biofouling and 
examples of anti-biofouling methods 

 

Fig 6. Susceptible fields for biofoulings and examples of anti-biofouling methods [68]. 

Common algae found on marines are generally 
green algae (Ulva australis) and brown algae 
(Ectocarpus) [70]. Due to the bio-fouling speed of 
ships get reduced due to extra drag which increases 
the fuel consumption [71]. Initially, anti-biofouling 
coatings films that were made on the marine ships 
were toxic that was ruining the marine environment 
so there was a need to use nontoxic coatings [72]. 
fluoropolymers and silicone elastomers can be used 
as nontoxic ecologically sound hydrophobic 
material and possess good self-cleaning property 

[73]. Some racing boats use Silicon or siloxane 
elastomers because of their lower surface energy 
and less sticking hydrophobic surface, although 
these coatings can breakdown after some time [74]. 
Self-assemble monolayers (SAM) are used by heat 
exchangers because of their low surface energy 
hydrophobic property and low adhesion with bio 
fouls. SAM can also control the corrosion on the 
surface by controlling water and oxygen 
accumulation on the surface. SAM can hold against 
higher temperature like Silicon and hexadecyl can 
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withstand up to 200 and 225 degree Celsius 
respectively [75]. Rahmawan et. al. shows with the 
help of a soft lithography process known as replica 
modelling, they produced a dual roughness 
hierarchical diamond-like carbon structure this 
structure was able to perform superhydrophobic as 
well as anti-biofouling property on the surface [76]. 
It is found that polymers degradation rate gets 
increased in the marine environment because of 
micro-organisms and enzymes. Butanolide which is 
a good anti-fouling agent, its degradation rate 
depends on both its initial concentration, 
temperature, generally, its release occurs in about 
three months. If we add natural resin in the 
biodegradable formulation then it can increase the 
release rate and self-renewability of butanolides. So 
biodegradable poly-ε-caprolactone based 
polyurethane can also be used to make 
superhydrophobic layers [77].  Polyethylene glycol 
or oligoethylene glycol groups used to fabricate the 
superhydrophobic surface that can resist the protein 
and microbe’s adhesion; however, they are less 
durable and frequent checking is required [78]. Sun 
et al. used stainless steel (AISI-304) for an anti-
biofouling study. He used picosecond laser to 
texture hierarchical micro, nanostructure on the 
substrate and put the substrate into seawater for 5 
weeks to know the effect of biofouling, he found 
that there was 50 per cent less accumulation of 
microbe attachment area ratio than bare stainless 
steel. They found that interconnected 
microstructure attached with plentiful 
nanostructure is a very important aspect for anti-
biofouling superhydrophobic surfaces [79]. Selim 
et al. fabricated a superhydrophobic layer with the 
help of silicon (SiC) nanowire composite mainly 
for marine uses. the fouling realising properties of 
silicon nanocomposite was studied by immersing 
the sample in seawater for 3 months, due to low 
surface energy, contact angle 153 degree and 
micro/nanoscale roughness it has shown an 
excellent anti-biofouling property. This is an 
environmentally friendly solution for the fouling 
problem in marine uses [80]. Ni3S2 coating was 
fabricated on stainless steel by Yin et al., they used 
a combination of electrodeposition, chemical 
modification and solvothermal reaction. Due to the 
effects of nanorods morphology and low surface 
energy surface water droplets get bounced on the 
coated surface even at 300 degree Celsius. They 
get a water contact angle of 163 degree also a very 
effective biofouling contamination protection due 
to coating [81]. 

2.6. Anti-Fogging Surface 

Fog is formed due to particles spread in the air. 
When vapour that is present in the atmosphere get 
condensed due to some temporary change of 
temperature, humidity or convection a fog is 
generated. So, if a fog is formed on a surface then 
this can scatter light and can reduce the optical 
clear view from the surface. So that anti-fogging 
surfaces is required in windshields, safety glasses, 
eyeglasses etc [82]. Antifogging is a common 
property of hydrophilicity and hydrophobicity with 
apparent contact angle [83]. In hydrophilicity when 
the contact angle is less than 40 degree then the fog 
generated on the surface gets condensed in skinny 
film and so that no fog is formed. On the other 
hand, when vapour is condensed and fog is 
generated on the superhydrophobic layer lower the 
fog formation by increasing the evaporation rate. 
Chen et al. proved it by fashioning fog on standard 
glass and superhydrophobic glass, the fog on 
standard glass try to make a water film and take 
much more time to evaporate on the other hand on 
the superhydrophobic glass due to multiplied area 
the fog disappeared in very less time. They also 
developed a superhydrophobic surface of water 
contact angle152 degree and with 8 degrees sliding 
angle by silica capsule particle by dip-coating 
method. This clear surface increased evaporation 
rate and fog get disappeared [84]. 

Conclusion  
In this review paper we have discussed about 
superhydrophobicity by comparing it with some 
natural phenomenon and gave some important facts 
and requirements that are needed to generate 
hydrophobic property on the surface. We have 
discussed different wetting models and their 
formula for measuring water contact angle along 
with different applications of superhydrophobicity. 
We have discussed different applications like self-
cleaning, anti-corrosion, anti-biofouling, anti-
fogging, wear resistance etc with many examples 
of different researches work on these properties. 
These all properties have many applications in 
industries as well as daily life and innumerable 
fabrications have been made by researchers but 
plenty of them have been confined in labs only 
some of the techniques are on market. What is the 
reason for this? Actually, most of the techniques 
and material that were used by researches are very 
costly, time-taking and cannot be used for large 
fabrication. So, there is a need for researching this 
field for making it achievable to mass by making it 
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cheaper and easy to fabricate. Also, there is a great 
challenge to make it more durable for use as these 
surfaces have to be used in outdoor conditions. 
Many testings have been done in laboratories but 
these fabrications have an actual use in outdoor 
condition. Also, this coating should be environment 
friendly so that there will be no harm to nature. So, 
these changes are necessary for this field to make it 
more useful to our daily life and industries. 
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